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DATABASE QUERY PROCESSING USING
HORIZONTAL DATA RECORD ALIGNMENT
OF MULTI-COLUMN RANGE SUMMARIES

BACKGROUND

[0001] 1. Field

[0002] The disclosure relates generally to database query
processing and more specifically to processing analytical
database queries using horizontal alignment of data record
groups and corresponding subgroups within correlated col-
umns of multi-column range summaries.

[0003] 2. Description of the Related Art

[0004] Traditional analytical query processing 1s limited by
the need to 1dentily and maintain a multitude of 1ndexes for
data records. Analytical queries aggregate data record values
based on a group of data record rows. Analytical queries are
commonly used for running totals, moving averages, or top-N
results within a group of data records. Identitfying the correct
indexes for analytical query processing has been a challenge
in real-world applications and has been a burden on database
administrators. In addition, maintaining a multitude of
indexes increases the update overhead cost 1n transaction
processing and in operational data stores. Further, all changes
to indexes must be logged, which 1s another overhead cost.

SUMMARY

[0005] According to one illustrative embodiment, a com-
puter-implemented method for organizing data within a data-
base 1s provided. In response to a computer determining that
a group of coarsified data records within a database table 1s
not an aligned group of data records, the computer generates
a virtually replicated subgroup of coarsified data records that
corresponds to the group of coarsified data records from
different groups of coarsified data records within the database
table. The computer aligns the virtually replicated subgroup
of coarsified data records with the corresponding group of
coarsified data records. According to other illustrative
embodiments, a computer system and a computer program
product for organizing data within a database are provided.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0006] FIG. 1 1s a pictorial representation of a network of
data processing systems 1n which illustrative embodiments
may be implemented;

[0007] FIG. 2 1s a diagram of a data processing system 1n
which illustrative embodiments may be implemented;

[0008] FIG. 3 1s a diagram illustrating a process for deter-
mimng correlated column sets 1n accordance with an illustra-
tive embodiment;

[0009] FIG. 4 1s a diagram illustrating a process for coarsi-
tying correlated column sets 1n accordance with an 1llustra-
tive embodiment;

[0010] FIG. 51s a diagram illustrating a process for sorting
correlated column sets 1in accordance with an illustrative
embodiment;

[0011] FIG. 6 1s a diagram 1llustrating a process for gener-
ating groups of data records within correlated columns 1n
accordance with an illustrative embodiment;

[0012] FIG. 7 1s a diagram 1llustrating a process for gener-
ating replicated subgroups of data records in accordance with
an 1llustrative embodiment;

Dec. 3, 2015

[0013] FIG. 8 1s a diagram 1llustrating a process for gener-
ating virtual multi-column range summary and horizontal
group alignment tables 1 accordance with an illustrative
embodiment;

[0014] FIG. 9 1s a flowchart illustrating a process for orga-
nizing database records into different groups 1n accordance
with an illustrative embodiment;

[0015] FIGS. 10A-10B are a flowchart illustrating a pro-
cess for honizontally aligning data record groups and repli-
cated subgroups 1n accordance with an illustrative embodi-
ment,

[0016] FIG. 11 1s a flowchart illustrating a process for
iserting a data record into a database table 1n accordance
with an illustrative embodiment;

[0017] FIG.121s aflowchartillustrating a process for delet-
ing a data record from a database table 1n accordance with an
illustrative embodiment;

[0018] FIG. 13 1s a flowchart illustrating a process for
updating a data record in accordance with an illustrative
embodiment; and

[0019] FIG. 14 1s a flowchart illustrating a process for pro-
cessing a database query in accordance with an illustrative
embodiment.

DETAILED DESCRIPTION

[0020] The present invention may be a system, a method,
and/or a computer program product. The computer program
product may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

[0021] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an opti-
cal storage device, an electromagnetic storage device, a semi-
conductor storage device, or any suitable combination of the
foregoing. A non-exhaustive list of more specific examples of
the computer readable storage medium includes the follow-
ing: a portable computer diskette, a hard disk, a random
access memory (RAM), aread-only memory (ROM), an eras-
able programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a por-
table compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a
mechanically encoded device such as punch-cards or raised
structures 1in a groove having instructions recorded thereon,
and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, 1s not to be con-
strued as being transitory signals per se, such as radio waves
or other freely propagating electromagnetic waves, electro-
magnetic waves propagating through a waveguide or other
transmission media (e.g., light pulses passing through a fiber-
optic cable), or electrical signals transmitted through a wire.
[0022] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
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network interface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

[0023] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
istructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or either
source code or object code written 1n any combination of one
or more programming languages, including an object ori-
ented programming language such as Java, Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
istructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software pack-
age, partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service Pro-
vider). In some embodiments, electronic circuitry including,
for example, programmable logic circuitry, field-program-
mable gate arrays (FPGA), or programmable logic arrays
(PLA) may execute the computer readable program instruc-
tions by utilizing state information of the computer readable
program instructions to personalize the electronic circuitry, in
order to perform aspects of the present invention.

[0024] Aspects of the present mmvention are described
herein with reference to tlowchart illustrations and/or block
diagrams of methods, apparatus (systems ), and computer pro-
gram products according to embodiments of the invention. It
will be understood that each block of the tlowchart illustra-
tions and/or block diagrams, and combinations of blocks in
the tlowchart illustrations and/or block diagrams, can be
implemented by computer readable program instructions.

[0025] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the imstruc-
tions, which execute via the processor of the computer or
other programmable data processing apparatus, create means
for implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks. These computer read-
able program instructions may also be stored in a computer
readable storage medium that can direct a computer, a pro-
grammable data processing apparatus, and/or other devices to
function 1n a particular manner, such that the computer read-
able storage medium having mstructions stored therein com-
prises an article of manufacture including instructions which

implement aspects of the function/act specified 1n the tlow-
chart and/or block diagram block or blocks.

[0026] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
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other device implement the functions/acts specified 1n the
flowchart and/or block diagram block or blocks.

[0027] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of pos-
sible implementations of systems, methods, and computer
program products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or por-
tion of 1structions, which comprises one or more executable
instructions for implementing the specified logical function
(s). In some alternative implementations, the functions noted
in the block may occur out of the order noted 1n the figures.
For example, two blocks shown 1n succession may, 1n fact, be
executed substantially concurrently, or the blocks may some-
times be executed 1n the reverse order, depending upon the
functionality involved. It will also be noted that each block of
the block diagrams and/or tflowchart illustration, and combi-
nations of blocks in the block diagrams and/or flowchart
illustration, can be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts or carry out combinations of special purpose hardware
and computer mnstructions.

[0028] With reference now to the figures, and 1n particular,
with reference to FIG. 1 and FIG. 2, diagrams of data pro-
cessing environments are provided in which 1llustrative
embodiments may be implemented. It should be appreciated
that FIG. 1 and FIG. 2 are only meant as examples and are not
intended to assert or imply any limitation with regard to the
environments in which different embodiments may be imple-
mented. Many modifications to the depicted environments
may be made.

[0029] FIG. 1 depicts a pictorial representation of a net-
work of data processing systems 1n which 1llustrative embodi-
ments may be implemented. Network data processing system
100 1s a network of computers and other data processing
devices in which the illustrative embodiments may be imple-
mented. Network data processing system 100 contains net-
work 102, which 1s the medium used to provide communica-
tions links between the computers and the other data
processing devices connected together within network data
processing system 100. Network 102 may include connec-
tions, such as wire communication links, wireless communi-
cation links, or fiber optic cables.

[0030] In the depicted example, server 104 and server 106
connect to network 102, along with storage 108. Server 104
and server 106 may be, for example, server computers with
high-speed connections to network 102. In addition, server
104 and/or server 106 may provide services to client devices
connected to network 102. For example, server 104 and/or
server 106 may provide a service for processing analytical
data record queries submitted by client devices.

