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MANAGING DATA PROFILING OPERATIONS RELATED TO
DATA TYPE

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Application Serial No. 61/949,477, filed
on March 7, 2014.

BACKGROUND

This description relates to managing data profiling operations related to data type.

Databases or other information management systems often include datasets for
which various characteristics may not be known. For example, ranges of values or
typical values for a dataset, relationships between different fields within the dataset, or
functional dependencies among values in different fields, may be unknown. Data
profiling can involve examining a dataset in order to determine such characteristics.
Some techniques for data profiling include receiving information about a data profiling
job, running the data profiling job, and then returning a result after a delay that is based
on how long it takes to perform various processing steps involved with the data profiling.
One of the steps that may involve significant processing time is “canonicalization,”
which involves changing the data types of the values appearing within the records of a
dataset to a predetermined or “canonical” data type to facilitate additional processing.
For example, canonicalization may include converting values to a human readable string

representation.

SUMMARY

In one aspect, in general, a method for processing data in a computing system
includes receiving, over an input device or port of the computing system, a plurality of
records that each have one or more values for respective fields of a plurality of fields.
The method includes storing, in a storage medium of the computing system, data type
information that associates each of one or more data types with at least one identifier.
The method includes processing, using at least one processor of the computing system, a
plurality of data values from the records. The processing includes: generating a plurality

of data units from the records, each data unit including a ficld identifier that uniquely
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identifies one of the fields and a binary value from one of the records, the binary value
extracted from the field of that record identified by the field identifier; aggregating
information about binary values from a plurality of the data units; generating a list of
entries for each of one or more of the fields, at least some of the entries each including
one of the binary values and information about that binary value aggregated from a
plurality of the data units; retrieving a data type associated with a first identifier from the
data type information, and associating the retricved data type with at least one binary
value included in an entry of one of the lists; and generating profile information for at
least one of the fields based at least in part on a retrieved data type of a particular binary
value appearing in the field, after aggregating information about binary values from a
plurality of the data units.

Aspects may include one or more of the following features.

The binary value extracted from the field of that record identified by the field
identifier is extracted as an un-typed sequence of bits. Generating profile information for
at least one of the ficlds based at least in part on a retrieved data type of a particular
binary value appearing in the field includes reinterpreting the un-typed sequence of bits
as a typed data value that has the retrieved data type.

The profile information includes type-dependent profiling results that depend on
original data types of the plurality of data values from the records.

Aggregating information about binary values from a plurality of the data units
includes comparing binary values from the plurality of data units with binary values in
the list of entries to determine if there is a match between the binary values.

The information about that binary value aggregated from a plurality of the data
units includes a total count of matched binary values that is incremented cach time a
match is determined when comparing the binary values.

A match between a first binary value and a second binary value corresponds a
sequence of bits comprising the first binary value being identical to a sequence of bits
comprising the second binary value.

The data type information associates each of one or more data types with at least

one of the field identifiers.
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Retrieving a data type associated with the first identifier from the data type
information includes retrieving a data type associated with a first ficld identifier.

Each data unit includes: one of the ficld identifiers, a binary value from one of the
records, and a data type identifier that uniquely identifies one of the data types.

The data type information associates each of one or more data types with at least
one of the data type identifiers.

Retrieving a data type associated with the first identifier from the data type
information includes retrieving a data type associated with a first data type identifier.

Associating the retrieved data type with at least one binary value included in an
entry of one of the lists includes: instantiating a local variable having the retrieved data
type and initializing the instantiated variable to a value based on the binary value
included in the entry.

Associating the retrieved data type with at least one binary value included in an
entry of one of the lists includes: setting a pointer associated with the retrieved data type
to a memory location at which the binary value included in the entry is stored.

Each data unit includes: one of the ficld identifiers, a binary value from one of the
records, and an indicator of the length of the binary value.

The length indicator is stored as a prefix to the binary value.

The method further includes receiving, over the input device or port of the
computing system, record format information associated with the plurality of records.

The data type information is generated based at least in part on the received
record format information.

The processing further includes: converting binary values from different
respective entries of a first of the lists for a first ficld from a retrieved data type
associated with the binary values to a target data type, and converting binary values from
different respective entries of a second of the lists for a second field from a retrieved data
type associated with the binary values to the same target data type.

In another aspect, in general, software stored on a computer-readable medium
includes instructions for causing a computing system to: receive, over an input device or
port of the computing system, a plurality of records that each have one or more values for

respective fields of a plurality of fields; store, in a storage medium of the computing
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system, data type information that associates each of one or more data types with at least
one identifier; and process, using at least one processor of the computing system, a
plurality of data values from the records. The processing includes: generating a plurality
of data units from the records, each data unit including a field identifier that uniquely
identifies one of the fields and a binary value from one of the records, the binary value
extracted from the field of that record identified by the field identifier; aggregating
information about binary values from a plurality of the data units; generating a list of
entries for each of one or more of the ficlds, at least some of the entries each including
one of the binary values and information about that binary value aggregated from a
plurality of the data units; retrieving a data type associated with a first identifier from the
data type information, and associating the retrieved data type with at least one binary
value included in an entry of one of the lists; and generating profile information for at
least one of the ficlds based at least in part on a retrieved data type of a particular binary
value appearing in the field, after aggregating information about binary values from a
plurality of the data units.

In another aspect, in general, a computing system includes: an input device or port
of the computing system configured to receive a plurality of records that each have one or
more values for respective fields of a plurality of fields; a storage medium of the
computing system configured to store data type information that associates each of one or
more data types with at least one identifier; and at least one processor of the computing
system configured to process a plurality of data values from the records. The processing
includes: generating a plurality of data units from the records, each data unit including a
field identifier that uniquely identifies one of the ficlds and a binary value from one of the
records, the binary value extracted from the field of that record identified by the field
identifier; aggregating information about binary values from a plurality of the data units;
generating a list of entries for cach of one or more of the fields, at least some of the
entries each including one of the binary values and information about that binary value
aggregated from a plurality of the data units; retricving a data type associated with a first
identifier from the data type information, and associating the retrieved data type with at
least one binary value included in an entry of one of the lists; and generating profile

information for at least one of the fields based at Ieast in part on a retrieved data type of a
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particular binary value appearing in the ficld, after aggregating information about binary
values from a plurality of the data units.

