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BACKGROUND

This description relates to processing queriesasoimyg a union-type operation.

A query to a data source specifies data to beeketd from the data source. The
guery can be provided to the data source (e.qafabdse) and a data processing system
associated with the data source (e.g., a databasagement system) can return the data
specified by the query. Various techniques candael o parse the query to identify the
data in the data source specified by the query.

SUMMARY

Aspect 1 is a method of generating a computer pradgrased on an SQL query,
including receiving a SQL query, including a refege to a first data set stored at a first
data source, and including a reference to a sedatadset stored at a second data source
different from the first data source; determinihgttthe SQL query includes two or more
commands, the commands including a first union-typeration, and a first aggregation
operation, and determining that the SQL query dlessithat the first union-type
operation shall be applied to at least a portiodaté from the first data set, and applied
to at least a portion of data from the second setadetermining that the SQL query
describes that the first aggregation operationl $teahpplied to data resulting from the
first union-type operation; generating a computegpam on a first system based on the
SQL query, the computer program configured fomdraitting instructions that direct a
second system to perform a second aggregationtapeom a portion of data from the
first data set; receiving, from the second sysparticular data set that is a summary of



the first portion of data; and performing a secantn-type operation on the particular
data set and a summary of a portion of data frarsdtond data set.

Aspect 2 is the method of aspect 1, in which themater program is further
configured for: transmitting instructions that dira third system to perform a second
aggregation operation on a portion of data fromsteond data set; and receiving, from
the third system, a particular data set that istiramary of the second portion of data.

Aspect 3 is the method of aspect 1 or 2, in whiehdomputer program includes a
first component representing the union-type openatif the SQL query that is applied to
the data sets that are summaries of the firstgpodf data and a summary of the second
portion of data, where the summaries each congaerf records than their respective
corresponding portions of data, and a second coamigepresenting the first data set,
where the second component, when executed, céhesasstructions to be transmitted.

Aspect 4 is the method of aspect 3, including eltbomponent representing the
second data set, and a fourth component repregeatinird aggregation operation,
where output of the third component flows to therfb component, and output of the
fourth component flows to the first component.

Aspect 5 is the method of aspect 3 or 4, in whighdutput of the second
component includes the particular data set thidiisummary of the first portion of data.

Aspect 6 is the method of aspect 3, 4, or 5 in i@ component representing
the first data source transmits the instructiorfgenein the instructions are carried out
before the first system causes data to be trareshtitt a system executing the computer
program.

Aspect 7 is the method of any of aspects 1 thrdughwhich the instructions
include a SQL statement that includes a comman@seonding to the second
aggregation operation.

Aspect 8 is the method of any of aspects 1 thrauighwhich generating the
computer program based on the SQL query includesrgéng a query plan based on the
SQL query; adding, to the query plan, the secompleaation operation that is applied to
data from the first data source; determining thatfirst system includes functionality for

carrying out the second aggregation operation; ragtipg, to a portion of the query plan



representing the first data set, instructions toyoaut the second aggregation operation;
and generating the computer program based on &y glan.

Aspect 9 is the method of any of aspects 1 thrd@ighwhich the first
aggregation operation is a minimum, maximum, sungpoint operation, and the second
aggregation operation is of the same type of aggi@yoperation as the first aggregation
operation.

Aspect 10 is the method of any of aspects 1 thr@ughwhich the first
aggregation operation is an average operationtr@ngecond aggregation operation is a
sum operation or a count operation.

Aspect 11 is the method of any of aspects 1 thrdigimcluding determining the
second aggregation operation based on first aggoagaperation.

Aspect 12 is the method of aspect 11 in which daténg the second
aggregation operation based on first aggregati@nation includes determining a
sequence of operations that, when carried out,ymesloutput equivalent to output of the
first aggregation operation, and selecting the sé@ggregation operation from the
sequence of operations.

Aspect 13 is the method of any of aspects 1 thrdiyim which the first union-
type operation is of the same type to the secomzhtiiype operation.

