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(57) Abstract: According to embodiments of the present invention, meth-
ods, systems and computer- readable media are presented for scanning a
plurality of storage regions within memory for a specified quantity of results,
wherein each storage region is associated with an interval including first and
second interval values indicating a value range for values within that storage
region. The techniques comprise sorting the first interval values into an or-
der, wherein the order of the first interval values determines a scanning order
for the plurality of storage regions, determining a result value, wherein the
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quantity of results, and examining the sorted first interval values and scan-
ning corresponding individual storage regions in response to a comparison
of the determined result value with the first interval value of that storage re-
gion. In some embodiments, scanning exits upon establishing that the spe-
cified quantity of results has been achieved and that a first interval value in a
list of sorted first interval values is greater than the determined result value.
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A METHOD, SYSTEM AND COMPUTER PROGRAM FOR SCANNING A
PLURALITY OF STORAGE REGIONS WITHIN MEMORY FOR A SPECIFIED
QUANTITY OF RESULTS

TECHNICAL FIELD

[0001] Present invention embodiments relate to reducing computational workload for
query evaluation, and more specifically, to reducing computational workload by utilizing

information in zone maps to govern conditional exits from table scans.

DISCUSSION OF THE RELATED ART

[0002] Searching for information using a query may result in a search of a large database
table. Information stored in a large database table is typically not maintained in sorted form
due to heavy computational cost associated with sorting and reorganizing. Indexing, which
maps a set of data values onto a set of records that relate to those data values, may be used to
provide the effect of storing the data in sorted order. However, distributed data warehouses
that store large database tables may split a set of records across multiple storage disks, and
co-locating a portion of the index that maps a given data value with the records that relate to
that data value may require additional network overhead, leading to poor latency and

increased computational workload.

[0003] When query evaluation requires scanning a large table, some data warehouse

management systems may maintain metadata about each region of table storage.

[0004] US 8572091 discloses that a system that implements a scaleable data storage
service may maintain tables in a non-relational data store on behalf of service clients. Please

see the abstract, figures 1-25, col 1, lines 5-26, col 45, lines 1-67 and claims 1-35.

[0005] US 8296306 relates to an algorithm that retrieves only k data elements having the

largest (or smallest) key values from a dataset (i.e., top-k results) in a time linearly
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proportional to the size of the dataset. Please see the abstract, figures 1-2, col 2, lines 5-67,

col 3, lines 1-67 and claims 1-14.

[0006] US 8239404 describes a graph traversal that efficiently identifies strongly
connected components with entries, exits, and corresponding edges at the same time. Entry
and exit nodes can be recognized by scanning every node after the strongly connected
components have been identified, but revisiting these nodes incurs undesirable overhead.

Please see the abstract, figures 1-4, col 1, lines 5-67, col 2, lines 1-5, and claims 1-11.

[0007] US 8204873 discloses a method for optimizing a query expression on a database
engine of a database server. Please see the abstract, figures 1-20, col 1, lines 5-43, col 12,

lines 1-67 and claims 1-15

[0008] US 8010766 discloses a method, information processing system, and computer
readable medium for managing table scan processes. Please see the abstract, figures 1-10,

col 2, lines 65-67, col 8, lines 1-67 and claims 1-20.

[0009] US 6154740 discloses a system for, and method of, displaying a sorted list on a
display device and a computer incorporating the system or the method. Please see the

abstract, figures 1-3, col 1, lines 5-67, col 2, lines 1-47 and claims 1-20.

[0010] US 6973452 discloses that a large information space is divided into many smaller
information extents. These extents are annotated with statistics about the information they
contain. When a search for information includes a restriction based on value, the desired
value ranges can be compared to the value ranges of each extent. If the desired value range
lies outside the range of the extent, then the extent cannot hold the desired value and does

not need to be included in the search.

[0011] US 20130251235 discloses a system for automatically processing and sorting
documents related to gaming. Please see the abstract, figures 1-5, lines [0018]-[0052],
[0055]-[0062] and claims 1-38.
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[0012] US 20130046784 discloses a method and system of matching a string of symbols
to a ruleset. Please see the abstract, figures 1-4, lines [0005]-[0007], [0044]-[0050] and

claims 1-10.

[0013] In US 20120330954 a system that implements a scalable data storage service may
maintain tables in a non-relational data store on behalf of clients. Please see the abstract,

figures 1-25, lines [0001]-[0003], [0170]-[0178] and claims 1-35.

[0014] US 20120317128 discloses a method and an apparatus for optimally processing N
sort queries in a multi-range scan, including: allocating a buffer based on a first number of
extracted records included in the queries; extracting first data related to first attributes in a
first list included in the queries and storing the extracted first data in the buffer; extracting
second data related to the first attributes that are not extracted in the first list included in the
queries; and updating the buffer so as to satisfy the queries by comparing the data stored in
the buffer with the second data, wherein the queries are N sort queries in a multi-range scan
for at least one record sorted based on the first attributes and second attributes. Please see

the abstract, figures 1-7, lines [0003]-[0018], [0029]-[0092] and claims 1-20.

[0015] US 20110082854 discloses methods and systems for query optimization for a
multi-tenant database system. Please see the abstract, figures 1-9, lines [0002]-[0010],
[0106]-[0125] and claims 1-45.

[0016] Other documents of interest are listed below:

[0017] HERODOTOU et al.;” A SQL-Tuning-Aware Query Optimizer”, Proceedings of
the VLDB Endowment, Vol 3, No. 1, 13-17 September, 2010, Pages 1-12.

[0018] IP.COM et al.; “Method And System of Restructuring Imperfect Loop Nest With
Early Exits to Facilitate Locality Transformations”, IPCOMO000232309D, October, 2013,
Pages 1-7.
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[0019] IP.COM et al ; “System And Method For GROUP BY With IN-LIST Subquery
Optimization”, IPCOMO000229573D, August 6, 2013, Pages 1-6.