In another aspect, in general, a computing system includes: means for receiving a
plurality of records that cach have one or more values for respective fields of a plurality
of fields; means for storing data type information that associates each of one or more data
types with at least one identifier; and means for processing a plurality of data values from
the records. The processing includes: generating a plurality of data units from the
records, each data unit including a field identifier that uniquely identifies one of the fields
and a binary value from one of the records, the binary value extracted from the field of
that record identified by the ficld identifier; aggregating information about binary values
from a plurality of the data units; generating a list of entries for cach of one or more of
the ficlds, at least some of the entries each including one of the binary values and
information about that binary value aggregated from a plurality of the data units;
retrieving a data type associated with a first identifier from the data type information, and
associating the retrieved data type with at least one binary value included in an entry of
one of the lists; and generating profile information for at least one of the ficlds based at
least in part on a retrieved data type of a particular binary value appearing in the field,
after aggregating information about binary values from a plurality of the data units.

Aspects can have one or more of the following advantages.

Data profiling is sometimes performed by a program that provides a user interface
that is dedicated to the purpose of managing the data profiling procedures. In such
situations, a user may be expecting relatively long delays when profiling a large amount
of data (e.g., large datasets and/or a large numbers of datasets). In some cases, it may be
useful to incorporate data profiling functionality within another user interface, such as a
user interface for developing data processing programs (e.g., expressed as dataflow
graphs). However, if a user is in the process of developing a program for processing
data, even though it may be useful to request data profiling results for a particular dataset
from within that development user interface, it may not be appropriate to make the user
endure long delays before obtaining those results.

Using the techniques described herein, it is possible to shorten some delays for

certain data profiling procedures (e.g., especially field-level data profiling). For example,
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instead of having to wait 3 minutes for data profiling results, a user may only need to wait
30 seconds. One of the techniques used to provide at least some of the speed-up is based
on a recognition that canonicalization and other type-dependent processing can be
delayed and performed much more efficiently after other data profiling procedures that
aggregate data values to be canonicalized. Processing is more efficient because it is
performed on all distinct values in a field, but not necessarily all occurrences of each
distinct value, which generally leads to much fewer operations (unless the field is highly
populated with unique values). This technique is able to avoid redundant processing that,
for a large collection of records, could potentially take a large amount of time. One of
the consequences of this technique is the need to properly manage data type information
that will later be used for the canonicalization and type-dependent validation, as
described in more detail below.

With such reduced processing delay, it may then be appropriate to enable data
profiling to be performed from within a development user interface. A user interface
clement (e.g., a context menu) can be incorporated into the development user interface to
be displayed when a user interacts with (e.g., using a right-click action) an icon
representing a dataset or a link representing a data flow, for example. The user interface
clement can present to the user options for initiating one or more data profiling
procedures to be performed on the associated dataset or data flow. After a relatively
short delay, results can be displayed in a window of the user interface. During the delay
a progress bar can be displayed to indicate to the user that the wait will be relatively
short. In one example scenario, if a user is expecting a particular field of a dataset to
have only a fixed set of values, the data profiling results may show the user whether any
unexpected values are present in the dataset. In another example scenario, a user can
check to see if a field that is expected to be fully populated has any blank or null values.
The user can then incorporate “defensive logic” into the program to appropriately handle
any observed unexpected cases. In another example scenario, a user may want to view a
summary of all data that flowed over a particular data flow in the last run of a dataflow
graph.

Other features and advantages of the invention will become apparent from the

following description, and from the claims.



WO 2015/134193 PCT/US2015/016517

10

15

20

25

30

DESCRIPTION OF DRAWINGS
FIG. 1 is a block diagram of a data processing system.
FIG. 2 is a schematic diagram of a data profiling procedure.
FIG. 3 is a schematic diagram of a extraction of ficld-value pairs and data type
information.

FIG. 4 is a flowchart of a data profiling procedure.

DESCRIPTION

FIG. 1 shows an example of a data processing system 100 in which the techniques
to manage data type information for efficient data profiling can be used. The system 100
includes a data source 102 that may include one or more sources of data such as storage
devices or connections to online data streams, each of which may store or provide data in
any of a variety of formats (e.g., database tables, spreadsheet files, flat text files, or a
native format used by a mainframe). An execution environment 104 includes a profiling
module 106 and an execution module 112. The profiling module 106 performs data
profiling procedures on data from the data source 102, or on intermediate data or output
data generated by a data processing program that is executed by the execution module
112. Storage devices providing the data source 102 may be local to the execution
environment 104, for example, being stored on a storage medium connected to a
computer hosting the execution environment 104 (e.g., hard drive 108), or may be remote
to the execution environment 104, for example, being hosted on a remote system (e.g.,
mainframe 110) in communication with a computer hosting the execution environment
104, over a remote connection (e.g., provided by a cloud computing infrastructure).

The execution environment 104 may be hosted, for example, on one or more
general-purpose computers under the control of a suitable operating system, such as a
version of the UNIX operating system. For example, the execution environment 104 can
include a multiple-node parallel computing environment including a configuration of
computer systems using multiple central processing units (CPUS) or processor cores,
cither local (e.g., multiprocessor systems such as symmetric multi-processing (SMP)
computers), or locally distributed (¢.g., multiple processors coupled as clusters or

massively parallel processing (MPP) systems, or remote, or remotely distributed (e.g.,
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multiple processors coupled via a local area network (LAN) and/or wide-arca network
(WAN)), or any combination thereof.

The profiling module 106 reads data from the data source 102 and stores profile
information 114 generated by the data profiling procedures performed by the profiling
module 106. The profiling module 106 can run on same host(s) as the execution module
112 within the execution environment 104, or can use additional resources, such as a
dedicated data profiling server in communication with the execution environment 104,
The profile information 114 includes results of the data profiling procedures and
intermediate data compiled in the process of generating the results, such as the census
data described in more detail below. The profile information 114 may be stored back in
the data source 102 or in a data storage system 116 accessible to the execution
environment 104, or otherwise used.

The execution environment 104 also provides a development user interface 118
with which a developer 120 is able to both develop data processing programs and initiate
data profiling procedures. In some implementations, the development user interface 118
facilitates development of data processing programs as dataflow graphs that include
vertices (representing data processing components or datasets) connected by directed
links (representing flows of work clements, i.e., data) between the vertices. For example,
such a user interface is described in more detail in U.S. Publication No. 2007/0011668,
titled “Managing Parameters for Graph-Based Applications,” incorporated herein by
reference. A system for executing such graph-based computations is described in U.S.
Patent 5,966,072, titled “EXECUTING COMPUTATIONS EXPRESSED AS
GRAPHS,” incorporated herein by reference. Dataflow graphs made in accordance with
this system provide methods for getting information into and out of individual processes
represented by graph components, for moving information between the processes, and for
defining a running order for the processes. This system includes algorithms that choose
interprocess communication methods from any available methods (for example,
communication paths according to the links of the graph can use TCP/IP or UNIX
domain sockets, or use shared memory to pass data between the processes). In addition
to data profiling procedures being initiated from within the development user interface

118, data profiling procedures can also be performed by a profiler component in a data
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flow graph that has an input port connected by a dataflow link to an input dataset and an
output port connected by a dataflow link to a downstream component configured to
perform a task using results of the data profiling.