[0031] Clients 110, 112, and 114 also connect to network
102. Clients 110, 112, and 114 are clients to server 104 and/or
server 106. In the depicted example, server 104 and/or server
106 may provide information, such as boot files, operating
system 1mages, and applications to clients 110,112, and 114.
Usersofclients 110,112, and 114 utilize clients 110, 112, and
114 to access the services provided by server 104 and/or
server 106.

[0032] Clients 110, 112, and 114 may be, for example,
personal computers, network computers, and/or portable
computers, such as laptop computers, with wire and/or wire-
less communication links to network 102. In addition, clients
110,112, and 114 also may represent mobile data processing
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systems, such as cellular telephones, smart phones, personal
digital assistants, gaming devices, or handheld computers,
with wireless communication links to network 102. It should
be noted that clients 110, 112, and 114 may represent any
combination of computers and mobile data processing sys-
tems connected to network 102.

[0033] Storage 108 1s a network storage device capable of
storing data 1n a structured or relational format. Storage 108
may be, for example, an operational data store, data ware-
house, or database. Storage 108 may provide storage of a
plurality of different types of data records and history infor-
mation regarding query workloads and results associated
with each of the different types of data records. The data
records may store any type of information and/or values.
Further, storage unit 108 may store other data, such as authen-
tication or credential data that may include user names, pass-
words, and/or biometric data associated with a plurality of
users and/or system administrators.

[0034] Also, 1t should be noted that network data process-
ing system 100 may include any number of additional server
devices, client devices, and other devices not shown. Program
code located 1in network data processing system 100 may be
stored on a computer readable storage medium and down-
loaded to a computer or other data processing device for use.
For example, program code may be stored on a computer
readable storage medium on server 104 and downloaded to
client 110 over network 102 for use on client 110.

[0035] In the depicted example, network data processing
system 100 1s the Internet with network 102 representing a
worldwide collection of networks and gateways that use the
Transmission Control Protocol/Internet Protocol (TCP/IP)
suite of protocols to communicate with one another. At the
heart of the Internet 1s a backbone of high-speed data com-
munication lines between major nodes or host computers,
consisting of thousands of commercial, governmental, edu-
cational, and other computer systems that route data and
messages. Of course, network data processing system 100
also may be implemented as a number of different types of
networks, such as for example, an 1ntranet, a local area net-
work (LAN), or a wide area network (WAN). FIG. 1 1s
intended as an example, and not as an architectural limitation
tor the different illustrative embodiments.

[0036] With reference now to FIG. 2, a diagram of a data
processing system 1s depicted in accordance with an illustra-
tive embodiment. Data processing system 200 1s an example
of a computer, such as server 104 or client 110 1n FIG. 1, 1n
which computer readable program code or instructions
implementing processes of 1llustrative embodiments may be
located. In this illustrative example, data processing system
200 1includes communications fabric 202, which provides
communications between processor unit 204, memory 206,

persistent storage 208, communications unit 210, mnput/out-
put (I/O) unit 212, and display 214.

[0037] Processor unit 204 serves to execute instructions for
soltware applications or programs that may be loaded into
memory 206. Processor unit 204 may be a set of one or more
processors or may be a multi-processor core, depending on
the particular implementation. Further, processor unit 204
may be implemented using one or more heterogeneous pro-
cessor systems, 1n which a main processor i1s present with
secondary processors on a single chip. As another illustrative
example, processor unit 204 may be a symmetric multi-pro-
cessor system containing multiple processors of the same

type.
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[0038] Memory 206 and persistent storage 208 are
examples of computer readable storage devices 216. A com-
puter readable storage device 1s any piece of hardware that 1s
capable of storing information, such as, for example, without
limitation, data, computer readable program code 1n func-
tional form, and/or other suitable information either on a
transient basis and/or a persistent basis. Further, a computer
readable storage device does not include a propagation
medium. Memory 206, in these examples, may be, for
example, a random access memory, or any other suitable
volatile or non-volatile storage device.

[0039] Persistent storage 208 may take various forms,
depending on the particular implementation. For example,
persistent storage 208 may contain one or more devices. For
example, persistent storage 208 may be a hard drive, a tlash
memory, a rewritable optical disk, a rewritable magnetic tape,
or some combination of the above. The media used by per-
sistent storage 208 may be removable. For example, a remov-
able hard drive may be used for persistent storage 208.

[0040] In this example, persistent storage 208 stores data-
base table 218. However, 1t should be noted that persistent
storage 208 may store any type of application, program, mod-
ule, and data utilized by the different illustrative embodi-
ments. Database table 218 1s a relational database table that
stores a plurality of data records 1n a structured format 1n
columns and rows. The data records stored 1n database table
218 may represent any type of data or information and may
include any type of characteristics, attributes, or values.

[0041] Communications unit 210, in this example, provides
for communication with other data processing systems and
computing devices. Communications umt 210 may provide
communications through the use of either or both physical
and wireless communications links. The physical communi-
cations link may utilize, for example, a wire, cable, universal
serial bus, or any other physical technology to establish a
physical communications link for data processing system
200. The wireless communications link may utilize, for
example, shortwave, high frequency, ultra high frequency,
microwave, wireless fidelity (Wi-F1), bluetooth technology,
global system for mobile communications (GSM), code divi-
sion multiple access (CDMA), second-generation (2G),
third-generation (3G), fourth-generation (4G), or any other
wireless communication technology or standard to establish a

wireless communications link for data processing system
200.

[0042] Input/outputunit 212 allows for the input and output
of data with other devices that may be connected to data
processing system 200. For example, iput/output unit 212
may provide a connection for user mput through a keypad, a
keyboard, a mouse, and/or some other suitable imnput device.
Display 214 provides a mechamism to display information to
a user, such as system administrator. In addition, display 214
may include touch screen capabilities to receive user input.

[0043] Instructions for the operating system, applications,
and/or programs may be located in storage devices 216,
which are in communication with processor unit 204 through
communications fabric 202. In this illustrative example, the
instructions are 1n a functional form on persistent storage 208.
These instructions may be loaded into memory 206 for run-
ning by processor unit 204. The processes of the different
embodiments may be performed by processor unit 204 using
computer implemented instructions, which may be located 1n
a memory, such as memory 206. These instructions are
referred to as program code, computer usable program code,
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or computer readable program code that may be read and run
by a processor in processor unit 204. The program code, in the
different embodiments, may be embodied on different physi-
cal computer readable storage devices, such as memory 206
or persistent storage 208.

[0044] Program code 220 1s located 1n a functional form on
computer readable media 222 that 1s selectively removable
and may be loaded onto or transierred to data processing
system 200 for running by processor unit 204. Program code
220 and computer readable media 222 form computer pro-
gram product 224. In one example, computer readable media
222 may be computer readable storage media 226 or com-
puter readable signal media 228. Computer readable storage
media 226 may include, for example, an optical or magnetic
disc that 1s imnserted or placed into a drive or other device that
1s part of persistent storage 208 for transier onto a storage
device, such as a hard drive, that 1s part of persistent storage
208. Computer readable storage media 226 also may take the
form of a persistent storage, such as a hard drive, a thumb
drive, or a flash memory that 1s connected to data processing
system 200. In some istances, computer readable storage

media 226 may not be removable from data processing sys-
tem 200.

[0045] Altematively, program code 220 may be transferred
to data processing system 200 using computer readable signal
media 228. Computer readable signal media 228 may be, for
example, a propagated data signal contaiming program code
220. For example, computer readable signal media 228 may
be an electro-magnetic signal, an optical signal, and/or any
other suitable type of signal. These signals may be transmiut-
ted over communication links, such as wireless communica-
tion links, an optical fiber cable, a coaxial cable, a wire, and/or
any other suitable type of communications link. In other
words, the communications link and/or the connection may
be physical or wireless 1n the 1llustrative examples. The com-
puter readable media also may take the form of non-tangible
media, such as communication links or wireless transmis-
s1ons containing the program code.