[0020] GRAEFE; “Fast Loads and Fast Queries”, Springer —Verlag, Berlin, Heidelberg,
DaWakK 2009, LNCS 5691, pp. 111-124.

BRIEF SUMMARY

[0021] According to a first aspect, there is provided a computer-implemented method for
scanning a plurality of storage regions within memory for a specified quantity of results,
wherein each storage region is associated with an interval including first and second interval
values indicating a value range for values within that storage region, the computer-
implemented method comprising: sorting the first interval values into an order, wherein the
order of the first interval values determines a scanning order for the plurality of storage
regions; determining a result value, wherein the result value is an upper bound, a lower
bound, or is outside of the specified quantity of results; and examining the sorted first
interval values and scanning corresponding individual storage regions, as needed, in
response to a comparison of the determined result value with the first interval value of that

storage region.

[0022] According to a second aspect, there is provided a system comprising: a memory
comprising a plurality of storage regions, wherein each storage region is associated with an
interval including first and second interval values indicating a value range for values within
that storage region; a network interface; and a processor configured to: sort the first interval
values into an order, wherein the order of the first interval values determines a scanning
order for the plurality of storage regions; determine a result value, wherein the result value is
an upper bound, a lower bound, or is outside of a specified quantity of results; and examine
the sorted first interval values and scan corresponding individual storage regions, as needed,
within memory for the specified quantity of results in response to a comparison of the

determined result value with the first interval value of that storage region.
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[0023] According to a third aspect, there is provided a computer program product for
providing information to a user, comprising a computer readable storage medium having
computer readable program code embodied therewith, the computer readable program code,
when executed by a processor, causes the processor to: sort, for a plurality of storage regions
within memory, each storage region associated with an interval including first and second
interval values indicating a value range for values within that storage region, the first interval
values into an order, wherein the order of the first interval values determines a scanning
order for the storage regions; determine a result value, wherein the result value is an upper
bound, a lower bound, or is outside of a specified quantity of results; and examine the sorted
first interval values and scan corresponding individual storage regions, as needed, in
memory for the specified quantity of results in response to a comparison of the determined

result value with the first interval value of that storage region.

[0024] In other embodiments, the techniques disclosed herein may include sorting the

second interval values.

[0025] According to an embodiment, there is provided a solution for early exit from

table scans of loosely ordered and/or grouped relations using nearly ordered maps.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0026] Generally, like reference numerals in the various figures are utilized to designate

like components.

[0027] Embodiments of the present invention will now be described, by way of example

only, and with reference to the following drawings:

Figure 1 is an illustration of an example computing environment for use with an embodiment

of the present invention;

Figure 2A is an illustration of an example of regions (extents) of table storage according to

an embodiment of the present invention;
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Figure 2B is an illustration of an example of metadata corresponding to regions of table

storage according to an embodiment of the present invention;

Figure 3 is a procedural flow chart generally illustrating use of metadata associated with a
storage region to determine whether to scan the storage region, according to an embodiment

of the present invention;

Figures 4A-4B are a more specific procedural flow chart based upon the flow chart of Fig. 3
and illustrating a manner in which metadata may be used to govern conditional exits from

table scans according to an embodiment of the present invention;

Figure 5 is another procedural flow chart illustrating a manner in which metadata associated
with storage regions may be updated as records in storage regions are added or deleted

according to an embodiment of the present invention;

Figure 6 is an example of a system/apparatus according to an embodiment of the present

invention.

DETAILED DESCRIPTION

[0028] Data warehouse queries may frequently sort and limit a set of result values to a
subset of result values. Typical methods include scanning large data tables to find results in
response to a query, sorting and/or aggregating the results, and discarding all but, e.g., a set

of top-N results, where N is any integer, e.g., 50.

[0029] When a large table is stored on disk, it may be large enough or fragmented
enough that it becomes time consuming to move the disk head to many different disk regions
to search the large table. Metadata corresponding to a region of storage may be used to
characterize table data contained within the region of storage. For example, a first interval
value may represent a minimum data value for each column, for each range of rows, and a
second interval value may represent a maximum data value for each column, for each range

of rows. Both the first and second interval values represent types of metadata that may be
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determined for various regions of storage, and (in combination with additional types of
information) may also be referred to as "zone maps". The use of zone maps to identify
particular data ranges within a storage region, according to present invention embodiments,
reduces disk scan time and computational load. It should be noted that minimum values and
maximum values of the zone map may be conservative. In other words, a minimum value of
a zone map entry may be less than the actual minimum for the corresponding storage region
of data (e.g., due to a record deletion, etc.), and similarly, a maximum value of a zone map

entry may be greater than the actual maximum for the corresponding storage region of data.

[0030] Embodiments of the present invention provide techniques to utilize zone maps to
exit early from query evaluation upon meeting a specified condition. By sorting a list of
minimum data values (also referred to as first interval values) of zone maps, or alternatively,
a list of maximum data values (also referred to as second interval values), a table scan may
exit, e.g., stop reading a table, after determining that all results which can possibly be part of
a top-N sort have been identified. Thus, the techniques disclosed herein may reduce
computational demands from I/O operations, such as read/write operations. In preferred
embodiments, the techniques presented herein apply to queries which include a top-N sort,

i.e., an "ORDER BY" clause followed by a "LIMIT" clause.