The profiling module 106 can receive data from a variety of types of systems that
may embody the data source 102, including different forms of database systems. The
data may be organized as datasets representing a collection of records that have values for
respective fields (also called “attributes” or “columns”), including possibly null values.
When first reading data from a data source, the profiling module 106 typically starts with
some initial format information about records in that data source. In some circumstances,
the record structure of the data source may not be known initially and may instead be
determined after analysis of the data source or the data. The initial information about
records can include, for example, the number of bits used to store an individual value, the
order of fields within a record, and the data type (c.g., string, signed/unsigned integer) of
a value appearing within a particular field.

Generally, records of a particular dataset all have the same record format, and all
the values within a particular field have the same data type (i.e., the record format is
“static””). There can be datasets with a “dynamic” record format, where each subset of
records could have a different format, and/or one or more fields could have values with
different data types. Some examples described herein assume a static record format, but
various modifications can be made to support a dynamic record format. For example,
processing could be reinitialized at the beginning of each subset of records in a dataset
that have a change in the record format. Alternatively, each subset of records having the
same record format could be treated as a different virtual dataset having a static record
format, and results for those virtual record formats could be merged later, if necessary.

When performing data profiling, the profiling module 106 reads data from the
data source 102 and stores profile information 114, which can be used to perform various
types of analysis to characterize different datasets and different fields within different
datasets. In some implementations, the profile information 114 includes a census of the
values appearing within particular ficlds (e.g., selected ficlds of selected datasets, or all
ficlds of all datasets). The census lists all of the distinct values within a field and

quantifies the number of times each distinct value appears. In some implementations, the
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census data is stored in a single data structure, optionally indexed by ficld, and in other
implementations, the census data is stored in multiple data structures, for example, one
for cach field.

The census data for a particular field being profiled can be organized as a list of
entries, with each entry including: an identifier for the field, a value appearing within the
field, and a count of a number of times that value appears in that field within the dataset.
For some datasets, the count is equivalent to the number of records in which the value
appears in that field. For other datasets (e.g., hierarchical datasets that contain nested
vectors as values for some fields) the count may be different from the number of records.
In some implementations, the census entry may also indicate whether or not the value is
null. There is an entry for cach distinct value, so each value in an entry is different from
the values in other entries, and the number of entries is equal to the number of distinct
values appearing within a ficld. The identifier for the ficld can be any value that uniquely
identifies the field being profiled. For example, the fields being profiled can be
enumerated by assigning cach field an integer index in a range from 1 to the number of
fields being profiled. Such an index can be stored compactly within the census data
structure. Even if the census data for different fields are stored in separate data
structures, it may still be useful to include the particular field identifier for that field
within each entry of the data structure (e.g., to distinguish entries from different data
structures). Alternatively, in some implementations, if the census data for different fields
are stored in separate data structures, the field only has to be stored once for that data
structure, and each entry is implicitly associated with that ficld and only includes the
value and the count.

FIG. 2 illustrates an example of a census-based data profiling procedure
performed by the profiling module 106. An extraction module 200 performs an
extraction procedure for generating a stream 203 of extracted ficld-value pairs from a
dataset being profiled, such as a table 201. In this example, the table 201 has three fields,
named FIELD1, FIELD2, and FIELD3, and the first few data records in the table 201
(i.c., the first three rows) are shown with respective values for each of the three fields. A
census generation module 202 processes the stream 203 of field-value pairs for

generating one or more census files 205 for respective fields. A type-dependent

- 10-
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processing module 204 associates various data types from preserved data type
information 208 with the respective fields to enable type-dependent profiling results to be
included in the profile information 114. A type-independent processing module 206
canonicalizes the typed data values restored by the type-dependent processing module
204, which provides data values of predetermined type to facilitate additional processing
that doesn’t depend on the original data type. By delaying the type-dependent processing
and the canonicalization until after the census generation, a potentially large speed-up is
realized since multiple instances of the same data value can be processed together (i.c., a
single time for that common data value) instead of separately.

The extraction module 200 generates ficld-value pairs by breaking a particular
data record into a series of ficld-value pairs that each include: a field index, and a binary
data value. The field index is an index value that was assigned to a particular field to
uniquely (and efficiently) identify that ficld (e.g., I=FIELD1, 2=FIELD2, 3=FIELD3),
and the binary data value is the un-typed (or “raw”) sequence of bits representing the
corresponding data value contained in the data record for that field. In this example, the
first data record in the table 201 would yield the following ficld-value (i.c., field index,
binary data value) pairs: (1, bin(A)), (2, bin(M)), (3, bin(X)) (where, for purposes of
illustration, it is understood that “bin(A)” in this example represents the binary data value
(i.e., sequence of bits) representing the data value “A”).

The census generation module 202 aggregates binary data values from the field-
value pairs in the stream 203 to produce the census files 205. All that is needed to
perform the aggregation that is part of census generation is to have enough information to
know whether a particular data value is the same as another data value. This matching
can be performed using the raw binary data value, so no valuable processing time needs
to be expended providing the data types to the census generation module 202. (In FIG. 2,
the values shown in the entries of the census files 205 correspond to the first three data
records in the table 201, which would be updated as field-value pairs from additional data
records in the table 201 were processed by the census generation module 202.)

For a particular dataset, the ficld-value pairs can be inserted into the stream 203 in
any order. In this example, the stream 203 includes all of the field-value pairs for a

particular data record followed by all of the field-value pairs for the next data record as
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the data records appear in the table 201. Alternatively, the table 201 could be processed
by field, such that the stream includes all of the ficld-value pairs for a particular field
followed by all of the ficld-value pairs for the next field as the fields appear in the table
201. Higher dimensional datasets can also be processed in this way, with field-value
pairs being added to the stream 203 based, for example, on an order that will be most
efficient for reading the dataset, or for generating the census files from the resulting
stream 203. The stream 203 of field-value pairs can be written into a file to be processed
by the downstream census generation module 202 after all ficld-value pairs have been
generated, or the stream 203 of field-value pairs can be provided to the down stream
census generation module 202 as they are being generated (e.g., to take advantage of the
resulting pipeline parallelism).