[0046] In some illustrative embodiments, program code
220 may be downloaded over a network to persistent storage
208 from another device or data processing system through
computer readable signal media 228 for use within data pro-
cessing system 200. For mstance, program code stored 1n a
computer readable storage media 1n a data processing system
may be downloaded over a network from the data processing,
system to data processing system 200. The data processing
system providing program code 220 may be a server com-
puter, a client computer, or some other device capable of
storing and transmitting program code 220.

[0047] The different components 1llustrated for data pro-
cessing system 200 are not meant to provide architectural
limitations to the manner in which different embodiments
may be implemented. The different illustrative embodiments
may be implemented 1n a data processing system including
components 1n addition to, or 1n place of, those illustrated for
data processing system 200. Other components shown 1n
FIG. 2 can be varied from the illustrative examples shown.
The different embodiments may be implemented using any
hardware device or system capable of executing program
code. As one example, data processing system 200 may
include organic components integrated with 1norganic coms-
ponents and/or may be comprised entirely of organic compo-
nents excluding a human being. For example, a storage device
may be comprised of an organic semiconductor.
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[0048] As another example, a computer readable storage
device 1n data processing system 200 1s any hardware appa-
ratus that may store data. Memory 206, persistent storage
208, and computer readable storage media 226 are examples
of physical storage devices 1n a tangible form.

[0049] In another example, a bus system may be used to
implement communications fabric 202 and may be com-
prised of one or more buses, such as a system bus or an
input/output bus. Of course, the bus system may be 1mple-
mented using any suitable type of architecture that provides
for a transier of data between different components or devices
attached to the bus system. Additionally, a communications
unit may include one or more devices used to transmit and
receive data, such as a modem or a network adapter. Further,
a memory may be, for example, memory 206 or a cache such
as found 1n an interface and memory controller hub that may
be present 1n communications fabric 202.

[0050] In the course of developing illustrative embodi-
ments, 1t was discovered that the process of 1identifying and
maintaining a multitude of indexes for data record queries
incurred a high processing overhead. As a result, a new pro-
cess for speeding up data record queries was explored using
multi-column range summaries on sets of correlated columns
of data records within a database table. A multi-column range
summary 1s a table that identifies ranges of data record values
corresponding to each column of an ordered set of correlated
columns within each different data record group 1dentified 1n
the ordered set of correlated columns. A multi-column data
record range summary table enables the speeding up of a
database query, which has a set of one or more predicates
defined on the ordered set of correlated columuns, by quickly
pruning or eliminating different groups of data records that
are shown 1n the multi-column data record range summary
table to not match the set of query predicates. A query predi-
cate restricts which data record rows within the database table
are returned by the query. In other words, the query predicate
climinates all data record rows from the query result that do
not evaluate to “Irue”. For example, 11 a query predicate
defines a particular data record value or a particular range of
data record values, then only those data record values that
satisly the query predicate are included 1n the result and all
other data record values are pruned or eliminated from the
result.

[0051] A limiting factor with using multi-column range
summaries 1s that data records must be sorted based on the
ordered set of correlated columns and that queries are forced
to have a predicate defined on the first column of the ordered
set of correlated columns. Illustrative embodiments extend
the use of multi-column range summaries by, for example,
pruning or reducing the data record search space and termi-
nating data record searches earlier, thereby supporting a
larger class of queries (1.e., those queries that have predicates
defined on columns other than the first column of an ordered
set of correlated columns). Correlated means that the data
record columns have corresponding or similar attributes,
characteristics, or values.

[0052] Illustrative embodiments utilize coarsification of
data records, 1f needed, within a set of correlated columns.
Coarsification reduces the cardinality (1.e., the number of
distinct or unique values) of data records within a column or
group of data records. For example, coarsification of data
records that include dates, which include day, month, and
year, may drop the day and month values and only keep the
year value for coarsification of the dates. Cardinality refers to
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the uniqueness of data record values contained within a par-
ticular column of a database table. For example, the lower the
cardinality of a column, the more duplicated data record
values are within that column.

[0053] Illustrative embodiments also selectively replicate
subgroups ol data records to generate horizontally aligned
data record groups and subgroups on the set of coarsified and
correlated data record columns. As a result, illustrative
embodiments are able to answer analytical queries efficiently,
as long as the queries have a predicate defined on any of the
correlated columns 1n a set of correlated columns. It should be
noted that a higher correlation between data records within
the set of correlated columns naturally results in a lower
replication of data record subgroups. Thus, illustrative
embodiments utilize a horizontal alignment of data record
groups with their corresponding virtually replicated data
record subgroups using data record coarsification of a set of
correlated columns and selective replication of data record
subgroups to generate aligned data record groups and sub-
groups over the set of correlated columns to speed up analyti-
cal queries. Illustrative embodiments do not store or materi-
alize any of the virtually replicated data record subgroups.
I[llustrative embodiments align the data record groups and
corresponding virtually replicated data record subgroups by
values or content. For example, 11 a data record point query 1s
for data record c,, then illustrative embodiments retrieve all
data record groups and subgroups that include the data record
C,.

[0054] Horizontal data record alignment means that data
records are replicated across multi-column range summaries
to obtain a better sort order through coarsification of data

records within a set of highly correlated columns of data
records. For example, ORDER DATE, INVOICE DATE,

SHIPPING DATE, and PAYMENT DATE columns of a data-
base table are likely to be highly correlated columns based on
a Year value. In determining the sort order, illustrative
embodiments sort a single Year value for all the columns and
the same data record 1dentifier may appear more than once 11
more than one distinct data record value exists across the set
ol correlated columns.

[0055] For example, consider ORDER DATE, INVOICE
DATE, SHIPPING DATE, and PAYMENT DATE as a set of
correlated columns. I a data record row 1ncludes values of
‘2011-1-2°, “2011-1-10°, “2011-1-30°, and °2011-2-10’ for
the respective columns, then i1llustrative embodiments place
that data record row within a YEAR 2011 group of data
records. A group of data records refers to a block, chunk, or
set of data records having same or similar values or charac-
teristics. A query predicate defined on any correlated column
in the set of correlated columns (e.g., on the ORDER DAT.
column, the INVOICE DATE column, the SHIPPING DAT]

column, or the PAYMENT DATE column) for the Year 2011
returns that data record.

[0056] Now, if a data record 1includes the values of 2011-
12-2°, <2011-12-10°, and ‘2011-12-30’ within the ORDER
DATE, INVOICE DATE, and SHIPPING DATE columns and
the PAYMENT DATE column includes the value of <2012-1-
10°, then 1llustrative embodiments place that data record row
within both YEAR 2011 and YEAR 2012 data record groups.
A query predicate defined on any correlated column 1n the set
of correlated columns for the Year 2011, the Year 2012, or
both Years 2011 and 2012 returns that data record. If a data
record row includes the values of ‘2009-1-2°, <2010-1-10°,
‘2011-1-307, and 2012-2-10", respectively, for the correlated

L (L
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columns, then illustrative embodiments place that data record
within each ofthe YEAR 2009, YEAR 2010,YEAR 2011 and
YEAR 2012 data record groups. A query predicate defined on
any correlated column 1n the set of correlated columns for
Year 2009 to YEAR 2012 returns that data record.

[0057] The horizontal data record alignment of i1llustrative
embodiments has a bound or limit on the number of virtual
replications of data records within the set of correlated col-
umns. For example, illustrative embodiments may virtually
replicate a data record at most k—1 number of times, where k
1s the number of correlated columns in the set of correlated
columns. Consequently, illustrative embodiments limit the
number of data record replications. Typically, for a set of
correlated columns, only a few data record outliers will need
to be replicated k number of times. Thus, illustrative embodi-
ments are unlike indexes (and materialized views) in that an
index 1s created on an entire column or no 1ndex 1s created at
all, which essentially 1s an all or nothing replication scheme,
and an mdex does not support selective data record-level
replication. Another benefit of illustrative embodiments 1s
that selective data record replication produces clustered data
records (1mplicit clustered indexes), while indexes may be
unclustered causing significant processing overhead. Also,
horizontal data record alignment allows selective data record
replication only within certain columns (e.g., a set of corre-
lated columns) of a database table.