[0031] With reference now to Fig. 1, an example computing environment for use with
present invention embodiments is illustrated. Specifically, the environment includes one or
more client or end-user systems 100 and one or more server systems 110 and 120. Host
server system 110 and information server 120 may be remote from each other and
communicate over a network 130. Query requests, originating from client system 100 may
be transmitted to information server 120 to search stored data on database storage unit 140.
Network 130 may be implemented by any number of any suitable communications media
(e.g., wide area network (WAN), local area network (LAN), Internet, Intranet, etc.).
Alternatively, server systems 110 and 120 may be local to each other, and communicate via
any appropriate local communication medium (e.g., local area network (LAN), hardwire,

wireless link, Intranet, etc.). Network interface units are shown at 112 and 122.
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[0032] Client system(s) 100 enable users to submit documents (e.g., documents for
document collections, documents for analysis, etc.) to information server system 120 for
storage in a database storage unit. As discussed herein, documents (or other information)

may be added to existing database storage as storage regions (also referred to as extents).

[0033] Database storage unit 140 may store information for analysis (e.g., results for a
top-N search, etc.), and may be implemented by any conventional or other database or
storage unit. Database storage unit 140 may be local to or remote from information server
120, and may communicate via any appropriate communication medium (e.g., local area
network (LAN), wide area network (WAN), Internet, hardwire, wireless link, Intranet, etc.).
Client system 100 may present a graphical user (e.g., GUI, etc.) or other interface (e.g.,
command line prompts, menu screens, etc.) to solicit information from users pertaining to
the desired documents and analysis, and may provide reports including analysis of results

(e.g., text analytics, search results, profile scores, etc.).

[0034] A plurality of database storage units 140 may be present in a data warehouse. An
information server 120 may store and retrieve information from database storage unit 140, at
the direction of host server 110. Host server 110 receives requests from and replies to client
system 100. In one embodiment, the memory space within database storage unit 140 may be
divided into several partitions, including a primary partition for storing user information, a
mirror partition for storing a backup copy of the primary information, a temporary partition
for holding intermediate results at the direction of information server 120, and a core
partition for holding information about the physical layout of information within the

database storage unit 140.

[0035] Referring to Fig. 2A, an embodiment of the invention operates by dividing a large
space of information 160 into multiple smaller regions of information 170 and 180 (also
referred to as "extents" or "storage regions"). Each extent may be further subdivided into a
number of contiguous fixed size or variable size sub-extent blocks. An advantage of using
fixed sizes is that certain computations become faster and less complex. In alternative
embodiments of the invention, fixed sizes may also be changed dynamically, based on size

or other characteristics of the overall database. Variable block sizes may be dynamically
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modified based on, e.g., a type of attribute. For example, if the minimum data value (also
called first interval values) and the maximum data value (also called second interval values)
refer to time stamp data, a size of the extent may be varied so that all data for a particular
time period is stored in one data block. A block is the smallest unit of transfer between the
database storage unit 140 holding the entire information space and the information server
120 capable of examining and manipulating the information. In one embodiment, a block

may be 128K bytes, but other sizes could work as well.

[0036] An extent 170, 180 is a convenient unit of storage allocation, so that as an
information space grows, its growth is quantized into units of extents. While the address
space within an extent is contiguous (i.e., no holes) an information space 160 may consist of
discontiguous extents, as there is no requirement that a later allocation of an extent should
produce an address range that bears any fixed relationship to the address range of any earlier

allocation.

[0037] Referring to Fig. 2B, an embodiment of the present invention annotates extents
with statistics (e.g., metadata) about the information the extent contains, and this information
may be stored as entries in a nearly ordered map table or list 200. As shown in Fig. 2B,
nearly ordered map table 200 shows a structure comprising a table identifier 210, a column
index 220, a minimum data value 230, a maximum data value 240, and an extent identifier
250. Multiple entries of metadata are shown at 260(1) — 260(N). The table identifier 210
uniquely designates an information space, which may correspond to, e.g., a relational
database table. In one embodiment, it is a 4-byte numeric value, which uniquely identifies a
relational database table. The column index 220 uniquely identifies a particular class of
information within the information space identified by the table identifier 210. In one
embodiment, column index 220 is a 2-byte numeric value that denotes a column in the
relational table identified by the table identifier 210. In another embodiment, the column
index value 220 may correspond to the order in which columns are defined within the

relational table.

[0038] In one embodiment of the invention, the minimum data value 230 and the

maximum data value 240 may be 8-byte quantities that can hold different types of data
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values, including dates, times, date-times, integer values, etc. The actual types of data held
by the minimum data value and the maximum data value are specified in the definition of the
column that is denoted by the column index 220. In one embodiment, the extent identifier
250 may be a 2-byte numeric value, which designates a particular extent within the
information space as designated by table identifier 210. Larger storage partitions would use

either 4-byte extent identifiers or larger extents.

[0039] Minimum data value 230 and maximum data value 240 correspond to the
minimum and maximum data values for particular kinds of information within an extent.
When a query evaluation for information includes a restriction based on a value, the value
can be compared to the metadata associated with each extent, e.g., the minimum data value
of each extent, to determine if the extent should be searched. These techniques are described

below in conjunction with Figs. 3 and 4.

[0040] Zone maps typically utilize a small amount of disk space, may be co-located with
the corresponding data that they describe, introduce a minimal amount of computational
latency into the system, and may be maintained without sophisticated database
administration experience. It is noted that the concept of zone maps are not limited to the
particular types of metadata information shown in Fig. 2. Additional types of metadata
information, used to characterize a region of storage (extent) are understood to fall within the

scope of the embodiments disclosed herein.

[0041] Fig. 3 provides a general overview of embodiments of the present invention.
Operation 310 scans a plurality of storage regions within memory for a specified quantity of
results, wherein each storage region is associated with an interval including first and second
interval values indicating a value range for values within that storage region. At operation
320, the first interval values are sorted into an order, wherein the order of the first interval
values determines a scanning order for the plurality of storage regions, e.g., in ascending or
descending order. At operation 330, a result value is determined, wherein the result value is
an upper bound, a lower bound, or is outside of the specified quantity of results. At

operation 340, the sorted first interval values are examined, and corresponding individual
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storage regions are scanned in response to a comparison of the determined result value with

the first interval value of that storage region.