The census generation module 202 processes the field-value pairs until the end of
the stream 203 is reached (e.g., as indicated by an end-of-stream record if the stream
corresponds to a finite batch of data records, or a marker delimiting a unit of work if the
stream corresponds to a continuous stream of data records). The module 202 performs a
data operation on a field-value pair, called a “census matching operation,” to determine if
the binary data value in that field-value pair matches a previous binary data value from a
previously processed field-value pair. The module 202 performs the census matching
operation at least once for each field-value pair within the stream 203. The module 202
stores a result of the census matching operation in a data structure stored in working
memory space in a memory device. If the census matching operation found a match to a
previous data value, then a stored count associated with that data value is incremented.
Otherwise, if the census matching operation did not find a match to a previous data value,
then a new entry is stored in the data structure.

For example, the data structure may be an associative array that is able to store
key-value pairs with unique keys being used to look up associated values within the
array. In this example, the key is a binary data value from the field-value pairs, and the
value is a count that will be incremented up to the total count for the census data. The
count starts at 1 when the key-value pair is created for a field-value pair with a particular
binary data value as its key that does not match any key already existing in the

associative array, and is incremented by 1 every time another field-value pair has a binary
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data value that matches an existing key. The module 202 looks up binary data values of
field-value pairs for different fields (as determined by the ficld index within cach field-
value pair) within different associative arrays, with one associative array allocated for
cach of the fields being profiled. In some implementations, the number of fields being
profiled is known in advance, and an empty associative array (which uses only a minimal
amount of storage space) is allocated for each field at the beginning of the profiling
procedure.

The associative array can be implemented, for example, using a hash table or
other data structure that provides efficient lookup of the keys and modification of the
associated values. The binary data value used as the key of a key-value pair can store a
copy of the binary data value itself or a pointer to the binary data value stored in a
different location in the working memory (e.g., stored in a copy of the ficld-value pair).
The associative array along with the stored copy of the binary data value from the ficld-
value pair, or even the entire field-value pair itself, may then be collectively considered
as the data structure storing the census matching results. In implementations in which
pointers to binary data values in field-value pairs are stored in the associative array, only
the first field-value pair containing a particular key needs to be stored in the working
memory, and subsequent ficld-value pairs containing that particular key can be removed
from working memory after the census matching operation.

In the examples below, these associative arrays for the fields being profiled are
called “census arrays” and the key-value pairs are called “census entries” within a census
array. At the end of the census generation, the census arrays generated by the census
generation module 202 will store all the distinct binary data values appearing within the
table 201 within separate census entries, and the total count of the number of times that
binary data value appears within rows of the table 201, which represent the data records
being profiled. Optionally, possibly as part of the type-dependent processing, the census
arrays can be updated to store not only the raw binary data values, but also the types
associated with those binary data values, so that the census entries store all the distinct
typed data values appearing within the table 201. For static record formats, where all the
data values in a field have the same data type, data values that are distinct before they

have been typed will still be distinct after they have been typed.
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The type-dependent processing module 204 enables the data profiling procedures
to determine whether a particular data value is valid with respect to its original data type.
For example, if the original data type of the values appearing within a particular field is
defined (in a record format) as having a data type of ‘date’ then a valid data value for that
field might have a particular string format and ranges of values allowed for different parts
of that string. For example, the string format might be specified as YYYY-MM-DD,
where YYYY is any four-digit integer representing a year, MM is any two digit integer
between 1 and 12 representing a month, and DD is any two digit integer between 1 and
31 representing a day. Additional restrictions on valid values of type ‘date’ may further
specify that certain months only allow days between 1 and 30, for example. In another
example, validating data values in a ficld having a data type of ‘UTF-8” may include
checking the bytes appearing in each UTF-8 character of a data value for particular
sequences of bits that are not allowed in a valid UTF-8 character. In another example,
validating data values in a field having a data type of a particular mainframe format may
include checking for specific characteristics that are defined by that mainframe format.
The type-dependent validation checks can also include application of user-defined
validation rules that depend on a data value’s original data type. If a data value is found
to be not valid for its data type, the type-dependent processing module 204 can flag it as
invalid, which may avoid the need to perform additional processing on that data value
that would have been performed by the type-independent processing module 206. Before
performing such validation checks, the type-dependent processing module 204 retrieves
the data types from preserved data type information 208, and associates the retrieved data
types with the respective binary values included the census for a given field, as described
in more detail below.

One example of a technique for extracting binary data values and separately
preserving data type information 208 for later use is illustrated in FIG. 3. The table 201
is associated with a record format 300 that describes the data types of the values
appearing with the three fields of the table 201. In this example, the record format 300 is
defined using a list of ficld declarations, as shown here:

T, L; FIELDI
T, L, FIELD2

- 14-
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T; Ls FIELD3

The record format 300 includes a field declaration for each of the three fields of the table
201: FIELDI1, FIELD2, FIELD3. For FIELDI, the ficld declaration includes an identifier
T; of the data type of the data values in the ficld, an identifier L; of the length of the data
values in the field, and the field name. The data type and length identifiers (T; and L;) are
represented symbolically in this example (for i = 1 to the number of fields), but actual
record formats may use any of a variety of keywords, punctuation, and other syntax
clements to identify the data type and length.

An example showing how the data type and length identifiers might be specified
using a particular type of syntax (i.c., a Data Manipulation Language (DML) syntax) is
shown here with field declarations delimited by the terms “record” and “end;” and each

ending in a semi-colon:

record
string(7) FIELD1;
int(4) FIELD2;
decimal(10) FIELD3;
end;

In this example, there are three different data types: a string data type identified by the
keyword “string”, an integer data type identified by the keyword “int”, and a floating
point decimal data type identified by the keyword “decimal”. This example also includes
length identifiers (in unites of bytes) after the data type keyword in parentheses.

Other types of record formats can also be used. For example, in some record
formats, the length of a data value is not explicitly specified in the field declaration (e.g.,
for variable length data values, or delimited data values). Some record formats have a
potentially complex structure (e.g., a hierarchical or nested structure), which may be
used, for example, to specify a conditional record format or a record format for a
particular type of storage system (e.g., a COBOL copybook). This complex structure can
be parsed (or “walked”), and each field can be assigned a unique field identifier.