[0058] It should be noted that multi-column data record
range summaries, with or without horizontal data record
alignment, are beneficial because of lower update costs and
tewer database objects to maintain, which requires less data-
base administrator involvement 1n tuning, maintaining, and
replicating of these objects. In short, the horizontal data
record alignment of 1llustrative embodiments pushes the limit
of multi-column data record range summaries to autono-
mously speed up the processing of analytical queries. Further,
it should be noted that a hybrid approach also 1s possible by
combining the multi-column data record range summaries
with indexes and materialized views. One motivation behind
such a hybrnid approach 1s to utilize the autonomous and
low-maintenance nature of multi-column range summaries
and to utilize fewer instances of indexes and matenalized

views to reduce the maintenance and storage costs associated
with them.

[0059] The horizontal data record alignment of i1llustrative
embodiments may require an extra bit to indicate which data
records are master data records and which are duplicate or
replicated data records at either a data record level or a data
record group level. Illustrative embodiments may utilize the
extra bit to determine whether a data record has already been
read and, therefore, should be skipped. Similar bit validation
mechanisms already exist, such as, for example, to invalidate
deleted records. Alternatively, 1llustrative embodiments may
allocate a few separate pages within each data record group to
maintain replicated data record subgroups, which may be
called mimi-Groups or m-Groups. Thus, illustrative embodi-
ments may distinguish between replicated data record sub-
groups and non-replicated data record groups without any
additional bit checking. In addition, by separating replicated
data record subgroups from non-replicated data record
groups on a group level basis, 1llustrative embodiments may
elficiently skip replicated data record subgroups by consid-
ering both the predicates of a query and the multi-column data
record summaries on the database table. For example, 1f an
illustrative embodiment 1s performing a database table scan,
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then the 1llustrative embodiment may skip all replicated data
record subgroups or m-Groups.

[0060] In general, for data record range queries or data
record point queries, illustrative embodiments may only
search the replicated data record subgroup at the boundary of
the data record groups or the last data record group that
satisfies the data record value range of the query. Illustrative
embodiments may 1gnore the rest of the replicated data record
subgroups. A stronger condition may be applied to account
for gaps 1n the data record value range of the query.

[0061] Alternatively, for data record range queries or data
record point queries, illustrative embodiments may first scan
the multi-column data record range summaries to determine
all matching data record groups within correlated columns
and non-correlated columns that satisfy a query predicate. If
a query predicate 1s defined on a first correlated column 1n a
set of correlated columns, then 1llustrative embodiments may
skip all replicated data record subgroups that correspond to
the matching data record groups. In other words, all data
records searched for based on the query predicate are 1n the
matching non-replicated data record groups, so illustrative
embodiments do not have to search any corresponding repli-
cated data record subgroups. If no query predicate 1s defined
on the first correlated column 1n a set of correlated columns,
then 1llustrative embodiments may scan all replicated data
record subgroups that correspond to the matching data record
groups.

[0062] Also, for each data record in the replicated data
record subgroups, 1f a particular data record 1s included in one
of the matching data record groups, then illustrative embodi-
ments may skip that particular data record because that par-
ticular data record has already been read. Thus, illustrative
embodiments prevent reading the same data record more than
once. Illustrative embodiments may apply a stronger condi-
tion here for skipping an entire replicated data record sub-
group, such as, for example, when determining the presence
ol continuous data record ranges within the multi-column
data record range summaries.

[0063] Thus, illustrative embodiments of the present inven-
tion provide a computer-implemented method, computer sys-
tem, and computer program product for orgamzing data
within a database. In response to a computer determiming that
a group of coarsified data records within a database table 1s
not an aligned group of data records, the computer generates
a virtually replicated subgroup of coarsified data records that
corresponds to the group of coarsified data records from
different groups of coarsified data records within the database
table. In addition, the computer aligns the virtually replicated
subgroup of coarsified data records with the corresponding
group of coarsified data records.

[0064] Withreference now to FIG. 3, a diagram 1llustrating
a process for determining correlated column sets 1s depicted
in accordance with an illustrative embodiment. Determining
correlated column sets process 300 may be implemented 1n a
computer, such as data processing system 200 in FIG. 2.
Determining correlated column sets process 300 utilizes data-

base table 302. Database table 302 may be, for example,
database table 218 1n FIG. 2.

[0065] Database table 302 stores a plurality of data records
in columns and rows, such as columns 304 and rows 306. The
first step 1n horizontal data record alignment 1s 1dentification
ol one or more sets of correlated columns. In this example,
columns A, B, and C within columns 304 are one set of
correlated columns (1.e., correlated column set 308). In addi-
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tion, columns Y and Z within columns 304 are another set of
correlated columns (1.¢., correlated column set 310).

[0066] Determiming correlated column sets process 300
determines a set of correlated columns by analyzing a distri-
bution of data record values within columns 304. Determin-
ing correlated column sets process 300 may determine that a
set of columns are correlated when data records within par-
ticular columns include values that are the same or similar.
Determining correlated column sets process 300 may utilize,
for example, statistical analysis, correlation and frequency
analysis, cardinality analysis, frequently co-occurring set
analysis, and the like to determine the sets of correlated col-
umns. In addition, 1llustrative embodiments may determine a
set of correlated columns based on a history of query work-
loads and query distributions. For example, illustrative
embodiments may utilize frequency of query predicates
defined on a set of correlated columns 1n a query workload,
semantics and ontology of the database table and schema, and

the like.

[0067] Withreference now to FIG. 4, a diagram illustrating
a process for coarsitying correlated column sets 1s depicted in
accordance with an illustrative embodiment. Coarsifying cor-
related column sets process 400 may be implemented in a
computer, such as data processing system 200 in FIG. 2.
Coarsitying correlated column sets process 400 utilizes data-
base table 402, such as database table 302 1n FIG. 3. In this
example, database table 402 includes unique column of data
records 404 1n column A.

[0068] Once 1llustrative embodiments 1dentily a set of cor-
related columns, such as correlated column set 308 of col-
umns A, B, and C i FIG. 3, then coarsitying correlated
column sets process 400 coarsifies data records within the set
of correlated columns to reduce the cardinality of the data
records. Coarsitying correlated column sets process 400
reduces the cardinality of data record values within unique
column of data records 404 to the values shown within coar-
sified column of data records 406. For example, unique col-
umn of data records 404 1n correlated column A includes the
data record values of a, .1, a, k, a, .1, a,.1, a,.k, and a,.1 forrows
1-7, respectively. After coarsification, coarsified column of
datarecords 406 in correlated column A now includes the data
record values of a,, a,, a,, a,, a,, and a, for rows 1-7, respec-
tively. Thus, coarsiiying correlated column sets process 400
reduced the cardinality of data record values 1n correlated
column A of database table 402. As a result of the coarsifica-
tion process to reduce the cardinality of data record values of
correlated column A, coarsified correlated column A now
only includes three different groups of data records (1.e., a,,
a,, and a,) mstead of seven (1.e., a,.1, a, .k, a,.1, a,.1, a,.k, and
a5.1).

[0069] In addition, coarsifying correlated column sets pro-
cess 400 may generate a larger size data record group. Gen-
erating larger data record groups results 1n better alignment of
data record groups and subgroups and more effective query
result pruning. For example, 11 a set of columns are deter-
mined to be correlated and the first correlated column hap-
pens to include unique data record values that are not coarsi-
fied, then each data record group within the set of correlated
columns will consist of at most one tuple. A tuple 1s a single
data record row of the database table. As a result, the multi-
column data record summary table for the set of correlate
columns 1s increased 1n size and the effectiveness of process-
ing analytical queries using the multi-column data record
summary table 1s reduced.
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[0070] Furthermore, coarsifying data record values within
correlated columns may lead to discovering additional corre-
lations among seemingly uncorrelated columns, while the
uncorrelated columns remain in a non-coarsified state or
torm. It should be noted that the process for identitying sets of
correlated columns also may include the process for coarsi-
tying sets of correlated columns. Theretfore, the processes of
identifying and coarsitying correlated columns may not nec-
essarily be linear in order, but may be mter-connected.