[0042] Referring to Figs. 4A-4B, an example flow chart of a more detailed series of
operations provided in the flow chart of Fig. 3 is shown. It is understood that the techniques
provided herein may encompass alternate orderings of one or more of the operations shown
in Figs. 4A-4B. For example, different orderings of operations may occur to achieve the

same result and are encompassed by the techniques disclosed herein.

[0043] Present invention embodiments may be applied to queries including a top-N sort
(e.g., via “ORDER BY” combined with “LIMIT N” clauses). Top-N sorts generally utilize a
partial sorting algorithm to sort an array of m elements, such that the top-N result(s) contain
the smallest values of elements m, if sorted, e.g., in ascending order. In general, top-N sorts
contain a subset of elements of the array of m elements, provided that the number of
elements m is greater than the number of top-N elements. While partial sort algorithms save
much of the work associated with sorting when only top results are wanted, such algorithms

do not reduce workload on I/O operations such as read/write.

[0044] Present invention embodiments may also be applied to queries including a
grouping operation followed by a top-N sort (e.g., via "GROUP BY", "ORDER BY", and/or
"LIMIT N" clauses, wherein the order is determined by any subset of the grouping columns),

if the aggregation data structures are maintained as in a top-N sort.

[0045] Present invention embodiments may also encompass performing grouping using a
top-N sort data structure, in which the best N groups are retained. For example, a query may
perform a grouping operation on one or more columns, e.g., "SELECT ... GROUP BY A,
B". The results of the grouping operation may be sorted, such that the sort keys are a subset
of the grouping keys — e.g., "ORDER BY A", "ORDER BY B", or "ORDER BY A, B".
Finally, the results may be limited, as in "LIMIT 10". (New records may be grouped by
finding an existing group to which they belong, or by creating a new group). Groups may be
identified based upon one or more sort keys (e.g., such as equality to one or more sort keys),

and a specified quantity of results comprises distinct groups (e.g., generally, a specified
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quantity of results will be a specified quantity of distinct groups). Similar to a top-N sort
without a "GROUP BY" operation, scanning storage regions can be avoided in cases in
which a minimum value of a storage region for an ascending sort exceeds a current worst
grouping key in the top-N data structure, or in a descending sort in which a maximum value

of a storage region is less than a current worst grouping key in the top-N sort data structure.

[0046] It is also understood that zone maps are not intended to be limited to a single first
interval value or a single second interval value, but may contain multiple intervals, each

corresponding to a minimum value and a maximum value for a particular type of data.

[0047] Referring again to Fig. 4A, at operation 410, a query request is received. At
operation 420, it is determined whether or not metadata (e.g., a zone map) has been created
for each storage region and is up to date. At operation 425, zone maps are created/updated if
not already present. At operation 430, storage regions/extents relevant to the query (to be
scanned) are determined, and a list is built/created containing metadata characterizing these
relevant storage regions. At operation 440, this list of regions may be sorted, prior to
performing /O operations, using the column which is the primary sort key for the top-N sort,
in ascending or descending order. As an example of producing a list of storage regions to be
processed, if a storage region is known to contain records with column values between 100
and 200 (e.g., as indicated in zone map metadata), then when a query with range values
outside of the known range (e.g., a query with a value of 500) is evaluated, the evaluation
can eliminate the entire storage region from being scanned. As discussed herein, zone maps
store, €.g., a minimum data value and a maximum data value for each column, for each range
of rows. Thus, it is the order of the zone map data in the sorted list that determines the order
of the table scan. The data contained within the information space does not need to be

ordered, partially ordered, or bucketed with respect to the sort column.

[0048] If a top-N sort prefers small values (e.g., an ascending sort), then the list of
storage regions may be sorted by minimum data values (i.e., first interval values), and
regions without small values will be moved to the end of the list. If a top-N sort prefers

large values (e.g., a descending sort), then the list of storage regions may be sorted by
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maximum data values (i.e., second interval values), and regions without large values will be

moved to the end of the list.

[0049] At operation 450 of Fig. 4B (continuing from operation 440 of Fig. 4A), a storage
region corresponding to the first entry in the sorted list is selected. At operation 455, a
selected storage region is processed based on a query. At operation 460, a result value x or
worst value x (assuming at least N results are present) of the values in the top-N sort is
determined. It is noted that this step, for simplicity, assumes that processing a single storage
region will populate the top-N results with at least N values. If this is not the case, then
additional storage regions will be processed until this condition is met. At operation 462, a
minimum data value of a region, min(R1), of a first entry of the sorted list is determined.
Operation 462 provides a conditional expression for comparing result value x with the
minimum data value of a storage region. When processing a top-N sort, if the Nth value is x
(a current "worst" value), then regions containing a minimum data value that are greater than
x do not need to be scanned (for an ascending sort). If this condition is not met, the next
entry of the sorted list is selected at operation 470. At operation 475, the storage region is
processed based on the query. At operation 480, worst value x is updated. This series of
operations repeats until the specified condition is satisfied. Once this condition is satisfied,
there are no additional values that overlap with the top-N results. If the Nth value of a top-N
search is x, and the minimum data value for a region, min(R1) is greater than the value of x,

then the entire storage region may be discarded.

[0050] Moreover, by sorting the list of selected storage regions by minimum data values,
once a storage region R1 is found such that the minimum data value of R1 is greater than the
worst value of a top-N sort x, then all subsequent regions R2, R3, and so forth will also have
minimum data values greater than x. As a result, the scan may exit early and stop reading

data, as shown below with reference to Eq. 1 and at operation 465.

if min(R1) > x, (Eq. 1)
then min(R2) >= min(R1) > x
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[0051] A storage region with a minimum data value exceeding x has no results within
the top-N results, and therefore, the entire storage region can be discarded, as it does not
need to be included in the search. Moreover, once a storage region in the list has been
discarded, all subsequent storage regions in the list may be discarded (provided that the list
of storage regions has been sorted). In many cases, this will allow an early exit from a table
scan, as a point is reached in which none of the remaining regions can possibly hold a value
which will survive a top-N sort. For small N, the techniques presented herein are effective at
reducing the I/O needed to answer a query to a bare minimum, resulting in a significant

performance impact.