The extraction module 200 stores data type information 208 that includes enough
information about the original data types of the ficlds, as defined by the record format

300, so that the type-dependent processing module 204 is able to restore the original data
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types for type-dependent processing. For example, the data type identifiers T; and the
length identifiers L; can be stored in an associative array that associates the data type
identifiers and length identifiers with the corresponding field identifiers for their
respective ficlds, as shown in FIG. 3. Optionally, additional information can also be
stored in the data type information 208, such as the name of the field. The data type
identifiers T; can be stored in their original form, or in a different form that preserves
enough information to restore the original data type. This generation of the data type
information 208 only needs to be performed once per dataset, avoiding a potentially large
amount of work done by systems that extract data types along with data values when
generating field-value pairs for census generation. Even if the generation of the data type
information 208 is repeated multiple times (e.g., once by the extraction module 200 and
again by the type-dependent processing module 204), a potentially large amount of work
can still be avoided by limiting this data type extraction to a constant number of times
instead of a number of times on the order of the number of records in the dataset.

If the data type information 208 is generated once by the extraction module 200, it
can then stored for retrieval by (or otherwise communicated to) the type-dependent
processing module 204. If instead the data type information 208 is generated by the
extraction module 200 and separately by the type-dependent processing module 204 (e.g.,
just before it is needed), as long as the procedure for assigning index values to fields
defined by the record format is the same for both, the same data type information 208
will be obtained. Whichever module generates the data type information 208, it will also
use the same field index values 302 mapped to particular fields as used by the extraction
module 200 for inserting field index values into field-value pairs.

The output of the extraction module 200 is a stream of elements that may
optionally include other information in addition to the pair consisting of field index and
binary data value. Still referring to FIG. 3, an alternative stream 203’ of field-value pairs
extracted from the table 201 by the extraction module 200 is made up of elements that
also include a record index and a length for each binary data value. One element 306 in
the stream 203’ includes a field index value of “2” (corresponding to FIELD?2), a length
value len(M), a binary data value bin(M), and a record index value of “1” (corresponding

to the first record in the table 201). The ficld index and binary data value are used to
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compile the census entries, as described above. The record index can be used to compile
location information, as described below. The length value len(M), for example, may be
the value 4 (e.g., encoded as a fixed length integer) that represents a length of 4 bytes for
the following binary data value bin(M). The stream 203 in FIG. 2 without the lengths
may be sufficient for a fixed length field of data values whose length (L;) is specified in
the record format and accessible to the census generation module 202 when reading the
clements of the stream 203. But, if the record format does not specify a fixed length and
instead allows the length of a data value to be variable, a length prefix can be included in
cach element, as in the stream 203°. For a blank data value, a length prefix of 0 can be
used followed by no corresponding binary data value.

The census generation is generally performed to enable “field-level” profiling in
which profile information characterizes values appearing in ficlds. In some
implementations, the census generation module 202 also adds to each census entry
location information that identifies, for cach distinct data value, every record in the
datasct in which that data value appears, which is useful for “record-level” profiling. In
this example, the location information can be compiled based on record index values 304
mapped to particular records within the table 201. For example, during the generation of
the census entry for an particular data value in a particular field, a bit vector has its bit
locations set corresponding to integer values of the record index of every record having
that data value in that field. The bit vector can be compressed to reduce storage space
needed. The record index values 304 can be generated, for example, by assigning a
sequence of consecutive integers to each record. The location information can then be
used by the modules 204 and 206 or other data profiling procedures to compile record-
level statistics and to locate (or “drill down” to) records having particular properties
discovered by the data profiling (e.g., all records having a particular data value that was
not expected to occur in a particular field). Compiling the location information may take
additional processing time, but may not be as expensive as compiling record-level
statistics by directly processing every record before the census generation.

Various techniques can be used by the type-dependent processing module 204 to
associate the original data types with corresponding binary data values in the census

arrays for type-dependent processing and eventual canonicalization. In some
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implementations, a binary data value from a census entry has its data type restored by
instantiating a local variable that has the data type retricved from the data type
information 208 using the field index from that census entry. The local variable is
initialized to a value corresponding to the binary data value included in the census entry
(c.g., by parsing the binary data value according to the data type of the local variable).
For example, the local variable may be a variable in the programming language in which
the type-dependent processing module 204 is implemented (e.g., a C or C++ variable).
That instantiated and initialized local variable can then be used for the processing
performed by the type-dependent processing module 204. Alternatively, in some
implementations, instead of instantiating a new local variable, a pointer associated with a
retrieved data type can be set to a memory location at which a binary data value is stored
(e.g., in a census entry). The restoration of the original data type can also be performed
using a function call to invoke a processing module (¢.g., a dedicated engine for
interpreting DML code) to generate lines of code for reinterpreting the binary data values
as typed data values. For example, the function call may be expressed as follows.
reinterpret_as(<data type identifier>,<binary data value>)
The function “reinterpret_as” invokes processing necessary to reinterpret the second
“binary data value” argument as a typed data value that has a data type corresponding to
the first “data type identifier” argument.

As described above, some of the type-dependent processing that is performed may
include checking to determine if the data value is valid for its type. Before determining
whether a data value is valid or invalid for its type, there can be a check to determine if
the data value is null or is missing (indicating the ficld was empty for at least one record).
There may be a predetermined null value (or values, such as any number of ‘space’
characters), which may be defined in the record format. A missing value can be
indicated, for example, by a length prefix that indicates a zero length for the binary data
value. In some cases, a missing value may be handled differently form a null value.
Which data values are considered as null values may depend on the data type.

Canonicalization can be performed at the beginning of the type-independent
processing (by the module 206), or at the end of the type-dependent processing (by the

module 204). Canonicalization may include, for example, converting all data values into
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a data value that has a target data type of ‘string’. If the data value already has a
(restored) data type of ‘string’, then the canonicalization procedure may not perform any
operations on that data value. In some implementations, the canonicalization procedure
may still perform some operations ¢ven if the data value has the target data type (e.g.,
removing leading or trailing ‘space’ characters). It is possible that canonicalization will
map two different data values to the same canonicalized data value. For example, a data
value of “3.14 ” that has a data type of ‘string’ (from a first ficld) may have a trailing
‘space’ character removed to yield a ‘string’ value of “3.14”, and a data value of “3.14”
that has a data type of ‘decimal’ (from a second field) may be converted into the same
‘string’ value of “3.14”. If two different data values from the same ficld (and therefore
having the same original data type) are converted into the same canonicalized data value,
then, in some implementations, the type-independent processing module 206 may
optionally update the appropriate census array to aggregate the census entries for those
two data values so that the count for the new value is the sum of the individual counts of
the old values.