[0071] Moreover, coarsitying correlated column sets pro-
cess 400 may reorder data record rows within correlated
columns after coarsification of data record values. For
example, coarsitying correlated column sets process 400 may
logically reorder rows of data records 408 based on data
record values. For example, because data record value b, in
row 3 of correlated column B 1s less than data record value b,
in row 1, coarsitying correlated column sets process 400 may
logically reposition row 3 to where row 1 1s currently posi-
tioned and reposition row 1 to where row 3 1s currently posi-
tioned.

[0072] Withreference now to FIG. 5, a diagram 1llustrating
a process for sorting correlated column sets 1s depicted 1n
accordance with an illustrative embodiment. Sorting corre-
lated column sets process 500 may be implemented 1n a
computer, such as data processing system 200 in FIG. 2.
Sorting correlated column sets process 400 utilizes database
table 502, such as database table 402 in FIG. 4. In this
example, database table 502 1ncludes correlated column set
504, such as correlated column set 308 1n FIG. 3.

[0073] Once 1llustrative embodiments discover and coar-
s1iy columns A, B, and C of correlated column set 504, sorting
correlated column sets process 500 logically reorganizes
database table 502 and sorts all the data records accordingly.
For example, sorting correlated column sets process 500 logi-
cally reorganizes columns A, B, and C into reordered corre-
lated column set 506. Reordered correlated column set 506
includes each of the correlated columns 1n correlated column
set 504 within an ordered contiguous block of correlated
columns. Sorting correlated column sets process 500 logi-
cally positions all other non-correlated columns within data-
base table 502 after the ordered contiguous block of corre-
lated columns. In addition, sorting correlated column sets
process 500 logically sorts and reorders rows of data record
values in columns B, C, and D to produce reordered rows 508.

[0074] Withreference now to FIG. 6, a diagram 1llustrating
a process for generating groups of data records within corre-
lated columns 1s depicted 1 accordance with an illustrative
embodiment. Generating groups of data records within cor-
related columns process 600 may be implemented 1n a com-
puter, such as data processing system 200 in FIG. 2. Gener-
ating groups of data records within correlated columns
process 600 utilizes database table 602. Database table 602
may be, for example, database table 502 with reordered rows
508 1n FIG. 3.

[0075] Once illustrative embodiments identily, coarsity,
and sort correlated columns A, B, and C, generating groups of
data records within correlated columns process 600 logically
segments the data records of correlated columns A, B, and C
into different groups of data records, such as groups of data
records 604. In this example, groups of data records 604
include three different groups of data records (1.¢., data record
group 606, datarecord group 608, and datarecord group 610).

[0076] In this example, generating groups of data records
within correlated columns process 600 logically generates the
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different data record groups based on data record values
within correlated column A. In other words, generating
groups of data records within correlated columns process 600
utilizes column A as a sort column. However, 1t should be
noted that alternative 1llustrative embodiments may generate
the different groups of data records based on data record
values within any or all of the correlated columns or within a
first predetermined number of correlated columns. For
example, generating groups of data records within correlated
columns process 600 may generate the different groups of
coarsified data records based on data record values within the
first k” number of aligned columns (ac) where:

ac={c,C . . ., it

HHC:{C;:H:C;HQ: JEN ,c:‘n},

(mi=acUnac) (acMnac=0).

[0077] Also, 1t should be noted that different illustrative
embodiments may sort data record values at a data record
level or at a data record group level. In this example, data
record group 606 has a data record value of a, 1n rows 1-3 of
column A, while data record group 608 and data record group
610 have data record values of a, inrows 4 and 5 and a, in row
6 of column A, respectively.

[0078] Withreference now to FIG. 7, a diagram illustrating
a process for generating replicated subgroups of data records
1s depicted 1n accordance with an illustrative embodiment.
Generating replicated subgroups of data records process 700
may be implemented 1n a computer, such as data processing
system 200 1n FIG. 2. Generating replicated subgroups of
data records process 700 utilizes database table 702, such as
database table 602 1n FIG. 6.

[0079] Once illustrative embodiments segment database
table 702 into data record group 704, data record group 706,
and data record group 708, such as data record group 606,
data record group 608, and data record group 610 1n FIG. 6,
generating replicated subgroups of data records process 700
aligns logically generated data record groups 704, 706, and
708 based on the set of correlated columns so that any query
that has a predicate defined on any of the correlated columns
can quickly prune or eliminate all the non-qualifying groups
from the query result. Because the sort order and data record
groups are generated based on the data record values within
column A 1n this example, this pruning ability 1s satisfied for
any queries that have at least one predicate defined on column
A or onperfectly aligned correlated columns. However, 1f the
query only has a predicate defined on column C, which 1s a
correlated column, but 1s not perfectly aligned (e.g., all data
record values that satisty the predicate C=c,), then 1t 1s not
suificient to just consider the first group of data records. Other
data record groups must be considered individually because
there 1s a miss alignment between the value of column A and
C 1n the third group and they are not perfectly aligned. In
order to avoid searching multiple data record groups unnec-
essarily, every data record group must be horizontally
aligned. Therefore, any data records with a value C=c, must
be replicated 1nto the first group of data records, which has
correlated column A=a, and correlated column C=c,. It
should be noted that the level of replication 1s proportional to
the degree of correlation and since these columns are selected
with a high degree of correlation, then replication 1s naturally
reduced.

[0080] In this example, generating replicated subgroups of
data records process 700 logically replicates corresponding
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replicated data record subgroup 710 for data record group
704. Replicated data record subgroup 710 corresponds to data
record group 704 based on data record value ¢, 1n row 6 of
correlated column C. In other words, the first data record
group 704 and replicated data record subgroup 710 are now
aligned because group 704 and subgroup 710 include all the
data records within correlated columns A, B, and C that have
the value,. In addition, generating replicated subgroups of
data records process 700 logically replicates corresponding
replicated data record subgroup 712 for data record group
708. Replicated data record subgroup 712 corresponds to data
record group 708 based on data record value ¢; in row 2 of
correlated column C. In other words, the third data record
group 708 and replicated data record subgroup 712 are now
aligned because group 708 and subgroup 712 include all the
data records within correlated columns A, B, and C that have
the value,. Generating replicated subgroups of data records
process 700 does not logically replicate a corresponding data
record subgroup for data record group 706 because data
record group 706 1s a perfectly aligned data record group. In
other words, the second data record group 706 already
includes all of the data records having the value,. As a result,
no replication of data records 1n needed to align data record
group 706.

[0081] Alternative Formalism One: illustrative embodi-
ments may align each group of data records by generating a
virtually replicated aligned data record subgroup such that for
cach data record rel (1.e., horizontal data record alignment) if

Vrel, e =g (rc;)) = Arel g1 ci=grc)rek s,

where g( ) 1s amapping function that maps a data record value
in one domain or correlated column to another domain. It
should be noted that the correlation mapping does not have to
be based on i1dentical data record values. For example, two
seemingly different columns or domains, such as city and zip
code, may 1n fact be correlated. In addition, not every group of
data records has to be aligned. For example, columns may be
correlated selectively only on part of the database table and
only for those data record groups where generating replicated
subgroups of data records process 700 1s applied. Further,
different sets of correlated columns may be i1dentified for
different parts of the database table.

[0082] Alternative Formalism Two: 1llustrative embodi-
ments may align each group of data records by generating a
virtually replicated aligned data record subgroup such that for
cach data record rel (1.e., horizontal data record alignment) 1f

Vrel deycizg(rc,) = Al ;1. c,=g(rc,),reR .,

where g( ) 1s amapping function that maps a data record value
in one domain or correlated column to another domain. It
should be noted that the correlation mapping does not have to
be based on 1dentical data record values. For example, two
seemingly different columns or domains, such as city and zip
code, may 1n fact be correlated. In addition, not every group of
data records has to be aligned. For example, columns may be
correlated selectively only on part of the database table and
only for those data record groups where generating replicated
subgroups of data records process 700 1s applied. Further,
different sets of correlated columns may be i1dentified for
different parts of the database table.