[0052] It should be noted that in cases having multiple sort keys, the above comparison
(e.g., Eq. 1) applies — a zone map entry having a value equal to x cannot automatically be
discarded, because a lower-priority sort key (e.g., a second sort key) may determine that the
entry is to be included. However, in cases in which a single sort key is used, then the

comparison above may be improved as shown by Eq. 2.

if min(R1) >=x, (Eq. 2)
then min(R2) >= min(R1) >=x

[0053] The current worst result may also be referred to as a "result value". While Fig. 4
represents the result value as a current worst value of a top-N sort, i.e., an upper bound for
an ascending sort and a lower bound for a descending sort, it is noted that present invention
embodiments may also include values outside of the specified quantity of results. Values
outside the specified quantity of results include values greater than the actual upper bound as
well as values less than the actual lower bound. An upper bound is a maximum value of the

values of the top-N sort. A lower bound is a minimum value of the values of the top-N sort.

[0054] It should also be noted that as the scan proceeds, the result value generally
improves over time (e.g., if the result value is a minimum value, the result value may further
decrease as the scan proceeds and a new minimum value is identified). Improving result
values allow for even more data to be skipped as the scan proceeds, and therefore, further

reduces computational workload from I/O operations.
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[0055] Present invention embodiments provide feedback, from a top-N sort algorithm,
up to the I/O layer, in order to reduce computational workload. The decision to make an
early exit, as described above, allows associated I/O operations to stop, and therefore,
provides a form of feedback to the I/O layer. Sorting the list of zone map entries provides an
optimization — as soon as a determination has been made to exit early from a top-N sort,

associated computational workload from I/O operations may be avoided.

[0056] Thus, when a query scans a large information space for values in a specified
range, according to present invention embodiments, a list of zone map data, associated with
each storage region, is created, sorted, and examined to determine whether the storage
regions could possibly contain values in the specified range of the top-N sort. Only regions
that could contain values within the specified range are scanned; other regions do not need to
be considered. The techniques described herein allow for substantially reducing the amount

of time needed to scan a large space of information.

[0057] The techniques presented herein also allow prediction of a best possible early
estimate of top-N results. For example, if a first storage region has a corresponding zone
map entry indicating a range of values from 1-5, and a second storage region has a
corresponding zone map entry indicating a range of values from 3-20, relevant data would
more likely fall within the first region (assuming an ascending sort is used), and this region
would be read first. Accordingly, utilization of the sorted metadata allows relevant results to

be identified in an optimal manner.

[0058] In other embodiments, the techniques presented herein may be used to obtain an
optimal early exit from a table scan when a downstream operation is a grand aggregate
min(column) or max(column) operation; this is a degenerate case of top-N sort where the

limit is 1 and the selected column is the sort key.

[0059] In this case, the partial sort operation may degenerate to, or be replaced by, an
operation which keeps only one record, e.g., the record with the minimum value of the sort
key or the record with the maximum value of the sort key. For an operation that keeps the

record with the minimum value of the sort key, any storage region whose minimum value, as
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indicated by the corresponding zone map entry, is higher than the sort key may be skipped.
(Alternatively, if an operation keeps the record with the maximum value of the sort key, any
storage region whose maximum value is less than the sort key may be skipped). This
optimization may be effective even when the data is partially or completely unordered, and
very few storage regions are excluded in the initial process of evaluating the zone maps. If
there is a single sort key, the operation may exit as soon as a value is found that is less than
or equal to the minimum value of every remaining zone map entry. If there are multiple sort
keys, the operation may exit as soon as a value is found that is less than the minimum value

of every remaining zone map entry.

[0060] In still other embodiments, for poorly organized columns in which min(region) -
max(region) is almost the entire range of the column for every region, there will still be
some variance in the endpoints. Thus, the smallest few values are likely to appear in only a
few storage regions. These storage regions will be scanned first to select a sufficiently small
“result value” that will exclude the remaining storage regions. Thus, for a small enough N in

a top-N sort, the techniques provided herein generally produce a good result.

[0061] Present invention embodiments are not limited to a particular type of computing
environment. For example, present invention embodiments may apply to a system
comprising several computers or processes, each of which may independently perform a top-
N sort to produce a local list of top-N results. Each of the independent lists may be merged,
such that the top-N results after the merge are kept. Thus, in this context, each computer or
process may independently generate a list of top-N results, and may exit early from a top-N

sort, independently from one another.

[0062] Alternatively, present invention embodiments also apply to systems in which
multiple computers may collaborate to maintain a global result value, wherein the global
result value corresponds to a current global worst result value (e.g., a global minimum value
or a global maximum value) of a plurality of top-N sorts performed by a plurality of
computers. Accordingly, each computer may prune its corresponding scan list and/or
determine to exit early from a top-N sort based on this global result value. It should also be

noted that there is not a significant performance penalty for scanning a small number of
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additional storage regions. Therefore, the global result value may be computed
asynchronously, or may be updated infrequently, such that this optimization does not

introduce or require a point of synchronization within the system.

[0063] FIG. 5 is a generalized flow chart of a procedure for updating previous zone map
entries due to the addition or deletion of records within a storage region. When a record is
deleted from an information space, if that record contained a column value that was the
minimum value for all columns in the record’s extent, then the new minimum value for that
column in that extent may actually be greater than the recorded minimum value in the zone
map entry. Similarly, if that record contained a column value that was the maximum value
for all columns in the record’s extent, then the new maximum value for that column in that
extent may actually be less than the recorded maximum value in the zone map entry. In
other words, deleting a record can have the effect of narrowing the range of values for
columns within an extent. Likewise, creating a record can have the effect of expanding the

range of values for columns within an extent.