FIG. 4 shows a flowchart 400 of an example of a procedure data profiling using
data type management techniques for delayed type-dependent processing and
canonicalization. This flowchart represents a possible algorithm for data profiling, but is
not meant to restrict what order in which certain steps may be performed (e.g., allowing
for different forms of parallelism). In an outer loop, the system 100 receives (402) a
dataset to be profiled, and stores (404) corresponding data type information that
associates a data type with a corresponding field identifier for each field being profiled.
In an inner loop, the system 100 generates (406) data units (i.c., ficld-value pairs) that
cach include a field identifier that uniquely identifies one of the ficlds and a binary value
from one of the records. The binary value is extracted from the field of the record that is
identified by the field identifier. The system 100 checks (408) to determine if there are
any additional records to process as a condition for ending the inner loop, and checks
(410) to determine if there are any additional datasets to process as a condition for ending
the outer loop.

Potentially in parallel with the inner and outer loops (e.g., using pipeline

parallelism of the modules in FIG. 2), the system 100 aggregates (412) information about
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binary values from a group of the data units (e.g., data units for a particular field based on
the field identifiers). In some implementations, this aggregation is in the form of a
census procedure in which a list of entries is generated (414) for each field being profiled.
Each census entry includes a distinct one of the binary values and information about that
binary value (¢.g., a total count) that was aggregated from multiple data units. In a type-
dependent processing phase, the system 100 retrieves (416) data types associated with
respective field identifiers from the data type information, and associates each retrieved
data type with the binary values included in the entries of the appropriate one of the lists
(based on the field identifier). This enables the system 100 to efficiently generate (418)
profile information for one or more of the fields based at least in part on a retrieved data
type of a particular binary value appearing in the field, after aggregating information
about binary values from multiple data units.

Along with delaying the type-dependent processing and canonicalization until
after census-based aggregation, other techniques can be used in combination to further
increase the efficiency of data profiling (reducing potential delays). For example,
techniques can be used to efficiently spill a working memory space to overflow storage
space. In some implementations, the program performing the data profiling procedure, or
a portion of the program (e.g., the census generation module 202), may be given a
memory limit setting a maximum amount of working memory space within a memory
device that the program is allowed to use. The program may use the working memory
space for storing the census arrays, which may require most of the working memory
space allowed, and for storing other temporary values, which may require significantly
less space than the census arrays. An overflow condition on the working memory space
is satisfied when the module 202 determines that there is likely to be insufficient
available working memory space to add an additional entry to the census array, or that
there is no longer any available working memory space to add an additional entry (e.g.,
due to the last entry added). The module 202 can make this determination by measuring
the total size of the census arrays (including any data values or field-value pairs
referenced by pointers within the census array) and comparing this size to the memory

limit (or other threshold), or by determining the amount of available working memory
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space left without directly measuring the total size of the census arrays (e.g., a range of
memory addresses that are left from an allocated block of memory addresses).

In some implementations, the program sets an overflow threshold to detect when
the total size of the census arrays is close to the memory limit. The total size of the
census arrays can be measured directly, for example, by computing the sum of the sizes
of the individual census arrays, where the size of an individual census array is measured
as a number of bits of within the working memory space occupied by that census array.
Alternatively, the total size of the census arrays can be measured indirectly, for example,
by computing an amount of available space left within the working memory space. In
some implementations, the program sets the overflow threshold that is just below the
memory limit to reserve some space for other values. In some implementations, the
overflow threshold may be equal to the memory limit, for example, if the space needed
for the other values is negligible and/or the profiling module 106 does not impose strict
memory limits, allowing the memory limit to be exceeded by small amounts for relatively
short periods of time.

After an overflow condition has been triggered, the program uses an overflow
processing procedure to store some data needed to generate the completed census arrays
overflow storage space within a storage device (e.g., data storage system 116). Exactly
what is stored in the overflow storage space depends on the type of overflow processing
procedure that is used. U.S. Publication No. 2014/0344508, titled “MANAGING
MEMORY AND STORAGE SPACE FOR A DATA OPERATION,” incorporated herein
by reference, describes examples of overflow processing procedures in which the
program continues to perform the census matching operation for each field-value pair
processed after the overflow condition has been triggered, and stores information
associated with a result of the data operation (i.c., an incremented count in a census entry,
or a new census entry), either in the same set of census arrays in working memory or in a
new set of census arrays in working memory. If an overflow condition was triggered at
some point during the processing of the ficld-value pairs in the stream 203, some data
will be stored in the working memory space, and some data will be stored in the overflow
storage space. In some cases, the data in both locations is combined in some way to

generate completed census arrays. Each census array is output within its own census file
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205 for processing by the type-dependent processing module 204. Since each binary data
value can be extracted and stored in a census array without its associated metadata
indicating its data type, the storage size of the census data can be kept small, which also
reduces the chance that overflow will occur.

The techniques described above can be implemented, for example, using a
programmable computing system executing suitable software instructions or it can be
implemented in suitable hardware such as a field-programmable gate array (FPGA) or in
some hybrid form. For example, in a programmed approach the software may include
procedures in one or more computer programs that execute on one or more programmed
or programmable computing system (which may be of various architectures such as
distributed, client/server, or grid) each including at least one processor, at least one data
storage system (including volatile and/or non-volatile memory and/or storage elements),
at least one user interface (for receiving input using at least one input device or port, and
for providing output using at least one output device or port). The software may include
one or more modules of a larger program, for example, that provides services related to
the design, configuration, and execution of dataflow graphs. The modules of the program
(c.g., clements of a dataflow graph) can be implemented as data structures or other
organized data conforming to a data model stored in a data repository.

The software may be provided on a tangible, non-transitory medium, such as a
CD-ROM or other computer-readable medium (e.g., readable by a general or special
purpose computing system or device), or delivered (e.g., encoded in a propagated signal)
over a communication medium of a network to a tangible, non-transitory medium of a
computing system where it is executed. Some or all of the processing may be performed
on a special purpose computer, or using special-purpose hardware, such as coprocessors
or field-programmable gate arrays (FPGAs) or dedicated, application-specific integrated
circuits (ASICs). The processing may be implemented in a distributed manner in which
different parts of the computation specified by the software are performed by different
computing clements. Each such computer program is preferably stored on or
downloaded to a computer-readable storage medium (e.g., solid state memory or media,
or magnetic or optical media) of a storage device accessible by a general or special

purpose programmable computer, for configuring and operating the computer when the
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storage device medium is read by the computer to perform the processing described
herein. The inventive system may also be considered to be implemented as a tangible,
non-transitory medium, configured with a computer program, where the medium so
configured causes a computer to operate in a specific and predefined manner to perform
one or more of the processing steps described herein.