[0083] Withreference now to FIG. 8, a diagram 1llustrating
a process for generating virtual multi-column range summary
and horizontal group alignment tables 1s depicted in accor-
dance with an illustrative embodiment. Generating virtual
multi-column range summary and horizontal group align-
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ment tables process 800 may be implemented 1n a computer,
such as data processing system 200 1n FIG. 2. Generating
virtual multi-column range summary and horizontal group
alignment tables process 800 utilizes database table 802, such

as database table 702 in FIG. 7.

[0084] Once illustrative embodiments virtually generate
replicated data record subgroups for correspond groups of
datarecords, generating virtual multi-column range summary
and horizontal group alignment tables process 800 may gen-
erate multi-column range summary table 804 for horizontal
group alignment table 806. Horizontal group alignment table
806 includes horizontally aligned data record group 808,
perfectly aligned data record group 810, and horizontally
aligned data record group 812. Horizontally aligned data
record group 808 may be, for example, horizontally aligned
data record group 704 and replicated data record subgroup
710 1n FIG. 7. Pertfectly aligned data record group 810 may
be, for example, data record group 706 in FIG. 7 that did not
require replication of a corresponding data record subgroup.
Horizontally aligned data record group 812 may be, for
example, honizontally aligned data record group 708 and
replicated data record subgroup 712 in FIG. 7.

[0085] Multi-column range summary table 804 1s a sum-
mary of data record values across all of the columns (1.e., A,
B, C, D, . ..)of horizontal group alignment table 806 based
on different groups of data records (1.e., the first group with
value a, 1n rows 1-3, the second group with value a, inrows 4
and 5, and the third group with value a, in row 6). It should be
noted that multi-column range summary table 804 also
includes the data record values of replicated subgroups that
correspond to the original non-replicated groups of data
records.

[0086] With reference now to FI1G. 9, a flowchart 1llustrat-
ing a process for organizing database records into different
groups 1s shown 1n accordance with an illustrative embodi-
ment. The process shown in FIG. 9 may be implemented 1n a

computer, such as, for example, data processing system 200
in FIG. 2.

[0087] The process begins when the computer determines a
set of correlated columns of data records within a database
table that includes a plurality of data records stored 1n col-
umns on a persistent storage device coupled to the computer
(step 902). The set of correlated columns within the database
table may be, for example, correlated column set 504 within
database table 502 in FIG. 5. The persistent storage device
coupled to the computer may be, for example, storage 108 1n
FIG. 1 or persistent storage 208 in FIG. 2.

[0088] In addition, the computer virtually coarsifies the
data records 1n the set of correlated columns within the data-
base table to reduce cardinality of the data records in the set of
correlated columns to enable horizontal alignment of data
record groups and subgroups comprising the coarsified data
records (step 904). Afterward, the computer virtually reorga-
nizes the coarsified data records 1n the set of correlated col-
umns within the database table based on coarsified data
record values in each correlated column 1n the set of corre-
lated columns (step 906). The computer also virtually reor-
ganizes the database table by placing each correlated column
in the set of correlated columns adjacent to one another 1n an
ordered contiguous block of columns (step 908). It should be
noted that the computer may perform one or more of steps
904-908 physically instead of virtually.

[0089] Subsequently, the computer determines the data
record groups comprising the coarsified data records based on
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the coarsified data record values 1 a subset of correlated
columns within the set of correlated columns adjacent to one
another (step 910). Further, the computer generates a set of
one or more multi-column data record range summary tables
corresponding to the data record groups comprising the coar-
sified data records (step 912). It should be noted that a multi-
column range summary table may span multiple data record
groups. Furthermore, the computer virtually replicates
selected coarsified data record subgroups within the data
record groups based on the set of one or more multi-column
data record range summary tables (step 914). Then, the com-
puter places each virtually replicated coarsified data record
subgroup with a corresponding data record group to horizon-
tally align the data record groups and subgroups (step 916).
The process terminates thereaiter.

[0090] With reference now to FIGS. 10A-10B, a flowchart

illustrating a process for horizontally aligning data record
groups and replicated subgroups 1s shown 1n accordance with
an 1llustrative embodiment. The process shown in FIGS. 10 A -
10B may be implemented 1n a computer, such as, for example,
data processing system 200 in FIG. 2.

[0091] The process begins when the computer analyzes a
distribution of data record values within a database table that
includes a plurality of data records stored in columns on a
persistent storage device coupled to the computer (step 1002).
Subsequently, the computer determines sets of correlated col-
umns, such as correlated column set 308 and correlated col-
umn set 310 1n FIG. 3, within the database table based on the
analyzed distribution of the data record values within the
database table (step 1004). Afterward, the computer selects a
set of correlated columns from the sets of correlated columns
within the database table based on a selected data record
query workload history (step 1006).

[0092] In addition, the computer virtually orders the
selected set of correlated columns into an ordered contiguous
block of correlated columns at a beginning of the database
table, such as reordered correlated column set 506 1n FIG. 5
(step 1008). The computer also virtually coarsifies data
records within the selected set of correlated columns (step
1010). Then, the computer virtually segments the coarsified
data records within the selected set of correlated columns 1nto
different groups of coarsified data records based on coarsified
datarecord values 1n a subset of correlated columns within the
selected set of correlated columns (step 1012).

[0093] Subsequently, the computer selects a group of coar-
sified data records within the different groups of coarsified
data records (step 1014). Afterward, the computer makes a
determination as to whether the selected group of coarsified
data records 1s a perfectly aligned data record group (step
1016). A pertectly aligned data record group may be, for
example, data record group 706 1n FIG. 7 or perfectly aligned
data record group 810 1n FIG. 8. If the computer determines
that the selected group of coarsified data records 1s a perfectly
aligned data record group, yes output of step 1016, then the
process proceeds to step 1022. I the computer determines
that the selected group of coarsified data records i1s not a
perfectly aligned data record group, no output of step 1016,
then the computer generates a virtually replicated subgroup
of coarsified data records that corresponds to the selected
group of coarsified data records from the different groups of

coarsified data records to enable horizontal alignment of data
records (step 1018).

[0094] In addition, the computer horizontally aligns the
virtually replicated subgroup of coarsified data records with
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the corresponding group of coarsified data records (step
1020). Subsequently, the computer makes a determination as
to whether another group of coarsified data records exists
within the different groups of coarsified data records (step
1022). If the computer determines that another group of coar-
sified data records does exist within the different groups of
coarsified data records, yes output of step 1022, then the
process returns to step 1014 where the computer selects
another group of coarsified data records. If the computer
determines that another group of coarsified data records does
not exist within the different groups of coarsified data records,
no output of step 1022, then the computer makes a determi-
nation as to whether another set of correlated columns exists
within the sets of correlated columns (step 1024).

[0095] If the computer determines that another set of cor-
related columns does exist within the sets of correlated col-
umuns, yes output of step 1024, then the process returns to step
1006 where the computer selects another set of correlated
columns. If the computer determines that another set of cor-
related columns does not exist within the sets of correlated
columns, no output of step 1024, then the process terminates
thereatter.

[0096] Withreference now to FIG. 11, a flowchart 1llustrat-
ing a process for inserting a data record into a database table
1s shown 1n accordance with an 1llustrative embodiment. The
process shown 1n FIG. 11 may be implemented 1n a computer,
such as, for example, data processing system 200 in FIG. 2.

[0097] The process begins when the computer receives an
input to sert a new data record nto a database table that
includes a plurality of data records stored in columns on a
persistent storage device coupled to the computer (step 1102).
Afterward, the computer makes a determination as to whether
the new data record corresponds to a particular group of data
records 1n a set of different groups of data records within the
database table (step 1104). The set of different groups of data
records may be, for example, data record groups 606-610 in
FIG. 6. I the computer determines that the new data record
does correspond to a particular group of data records 1n the set
of different groups of data records within the database table,
yes output of step 1104, then the computer inserts the new
data record into the corresponding group of data records (step
1106). In addition, the computer virtually inserts the new data
record into a virtual set of relevant replicated subgroups of
data records to enable horizontal alignment of data record
groups and subgroups (step 1108). Thereafter, the process
terminates.