[0064] At operation 510 of Fig. 5, a record is added or deleted. At operation 520, it is
determined whether the added or deleted record contains a column value that is the
minimum value for all columns in the record’s extent, and/or whether the added or deleted
record contains a column value that is the maximum value for all columns in the record’s
extent. At operation 530, the zone map is updated to reflect the new minimum value (e.g.,
lowered at least to the value specified in the added record or raised to reflect the lowest value
in the storage region) and/or updated to reflect the new maximum value (e.g., raised at least
to the value specified in the added record or lowered to reflect the highest value in the
storage region). In other embodiments, zone maps may not need to be updated to reflect

record deletions, as zone maps are generally used in a conservative manner.

[0065] Referring to Fig. 6, an example embodiment of an information server 120 may
comprise a network interface 112, a processor 620 and a memory 630. The network
interface unit 112 is configured to enable network communications over network 130 e.g., to
facilitate communication between information server 120 and host server 110 regarding

query requests from client system 100 as shown in FIG. 1.
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[0066] The processor 620 may be embodied by one or more microprocessors or
microcontrollers, and executes computer readable program instructions stored in memory

630 to perform the operations described above in connection with FIGs. 1-5.

[0067] Memory 630 may comprise computer readable storage media encoded with
software comprising computer readable program instructions, and when the software is
executed by the processor 620, the processor 620 is operable to perform the operations

described herein in connection with zone map creation, sorting and evaluation logic 635.

[0068] Server systems 110 and 120 and client systems 100 may be implemented by any
conventional or other computer systems preferably equipped with a display or monitor, a
base (e.g., including at least one processor, one or more memories, and/or internal or
external network interfaces or communications devices (e.g., modem, network cards, etc.)),
optional input devices (e.g., a keyboard, mouse or other input device), and any commercially
available and custom software (e.g., server/communications software, module,

browser/interface software, etc.).

[0069] Alternatively, one or more client systems 100 may analyze documents when
operating as a stand-alone unit. In a stand-alone mode of operation, the client system stores
or has access to the data (e.g., database storage unit 140), and includes modules to formulate
and/or send query requests to host server 110. The graphical user (e.g., GUI, etc.) or other
interface (e.g., command line prompts, menu screens, etc.) solicits information from a
corresponding user pertaining to the desired documents and analysis, and may provide

reports including analysis results.

[0070] Module may include one or more modules or units to perform the various
functions of present invention embodiments described herein. The various modules (e.g.,
logic module 635, etc.) may be implemented by any combination of any quantity of software
and/or hardware modules or units, and may reside within memory 630 of the information

server 120 for execution by processor 620.
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[0071] It will be appreciated that the embodiments described above and illustrated in the

drawings represent only a few of the many ways of implementing embodiments for.

[0072] The environment of the present invention embodiments may include any number
of computer or other processing systems (e.g., client or end-user systems, server systems,
etc.) and databases or other repositories arranged in any desired fashion, where the present
invention embodiments may be applied to any desired type of computing environment (e.g.,
cloud computing, client-server, network computing, mainframe, stand-alone systems, etc.).
The computer or other processing systems employed by the present invention embodiments
may be implemented by any number of any personal or other type of computer or processing
systems (e.g., desktop, laptop, PDA, mobile devices, etc.), and may include any
commercially available operating system and any combination of commercially available
and custom software (e.g., browser software, communications software, server software,
profile generation module, profile comparison module, etc.). These systems may include
any types of monitors and input devices (e.g., keyboard, mouse, voice recognition, etc.) to

enter and/or view information.

[0073] It is to be understood that the software (e.g., logic 635) of the present invention
embodiments may be implemented in any desired computer language and could be
developed by one of ordinary skill in the computer arts based on the functional descriptions
contained in the specification and flow charts illustrated in the drawings. Further, any
references herein of software performing various functions generally refer to computer
systems or processors performing those functions under software control. The computer
systems of the present invention embodiments may alternatively be implemented by any

type of hardware and/or other processing circuitry.

[0074] The various functions of the computer or other processing systems may be
distributed in any manner among any number of software and/or hardware modules or units,
processing or computer systems and/or circuitry, where the computer or processing systems
may be disposed locally or remotely of each other and communicate via any suitable
communications medium (e.g., LAN, WAN, Intranet, Internet, hardwire, modem connection,

wireless, etc.). For example, the functions of the present invention embodiments may be
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distributed in any manner among the various end-user/client and server systems, and/or any
other intermediary processing devices. The software and/or algorithms described above and
illustrated in the flow charts may be modified in any manner that accomplishes the functions
described herein. In addition, the functions in the flow charts or description may be

performed in any order that accomplishes a desired operation.

[0075] The software of the present invention embodiments (e.g., software corresponding
to logic 635, etc.) may be available on a non-transitory computer useable medium (e.g.,
magnetic or optical mediums, magneto-optic mediums, floppy diskettes, CD-ROM, DVD,
memory devices, etc.) of a stationary or portable program product apparatus or device for
use with stand-alone systems or systems connected by a network or other communications

medium.

[0076] The communication network may be implemented by any number of any type of
communications network (e.g., LAN, WAN, Internet, Intranet, VPN, etc.). The computer or
other processing systems of the present invention embodiments may include any
conventional or other communications devices to communicate over the network via any
conventional or other protocols. The computer or other processing systems may utilize any
type of connection (e.g., wired, wireless, etc.) for access to the network. Local
communication media may be implemented by any suitable communication media (e.g.,

local area network (LAN), hardwire, wireless link, Intranet, etc.).

[0077] The system may employ any number of any conventional or other databases, data
stores or storage structures (e.g., files, databases, data structures, data or other repositories,
etc.) to store information(e.g., database storage unit 140, zone maps, top-N results, etc.).