A number of embodiments of the invention have been described. Nevertheless, it
is to be understood that the foregoing description is intended to illustrate and not to limit
the scope of the invention, which is defined by the scope of the following claims.
Accordingly, other embodiments are also within the scope of the following claims. For
example, various modifications may be made without departing from the scope of the
invention. Additionally, some of the steps described above may be order independent,

and thus can be performed in an order different from that described.
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What is claimed is:

1. A method for processing data in a computing system, the method including:
receiving, over an input device or port of the computing system, a plurality of records that each
have one or more values for respective fields of a plurality of fields;
storing, in a storage medium of the computing system, data type information that associates each
of one or more data types with at least one identifier; and
processing, using at least one processor of the computing system, a plurality of data values from
the records, the processing including:
generating a plurality of data units from the records, each data unit including a field
identifier that uniquely identifies one of the fields and a binary value from one of
the records, the binary value extracted from the field of that record identified by
the field identifier;
aggregating information about binary values from a plurality of the data units;
generating a list of entries for each of one or more of the fields, at least some of the
entries each including one of the binary values and information about that binary
value aggregated from a plurality of the data units;
retrieving a data type associated with a first identifier from the data type information, for

type-dependent processing, and associating the retrieved data type with at least

one binary value included in an entry of one of the lists; and
generating profile information for at least one of the fields based at least in part on a
retrieved data type of a particular binary value appearing in the field, after

aggregating information about binary values from a plurality of the data units.
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2. The method of claim 1, wherein the binary value extracted from the field of that record
identified by the field identifier is extracted as an un-typed sequence of bits; and generating
profile information for at least one of the fields based at least in part on a retrieved data type of a
particular binary value appearing in the field includes reinterpreting the un-typed sequence of

bits as a typed data value that has the retrieved data type.

3. The method of claim 2, wherein the profile information includes type-dependent profiling

results that depend on original data types of the plurality of data values from the records.

4. The method of claim 1, wherein aggregating information about binary values from a plurality
of the data units includes comparing binary values from the plurality of data units with binary

values in the list of entries to determine if there is a match between the binary values.

5. The method of claim 4, wherein the information about that binary value aggregated from a
plurality of the data units includes a total count of matched binary values that is incremented

each time a match is determined when comparing the binary values.

6. The method of claim 4, wherein a match between a first binary value and a second binary
value corresponds a sequence of bits comprising the first binary value being identical to a

sequence of bits comprising the second binary value.

7. The method of claim 1, wherein the data type information associates each of one or more data

types with at least one of the field identifiers.

8. The method of claim 7, wherein retrieving a data type associated with the first identifier from

the data type information includes retrieving a data type associated with a first field identifier.

9. The method of claim 1, wherein each data unit includes: one of the field identifiers, a binary

value from one of the records, and a data type identifier that uniquely identifies one of the data

types.
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10. The method of claim 9, wherein the data type information associates each of one or more

data types with at least one of the data type identifiers.

11. The method of claim 10, wherein retrieving a data type associated with the first identifier
from the data type information includes retrieving a data type associated with a first data type

1dentifier.

12. The method of claim 1, wherein associating the retrieved data type with at least one binary
value included in an entry of one of the lists includes: instantiating a local variable having the
retrieved data type and initializing the instantiated variable to a value based on the binary value

included in the entry.

13. The method of claim 1, wherein associating the retrieved data type with at least one binary
value included in an entry of one of the lists includes: setting a pointer associated with the
retrieved data type to a memory location at which the binary value included in the entry is

stored.

14. The method of claim 1, wherein each data unit includes: one of the field identifiers, a binary

value from one of the records, and an indicator of the length of the binary value.

15. The method of claim 14, wherein the length indicator is stored as a prefix to the binary

value.

16. The method of claim 1, further including receiving, over the input device or port of the

computing system, record format information associated with the plurality of records.

17. The method of claim 16, wherein the data type information is generated based at least in part

on the received record format information.

18. The method of claim 1, wherein the processing further includes: converting binary values

from different respective entries of a first of the lists for a first field from a retrieved data type
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associated with the binary values to a target data type, and converting binary values from
different respective entries of a second of the lists for a second field from a retrieved data type

associated with the binary values to the same target data type.

19. Software stored in a non-transitory form on a computer-readable medium, the software

including instructions for causing a computing system to:
receive, over an input device or port of the computing system, a plurality of records that
each have one or more values for respective fields of a plurality of fields;
store, in a storage medium of the computing system, data type information that associates
each of one or more data types with at least one identifier; and
process, using at least one processor of the computing system, a plurality of data values
from the records, the processing including:
generating a plurality of data units from the records, each data unit including a
field identifier that uniquely identifies one of the fields and a binary value
from one of the records, the binary value extracted from the field of that
record identified by the field identifier;
aggregating information about binary values from a plurality of the data units;

generating a list of entries for each of one or more of the fields, at least some of
the entries each including one of the binary values and information about
that binary value aggregated from a plurality of the data units;

retrieving a data type associated with a first identifier from the data type
information, for type-dependent processing, and associating the retrieved
data type with at least one binary value included in an entry of one of the
lists; and

generating profile information for at least one of the fields based at least in part on
a retrieved data type of a particular binary value appearing in the field,

after aggregating information about binary values from a plurality of the

-27-



data units.

20. The software of claim 19, wherein aggregating information about binary values from a
plurality of the data units includes comparing binary values from the plurality of data units with

binary values in the list of entries to determine if there is a match between the binary values.

21. The software of claim 20, wherein the information about that binary value aggregated from a
plurality of the data units includes a total count of matched binary values that is incremented

each time a match is determined when comparing the binary values.

22. The software of claim 20, wherein a match between a first binary value and a second binary
value corresponds a sequence of bits comprising the first binary value being identical to a

sequence of bits comprising the second binary value.

23. The software of claim 19, wherein the data type information associates each of one or more

data types with at least one of the field identifiers.

24. The software of claim 23, wherein retrieving a data type associated with the first identifier
from the data type information includes retrieving a data type associated with a first field

identifier.

25. The software of claim 19, wherein each data unit includes: one of the field identifiers, a
binary value from one of the records, and a data type identifier that uniquely identifies one of the

data types.