[0098] Returning again to step 1104, 11 the computer deter-
mines that the new data record does not correspond to a
particular group of data records 1n the set of different groups
of data records within the database table, no output of step
1104, then the computer generates a new data record group
that corresponds to the new data record within the set of
different groups of data records (step 1110). Afterward, the
computer inserts the new data record within the new data
record group (step 1112). Thereafter, the process returns to
step 1108 where the computer also virtually inserts the new
data record 1nto a virtual set of relevant replicated subgroups
ol data records.

[0099] With reference now to FIG. 12, a flowchart illustrat-
ing a process for deleting a data record from a database table
1s shown 1n accordance with an 1llustrative embodiment. The
process shown in FIG. 12 may be implemented 1n a computer,
such as, for example, data processing system 200 in FIG. 2.
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[0100] The process begins when the computer receives an
iput to delete a data record from a database table that
includes a plurality of data records stored in columns on a
persistent storage device coupled to the computer (step 1202).
Subsequently, the computer deletes the data record from a
corresponding group of data records in a set of different
groups ol data records within the database table (step 1204).
Further, the computer logically deletes the data record from a
virtual set of relevant replicated subgroups of data records to
maintain horizontal alignment of data record groups and sub-
groups (step 1206). Thereafter, the process terminates.
[0101] With reference now to FIG. 13, a flowchart illustrat-
ing a process for updating a data record 1s shown 1n accor-
dance with an 1llustrative embodiment. The process shown 1n
FIG. 13 may be implemented 1n a computer, such as, for
example, data processing system 200 in FIG. 2.

[0102] The process begins when the computer receives an
input to update a data record within a database table that
includes a plurality of data records stored in columns on a
persistent storage device coupled to the computer (step 1302).
In response, the computer deletes the data record from a
corresponding group ol data records 1 a set of different
groups ol data records within the database table (step 1304).
In addition, the computer logically deletes the data record

from a virtual set of relevant replicated subgroups of data
records (step 1306).

[0103] Further, the computer inserts the updated data
record 1nto the corresponding group of data records 1n the set
of different groups of data records within the database table
(step 1308). The computer also virtually inserts the updated
data record into the virtual set of relevant replicated sub-
groups of data records to enable horizontal alignment of data
record groups and subgroups (step 1310). Thereafter, the
process terminates.

[0104] With reference now to FIG. 14, a flowchart illustrat-
ing a process for processing a database query 1s shown 1n
accordance with an illustrative embodiment. The process
shown in FIG. 14 may be implemented 1n a computer, such as,
for example, data processing system 200 1n FIG. 2.

[0105] The process begins when the computer receives an
input to perform a query on a database table that includes a
plurality of data records stored 1in columns on a persistent
storage device coupled to the computer (step 1402). After-
ward, the computer prunes a query result using a multi-col-
umn data record range summary table for the query with a
predicate defined on any correlated column 1n a set of corre-
lated data record columns by examining relevant data record
groups and their corresponding virtually replicated data
record subgroups (step 1404 ). The multi-column data record
range summary table may be, for example, multi-column
range summary table 804 in FIG. 8.

[0106] Further, the computer makes a determination as to
whether the query 1s a data record point query (step 1406). It
the computer determines that the query 1s a data record point
query, ves output of step 1406, then the computer searches a
relevant data record group and its corresponding virtual rep-
licated data record subgroup for a result that satisfies the
query predicate (step 1408). Subsequently, the computer
returns the query result (step 1410). Thereafter, the process
terminates.

[0107] Returning again to step 1406, 11 the computer deter-
mines that the query 1s not a data record point query, no output
of step 1406, then the computer makes a determination as to
whether the query 1s a data record range query (step 1412). IT
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the computer determines that the query 1s a data record range
query, yes output of step 1412, then the computer searches all
relevant data record groups and all their corresponding virtual
replicated data record subgroups that fall at a boundary of a
range of the query predicate for a result that satisfies the query
predicate (step 1414). Thereaiter, the process returns to step
1410 where the computer returns the query result.

[0108] Returning again to step 1412, 11 the computer deter-
mines that the query 1s not a data record range query, no
output of step 1412, then the computer makes a determination
as to whether the query 1s a data record scan query (step
1416). If the computer determines that the query 1s a data
record scan query, yes output of step 1416, then the computer
searches all data record groups for a result that satisfies the
query predicate and 1gnores all corresponding virtual repli-
cated data record subgroups (step 1418). Thereafter, the pro-
cess returns to step 1410 where the computer returns the
query result. If the computer determines that the query 1s not
a data record scan query, no output of step 1416, then the
process terminates thereatter.

[0109] Thus, illustrative embodiments provide a computer-
implemented method, computer system, and computer pro-
gram product for processing analytical database queries using
a multi-column range summary table of horizontally aligned
data record groups and subgroups within a set of correlated
columns of data records. As a result, 1llustrative embodiments
decrease processing time associated with analytical queries
through data record skipping using the multi-column range
summary table and not using indexes. In addition, illustrative
embodiments decrease update overhead costs because
indexes are not utilized by the 1llustrative embodiments.

[0110] The descriptions of the various embodiments of the
present invention have been presented for purposes of illus-
tration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations
will be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the described embodi-
ment. The terminology used herein was chosen to best explain
the principles of the embodiment, the practical application or
technical improvement over technologies found in the mar-
ketplace, or to enable others of ordinary skill in the art to
understand the embodiments disclosed here.

[0111] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of pos-
sible 1mplementations of systems, methods and computer
program products according to various embodiments of the
present invention. In this regard, each block 1n the tlowchart
or block diagrams may represent a module, segment, or por-
tion of code, which comprises one or more executable
instructions for implementing the specified logical function
(s). It should also be noted that, in some alternative imple-
mentations, the functions noted in the block may occur out of
the order noted 1n the figures. For example, two blocks shown
1In succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed 1in the reverse
order, depending upon the functionality mvolved. It will also
be noted that each block of the block diagrams and/or flow-
chart 1llustration, and combinations of blocks in the block
diagrams and/or tlowchart illustration, can be implemented
by special purpose hardware-based systems that perform the
specified functions or acts, or combinations of special pur-
pose hardware and computer instructions.
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What 1s claimed 1s:

1. A computer-implemented method for organizing data
within a database, the computer-implemented method com-
prising:

responsive to a computer determining that a group of coar-

sified data records within a database table 1s not an
aligned group of data records, generating, by the com-
puter, a virtually replicated subgroup of coarsified data
records that corresponds to the group of coarsified data
records from different groups of coarsified data records
within the database table; and

aligning, by the computer, the virtually replicated sub-

group of coarsified data records with the corresponding
group of coarsified data records.

2. The computer-implemented method of claim 1, further
comprising:

receiving, by the computer, an input to perform a query on

the database table; and

pruning, by the computer, a query result using a set of one

or more multi-column data record range summary tables

for the query with a predicate defined on any correlated
column 1n a set of correlated columns of data records
within the database table by examining relevant data
record groups and their corresponding virtually repli-
cated data record subgroups in the set of one or more
multi-column data record range summary tables.

3. The computer-implemented method of claim 2, further
comprising;
responsive to the computer determining that the query 1s a
data record range query, searching, by the computer, all
relevant data record groups and all their corresponding
virtually replicated data record subgroups that fall at a

boundary of arange of a query predicate for a result that
satisfies the query predicate.

4. The computer-implemented method of claim 1, further
comprising;

responsive to the computer determining that a new data

record corresponds to a particular group of data records

in a set of different groups of data records within the

database table, inserting, by the computer, the new data

record into the corresponding group of data records; and

inserting, by the computer, the new data record mto a
virtual set of replicated subgroups of data records to
align data record groups and subgroups.