The database system may be implemented by any number of any conventional or other
databases, data stores or storage structures (e.g., files, databases, data structures, data or
other repositories, etc.) to store information (e.g., database storage unit 140, zone maps, top-
N results, etc.). The database system may be included within or coupled to the server and/or
client systems. The database systems and/or storage structures may be remote from or local

to the computer or other processing systems, and may store any desired data.
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[0078] The present invention embodiments may employ any number of any type of user
interface (e.g., Graphical User Interface (GUI), command-line, prompt, etc.) for obtaining or
providing information (e.g., query requests from client 100, top-N results, etc.), where the
interface may include any information arranged in any fashion. The interface may include
any number of any types of input or actuation mechanisms (e.g., buttons, icons, fields,
boxes, links, etc.) disposed at any locations to enter/display information and initiate desired
actions via any suitable input devices (e.g., mouse, keyboard, etc.). The interface screens
may include any suitable actuators (e.g., links, tabs, etc.) to navigate between the screens in

any fashion.

[0079] The report may include any information arranged in any fashion, and may be
configurable based on rules or other criteria to provide desired information to a user (e.g.,
text analytics, profile scores, demographic information pertaining to the document author,

etc.).

[0080] The present invention embodiments are not limited to the specific tasks or

algorithms described above.

[0081] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of the invention. As used herein, the

singular forms "a", "an" and "the" are intended to include the plural forms as well, unless the

context clearly indicates otherwise. It will be further understood that the terms "comprises"”,

"non
2

"non
2

"comprising", "includes", "including", "has", "have", "having", "with" and the like, when
used in this specification, specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or more

other features, integers, steps, operations, elements, components, and/or groups thereof.

[0082] The corresponding structures, materials, acts, and equivalents of all means or step
plus function elements in the claims below are intended to include any structure, material, or
act for performing the function in combination with other claimed elements as specifically
claimed. The description of the present invention has been presented for purposes of

illustration and description, but is not intended to be exhaustive or limited to the invention in
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the form 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 invention. The embodiment
was chosen and described in order to best explain the principles of the invention and the
practical application, and to enable others of ordinary skill in the art to understand the
invention for various embodiments with various modifications as are suited to the particular

use contemplated.

[0083] The descriptions of the various embodiments of the present invention have been
presented for purposes of illustration, 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
embodiments. The terminology used herein was chosen to best explain the principles of the
embodiments, the practical application or technical improvement over technologies found in
the marketplace, or to enable others of ordinary skill in the art to understand the

embodiments disclosed herein.

[0084] 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.

[0085] 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 is not limited to, an electronic storage device, a
magnetic storage device, an optical storage device, an electromagnetic storage device, a
semiconductor 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 following: a portable computer diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a portable 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 in a groove having
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instructions recorded thereon, and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, is not to be construed as being transitory signals
per se, such as radio waves or other freely propagating electromagnetic waves,
electromagnetic 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.

[0086] Computer readable program instructions described herein can be downloaded to
respective computing/processing 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 comprise
copper transmission cables, optical transmission fibers, wireless transmission, routers,
firewalls, switches, gateway computers and/or edge servers. A network adapter card or
network interface in each computing/processing device receives computer readable program
instructions from the network and forwards the computer readable program instructions for
storage in a computer readable storage medium within the respective computing/processing

device.

[0087] Computer readable program instructions for carrying out operations of the
present invention may be assembler instructions, instruction-set-architecture (ISA)
instructions, machine instructions, machine dependent instructions, microcode, firmware
instructions, state-setting data, or either source code or object code written in any
combination of one or more programming languages, including an object oriented
programming language such as Smalltalk, C++ or the like, and conventional procedural
programming languages, such as the "C" programming language or similar programming
languages. The computer readable program instructions may execute entirely on the user's
computer, partly on the user's computer, as a stand-alone software package, 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 Provider). In some embodiments, electronic circuitry
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including, for example, programmable logic circuitry, field-programmable gate arrays
(FPGA), or programmable logic arrays (PLA) may execute the computer readable program
instructions by utilizing state information of the computer readable program instructions to

personalize the electronic circuitry, in order to perform aspects of the present invention.

[0088] Aspects of the present invention are described herein with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems), and computer program
products according to embodiments of the invention. It will be understood that each block
of the flowchart illustrations and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be implemented by computer readable

program instructions.

[0089] These computer readable program instructions may be provided to a processor of
a general purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the instructions, 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 readable program instructions may also be stored in a computer
readable storage medium that can direct a computer, a programmable data processing
apparatus, and/or other devices to function in a particular manner, such that the computer
readable storage medium having instructions stored therein comprises an article of
manufacture including instructions which implement aspects of the function/act specified in

the flowchart and/or block diagram block or blocks.

[0090] 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 computer implemented process, such that the instructions which execute
on the computer, other programmable apparatus, or other device implement the

functions/acts specified in the flowchart and/or block diagram block or blocks.
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[0091] The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible 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 portion
of instructions, 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 in the figures. For example, two blocks shown in
succession may, in fact, be executed substantially concurrently, or the blocks may sometimes
be executed in the reverse order, depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart illustration, and combinations
of blocks in the block diagrams and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified functions or acts or carry out

combinations of special purpose hardware and computer instructions.
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CLAIMS

1. A computer-implemented method for scanning a plurality of storage regions
within memory for a specified quantity of results, wherein each storage region is associated
with an interval including first and second interval values indicating a value range for values
within that storage region, the computer-implemented method comprising:

sorting the first interval values into an order, wherein the order of the first
interval values determines a scanning order for the plurality of storage regions;

determining a result value, wherein the result value is an upper bound, a lower
bound, or is outside of the specified quantity of results; and

examining the sorted first interval values and scanning corresponding individual
storage regions, as needed, in response to a comparison of the determined result value with

the first interval value of that storage region.