26. The software of claim 25, wherein the data type information associates each of one or more

data types with at least one of the data type identifiers.
27. The software of claim 26, wherein retrieving a data type associated with the first identifier

from the data type information includes retrieving a data type associated with a first data type

1dentifier.
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28. The software of claim 19, wherein associating the retrieved data type with at least one binary
value included in an entry of one of the lists includes: instantiating a local variable having the
retrieved data type and initializing the instantiated variable to a value based on the binary value

included in the entry.

29. The software of claim 19, wherein associating the retrieved data type with at least one binary
value included in an entry of one of the lists includes: setting a pointer associated with the
retrieved data type to a memory location at which the binary value included in the entry is

stored.

30. The software of claim 19, wherein each data unit includes: one of the field identifiers, a

binary value from one of the records, and an indicator of the length of the binary value.

31. The software of claim 30, wherein the length indicator is stored as a prefix to the binary

value.

32. The software of claim 19, further including instructions for causing the computing system to
receive, over the input device or port, record format information associated with the plurality of

records.

33. The software of claim 32, wherein the data type information is generated based at least in

part on the received record format information.

34. The software of claim 19, wherein the processing further includes: converting binary values
from different respective entries of a first of the lists for a first field from a retrieved data type
associated with the binary values to a target data type, and converting binary values from
different respective entries of a second of the lists for a second field from a retrieved data type

associated with the binary values to the same target data type.

35. A computing system including:

an input device or port of the computing system configured to receive a plurality of records that
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each have one or more values for respective fields of a plurality of fields;
a storage medium of the computing system configured to store data type information that
associates each of one or more data types with at least one identifier;
and at least one processor of the computing system configured to process a plurality of data
values from the records, the processing including:
generating a plurality of data units from the records, each data unit including a field
identifier that uniquely identifies one of the fields and a binary value from one of
the records, the binary value extracted from the field of that record identified by
the field identifier;
aggregating information about binary values from a plurality of the data units;
generating a list of entries for each of one or more of the fields, at least some of the
entries each including one of the binary values and information about that binary
value aggregated from a plurality of the data units;
retrieving a data type associated with a first identifier from the data type information, for
type-dependent processing, and associating the retrieved data type with at least
one binary value included in an entry of one of the lists; and
generating profile information for at least one of the fields based at least in part on a
retrieved data type of a particular binary value appearing in the field, after

aggregating information about binary values from a plurality of the data units.

36. The computing system of claim 35, wherein the binary value extracted from the field of that
record identified by the field identifier is extracted as an un-typed sequence of bits; and
generating profile information for at least one of the fields based at least in part on a retrieved
data type of a particular binary value appearing in the field includes reinterpreting the un-typed

sequence of bits as a typed data value that has the retrieved data type.
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37. The computing system of claim 36, wherein the profile information includes type-dependent
profiling results that depend on original data types of the plurality of data values from the

records.

38. The computing system of claim 35, wherein aggregating information about binary values
from a plurality of the data units includes comparing binary values from the plurality of data
units with binary values in the list of entries to determine if there is a match between the binary

values.

39. The computing system of claim 38, wherein the information about that binary value
aggregated from a plurality of the data units includes a total count of matched binary values that

is incremented each time a match is determined when comparing the binary values.

40. The computing system of claim 38, wherein a match between a first binary value and a
second binary value corresponds a sequence of bits comprising the first binary value being

identical to a sequence of bits comprising the second binary value.

41. The computing system of claim 35, wherein the data type information associates each of one

or more data types with at least one of the field identifiers.

42. The computing system of claim 41, wherein retrieving a data type associated with the first
identifier from the data type information includes retrieving a data type associated with a first

field identifier.
43. The computing system of claim 35, wherein each data unit includes: one of the field
identifiers, a binary value from one of the records, and a data type identifier that uniquely

identifies one of the data types.

44. The computing system of claim 43, wherein the data type information associates each of one

or more data types with at least one of the data type identifiers.
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45. The computing system of claim 44, wherein retrieving a data type associated with the first
identifier from the data type information includes retrieving a data type associated with a first

data type identifier.

46. The computing system of claim 35, wherein associating the retrieved data type with at least
one binary value included in an entry of one of the lists includes: instantiating a local variable
having the retrieved data type and initializing the instantiated variable to a value based on the

binary value included in the entry.

47. The computing system of claim 35, wherein associating the retrieved data type with at least
one binary value included in an entry of one of the lists includes: setting a pointer associated
with the retrieved data type to a memory location at which the binary value included in the entry

1s stored.

48. The computing system of claim 35, wherein each data unit includes: one of the field
identifiers, a binary value from one of the records, and an indicator of the length of the binary

value.

49. The computing system of claim 48, wherein the length indicator is stored as a prefix to the

binary value.

50. The computing system of claim 35, wherein the input device or port is further configured to

receive record format information associated with the plurality of records.

51. The computing system of claim 50, wherein the data type information is generated based at

least in part on the received record format information.

52. The computing system of claim 35, wherein the processing further includes: converting
binary values from different respective entries of a first of the lists for a first field from a
retrieved data type associated with the binary values to a target data type, and converting binary

values from different respective entries of a second of the lists for a second field from a retrieved
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data type associated with the binary values to the same target data type.

53. A computing system including:
means for receiving a plurality of records that each have one or more values for respective fields
of a plurality of fields;
means for storing data type information that associates each of one or more data types with at
least one identifier; and
means for processing a plurality of data values from the records, the processing including:
generating a plurality of data units from the records, each data unit including a field
identifier that uniquely identifies one of the fields and a binary value from one of
the records, the binary value extracted from the field of that record identified by
the field identifier;
aggregating information about binary values from a plurality of the data units;
generating a list of entries for each of one or more of the fields, at least some of the
entries each including one of the binary values and information about that binary
value aggregated from a plurality of the data units;
retrieving a data type associated with a first identifier from the data type information, for
type-dependent processing, and associating the retrieved data type with at least
one binary value included in an entry of one of the lists; and
generating profile information for at least one of the fields based at least in part on a
retrieved data type of a particular binary value appearing in the field, after

aggregating information about binary values from a plurality of the data units.

54. The software of claim 19, wherein the binary value extracted from the field of that record

identified by the field identifier is extracted as an un-typed sequence of bits; and generating
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profile information for at least one of the fields based at least in part on a retrieved data type of a
particular binary value appearing in the field includes reinterpreting the un-typed sequence of

bits as a typed data value that has the retrieved data type.

55. The software of claim 54, wherein the profile information includes type-dependent profiling

results that depend on original data types of the plurality of data values from the records.
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