5. The computer-implemented method of claim 1, further
comprising;
receiving, by the computer, an input to delete a data record
from the database table;

deleting, by the computer, the data record from a corre-
sponding group ol data records in a set of different
groups ol data records within the database table; and

deleting, by the computer, the data record from a virtual set
of replicated subgroups of data records to maintain
alignment of data record groups and subgroups.

6. The computer-implemented method of claim 1, further
comprising;
receiving, by the computer, an input to update a data record
within the database table:

deleting, by the computer, the data record from a corre-
sponding group ol data records in a set of different
groups ol data records within the database table;

deleting, by the computer, the data record from a virtual set
of replicated subgroups of data records;
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inserting, by the computer, the updated data record into the
corresponding group of data records 1n the set of differ-
ent groups of data records within the database table; and
inserting, by the computer, the updated data record into the
virtual set of replicated subgroups of data records to
align data record groups and subgroups.
7. The computer-implemented method of claim 1, further
comprising;
determiming, by the computer, a set of correlated columns
of data records within the database table;
virtually coarsitying, by the computer, the data records 1n
the set of correlated columns to reduce cardinality of the
data records 1n the set of correlated columns;
virtually reorganizing, by the computer, the coarsified data
records in the set of correlated columns based on coar-
sified data record values 1n each correlated column;
determining, by the computer, data record groups compris-
ing the coarsified data records based on the coarsified
data record values 1n a subset of correlated columns
within the set of correlated columns: and
generating, by the computer, a set of one or more multi-
column data record range summary tables correspond-
ing to the data record groups comprising the coarsified
data records.
8. The computer-implemented method of claim 7, further
comprising;
analyzing, by the computer, a distribution of data record
values within the database table to determine the set of
correlated columns of data records.
9. The computer-implemented method of claim 7, turther
comprising;
virtually ordering, by the computer, the set of correlated
columns of data records into an ordered contiguous
block of correlated columns at a beginning of the data-
base table.
10. The computer-implemented method of claim 7, further
comprising:
virtually segmenting, by the computer, the coarsified data
records within the set of correlated columns into the
different groups of coarsified data records based on the
coarsified data record values 1n the subset of correlated
columns within the set of correlated columns.
11. A computer system for organizing data within a data-
base, the computer system comprising;:

a bus system;

a storage device connected to the bus system, wherein the
storage device stores computer readable program code;
and

a processor unit connected to the bus system, wherein the
processor unit executes the computer readable program
code to generate a virtually replicated subgroup of coar-
sified data records that corresponds to a group of coar-
sified data records from different groups of coarsified
data records within a database table 1n response to deter-
mining that the group of coarsified data records within
the database table 1s not an aligned group of data records;
and align the virtually replicated subgroup of coarsified
data records with the corresponding group of coarsified
data records.

12. The computer system of claim 11, wherein the proces-
sor unit further executes the computer readable program code
to receive an 1mput to perform a query on the database table;
and prune a query result using a set of one or more multi-
column data record range summary tables for the query with
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a predicate defined on any correlated column 1n a set of
correlated columns of data records within the database table
by examining relevant data record groups and their corre-
sponding virtually replicated data record subgroups 1n the set
of one or more multi-column data record range summary
tables.

13. The computer system of claim 12, wherein the proces-
sor unit further executes the computer readable program code
to search all relevant data record groups and all their corre-
sponding virtually replicated data record subgroups that fall
at a boundary of a range of a query predicate for a result that
satisfies the query predicate 1n response to determining that a
query 1s a data record range query.

14. The computer system of claim 11, wherein the proces-
sor unit further executes the computer readable program code
to insert a new data record 1nto a corresponding group of data
records 1n response to determiming that the new data record
corresponds to a particular group of data records 1n a set of
different groups of data records within the database table; and
insert the new data record ito a virtual set of replicated
subgroups of data records to align data record groups and
subgroups.

15. The computer system of claim 14, wherein the proces-
sor unit further executes the computer readable program code
to recerve an mnput to delete a data record from the database
table; delete the data record from a corresponding group of
data records 1n a set of diflerent groups of data records within
the database table; and delete the data record from a virtual set
of replicated subgroups of data records to maintain alignment
of data record groups and subgroups.

16. A computer program product stored on a computer
readable storage medium having computer readable program
code encoded thereon that 1s executable by a computer for
organizing data within a database, the computer program
product comprising:

computer readable program code to generate a virtually

replicated subgroup of coarsified data records that cor-
responds to a group of coarsified data records from dif-
ferent groups of coarsified data records within a data-
base table 1n response to determining that the group of
coarsified data records within the database table 1snotan
aligned group of data records; and

computer readable program code to align the virtually rep-

licated subgroup of coarsified data records with the cor-
responding group of coarsified data records.

17. The computer program product of claim 16, further
comprising;

computer readable program code to recetve an input to

perform a query on the database table; and

computer readable program code to prune a query result

using a set of one or more multi-column data record
range summary tables for the query with a predicate
defined on any correlated column 1n a set of correlated
columns of data records within the database table by
examining relevant data record groups and their corre-
sponding virtually replicated data record subgroups in
the set of one or more multi-column data record range
summary tables.

18. The computer program product of claim 17, further
comprising;

computer readable program code to search all relevant data

record groups and all their corresponding virtually rep-
licated data record subgroups that fall at a boundary of a
range ol a query predicate for a result that satisfies the
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query predicate in response to determining that a query
1s a data record range query.
19. The computer program product of claim 16, further
comprising;
computer readable program code to insert a new data
record into a corresponding group of data records 1n
response to determining that the new data record corre-
sponds to a particular group of data records 1n a set of
different groups of data records within the database
table; and
computer readable program code to mnsert the new data
record 1nto a virtual set of replicated subgroups of data
records to align data record groups and subgroups.
20. The computer program product of claim 16, further
comprising;
computer readable program code to recerve an 1put to
delete a data record from the database table;
computer readable program code to delete the data record
from a corresponding group of data records in a set of
different groups of data records within the database
table; and
computer readable program code to delete the data record
from a virtual set of replicated subgroups of data records
to maintain alignment of data record groups and sub-
groups.
21. The computer program product of claim 16, turther
comprising:
computer readable program code to recetve an mput to
update a data record within the database table;
computer readable program code to delete the data record
from a corresponding group of data records in a set of
different groups of data records within the database
table;
computer readable program code to delete the data record
from a virtual set of replicated subgroups of data
records:
computer readable program code to 1nsert the updated data
record 1nto the corresponding group of data records in
the set of different groups of data records within the
database table; and
computer readable program code to 1nsert the updated data
record into the virtual set of replicated subgroups of data
records to align data record groups and subgroups.
22. The computer program product of claim 16, turther
comprising;
computer readable program code to determine a set of
correlated columns of data records within the database
table;
computer readable program code to virtually coarsity the
data records 1n the set of correlated columns to reduce
cardinality of the data records in the set of correlated
columns;
computer readable program code to virtually reorganize
the coarsified data records in the set of correlated col-
umns based on coarsified data record values in each
correlated column;
computer readable program code to determine data record
groups comprising the coarsified data records based on
the coarsified data record values 1n a subset of correlated
columns within the set of correlated columns; and
computer readable program code to generate a set of one or
more multi-column data record range summary tables
corresponding to the data record groups comprising the
coarsified data records.
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23. The computer program product of claim 22, further
comprising;
computer readable program code to analyze a distribution
of data record values within the database table to deter-
mine the set of correlated columns of data records.
24. The computer program product of claim 22, further
comprising;
computer readable program code to virtually order the set
of correlated columns of data records into an ordered
contiguous block of correlated columns at a beginning
of the database table.
25. The computer program product of claim 22, further
comprising;
computer readable program code to virtually segment the
coarsified data records within the set of correlated col-
umuns 1nto the different groups of coarsified data records
based on the coarsified data record values 1n the subset of
correlated columns within the set of correlated columns.
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