2. The computer-implemented method of claim 1, wherein said scanning
corresponding individual storage regions includes:

determining an initial first interval value not satisfying said comparison and
omitting from the scan the corresponding individual storage regions corresponding to the
initial first interval value and subsequent first interval values within the sorted first interval

values.

3. The computer-implemented method of claim 1, wherein the specified quantity of
results is associated with an ascending sort and said first interval value for each storage
region includes a minimum value for that storage region, and said scanning corresponding
individual storage regions includes:

scanning individual storage regions in response to the determined result value

being greater than the first interval value of that storage region.

4. The computer-implemented method of claim 1, wherein the quantity of results is
associated with a descending sort and said second interval value for each storage region
includes a maximum value for that storage region, and said scanning corresponding

individual storage regions includes:
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scanning individual storage regions in response to the determined result value

being less than the second interval value of that storage region.

5. The computer-implemented method of claim 1, further comprising exiting from
scanning upon establishing that the first interval value of a storage region in the list of sorted

first interval values in an ascending sort is greater than the determined value.

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

adding or deleting a record to a storage region;

determining whether the added or deleted record contains a first interval value
that is the minimum value or a second interval value that is the maximum value for the
storage region; and

updating the first interval value or the second interval value to reflect a new

minimum value or a new maximum value.

7. The computer-implemented method of claim 1, further comprising performing a
grouping operation, with groups identified based upon one or more sort keys, and wherein

the specified quantity of results is a specified quantity of distinct groups.

8. The computer-implemented method of claim 1, further comprising:
determining a global result value, wherein the global result value represents a

minimum value of a plurality of result values determined by a plurality of computers; and
exiting from scanning upon establishing that the first interval value of a storage

region in the list of sorted first interval values in an ascending sort is greater than the

determined global result value.

0. A system comprising:

a memory comprising a plurality of storage regions, wherein each storage region
is associated with an interval including first and second interval values indicating a value
range for values within that storage region,;

a network interface; and

a processor configured to:
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sort the first interval values into an order, wherein the order of the first interval
values determines a scanning order for the plurality of storage regions;

determine a result value, wherein the result value is an upper bound, a lower
bound, or is outside of a specified quantity of results; and

examine the sorted first interval values and scan corresponding individual storage
regions, as needed, within memory for the specified quantity of results in response to a

comparison of the determined result value with the first interval value of that storage region.

10. The system of claim 9, wherein the processor is configured to determine an initial
first interval value not satisfying said comparison and omit from the scan the corresponding
individual storage regions corresponding to the initial first interval value and subsequent first

interval values within the sorted first interval values.

11. The system of claim 9, wherein the specified quantity of results is associated with
an ascending sort and said first interval value for each storage region includes a minimum
value for that storage region, and wherein the processor is configured to scan individual
storage regions in response to the determined result value being greater than the first interval

value of that storage region.

12. The system of claim 9, wherein the quantity of results is associated with a
descending sort and said second interval value for each storage region includes a maximum
value for that storage region, and wherein the processor is configured to scan individual
storage regions in response to the determined result value being less than the second interval

value of that storage region.

13. The system of claim 9, wherein the processor is configured to exit from scanning
upon establishing that the first interval value of a storage region in the list of sorted first

interval values in an ascending sort is greater than the determined value.

14. The system of claim 9, wherein the processor is configured to:

add or delete a record to a storage region;
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determine whether the added or deleted record contains a first interval value that
is the minimum value or a second interval value that is the maximum value for the storage
region; and

update the first interval value or the second interval value to reflect a new

minimum value or a new maximum value.

15. The system of claim 9, wherein the processor is configured to perform a grouping
operation, with groups identified based upon one or more sort keys, and wherein the

specified quantity of results is a specified quantity of distinct groups.

16. The system of claim 9, wherein the processor is configured to:
determine a global result value, wherein the global result value represents a
minimum value of a plurality of result values determined by a plurality of computers; and
exit from scanning upon establishing that the first interval value of a storage
region in the list of sorted first interval values in an ascending sort is greater than the

determined global value.

17. A computer program product for providing information to a user, comprising a
computer readable storage medium having computer readable program code embodied
therewith, the computer readable program code, when executed by a processor, causes the
processor to:

sort, for a plurality of storage regions within memory, each storage region
associated with an interval including first and second interval values indicating a value range
for values within that storage region, the first interval values into an order, wherein the order
of the first interval values determines a scanning order for the storage regions;

determine a result value, wherein the result value is an upper bound, a lower
bound, or is outside of a specified quantity of results; and

examine the sorted first interval values and scan corresponding individual storage
regions, as needed, in memory for the specified quantity of results in response to a

comparison of the determined result value with the first interval value of that storage region.
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18. The computer program product of claim 17, the computer readable program code
further configured to cause the processor to determine an initial first interval value not
satisfying said comparison and omit from the scan the corresponding individual storage
regions corresponding to the initial first interval value and subsequent first interval values

within the sorted first interval values.

19. The computer program product of claim 17, wherein the specified quantity of
results is associated with an ascending sort and said first interval value for each storage
region includes a minimum value for that storage region, and the computer readable program
code is further configured to cause the processor to scan individual storage regions in
response to the determined result value being greater than the first interval value of that

storage region.

20. The computer program product of claim 17, wherein the quantity of results is
associated with a descending sort and said second interval value for each storage region
includes a maximum value for that storage region, and the computer readable program code
further configured to cause the processor to scan individual storage regions in response to

the determined result value being less than the second interval value of that storage region.

21. The computer program product of claim 17, the computer readable program code
further configured to cause the processor to exit from scanning upon establishing that the
first interval value of a storage region in the list of sorted first interval values in an ascending

sort is greater than the determined value.

22. A computer program comprising program code means adapted to perform the

method of any of claims 1 to 8 when said program is run on a computer.
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