Aspect 14 is the method of any of aspects 1 thrdigthe first system includes a
graph-based processing system, and the secondnsiystieides a relational database
management system.

One or more of the aspects, alone or in combinati@y be represented as a
system, or an apparatus, or as a computer reastaloége device storing a computer
program product including machine readable insioastthat, when executed by a
computer system, carry out operations of the aspeascbne example, a computer
readable storage device can store a computer pnggr@duct including machine
readable instructions that, when executed by a atengystem, carry out operations
according to any one of the first through thirtéeaspects. As another example, a
computer system including one or more processorsncdude a computer-readable
storage device storing a computer program prodhattincludes machine readable



instructions that, when executed by the one or rpoveessors, carry out operations
according to any one of the first through thirtéeaspects.

Aspects can include one or more of the followingaadages. A data processing
system push down aggregation operations to redhecarnount of data transferred from
data sources. A computer program correspondingjteeay can be simplified, for
example, by removing components.

Other features and advantages of the inventionbeitbme apparent from the

following description, and from the claims.

DESCRIPTION OF DRAWINGS
Figure 1 shows a data processing system that cexe$s a query.
Figure 2 shows elements of the data processingrsyst
Figures 3 and 4 show query plans.
Figures 5 and 6 show computer programs.

Figures 7 and 8 are flowcharts.

DESCRIPTION

A data processing system can convert a query @sieim SQL query) into a
computer program such as a dataflow graph. Thdloatgraph includes components
which, when executed, carry out operations (eaa grocessing operations) equivalent
to operations of the query. A system that genethisomputer program from the query
can determine that some operations can be perfoométe data source (e.g., a database
system). For example, a component of the computgram can be “pushed down” to
the data source by instructing the data sourcetimpn one or more operations
represented by the component, upon which the coemgaan be eliminated from the
computer program. For example, the computer prog@aminstruct the data source to
perform the operations by transmitting a SQL st&tetnto the data source which, when
executed at the data source, carries out the opaesat

A SQL query (also referred to as SQL statements)commmands and syntax
defined by the structured query language (SQLyemeral, a query is a statement that
specifies a subset of data in one or more datdsstsire indicated in the query. The

specified subset can be returned by a system theegses the query to the system that



issued the query. The data specified by the quedyr@turned in response to the query is
generally a portion of the total data stored indhtaset indicated by the query. An
example of an SQL query could be “SELECT last_n&ROM current_customers.”

This SQL query includes an operation, SELECT, windtructs a system executing the
guery to retrieve data according to the argumeitiseoSELECT operation. In the syntax
of SQL, the arguments are “current_customers,” tvisa set of data such as a database
table, and “last_name,” which is a column of theatlase table. When a system interprets
the query and executes the operations of the gtrexysystem will return the data of the
last_name column (e.g., each portion of data coethin the last_name column) in
response to the query. SQL is described in det4BQL Bible, 29 Edition” by Alex

Kriegel and Boris Trukhnov, published April 7, 2008BN 978-0470229064, hereby
incorporated by reference.

Sometimes the query can include operations perfdimnea combination of
records from two or more data sources. For exantpdeguery may include a union-type
operation. A union-type operation generates afsgata that includes records from two
or more data sources and provides the set of datatput. Put another way, a union-type
operation combines data from two or more sourcesarsingle set of data. The term
“union” (e.g., the UNION command in SQL) typicaligfers to a union-type operation
that removes data elements duplicated in both sswtdata before providing its output,
while “union all” (e.g., the UNION ALL command inC&.) typically refers to a union-
type operation that data elements duplicated ih botirces of data before providing its
output. For example, if two data sets each corted@phone numbers and both sets of
data contain an element of data representing tephtene number “555-1212” then the
“union” operation will output only one element citd representing the telephone
number “555-1212” while the “union all” operationlMoutput two elements of data
representing the telephone number “555-1212.”

The query may also include an aggregation oper&tian, an operation such as
SUM, COUNT, AVG, MIN, or MAX) after the union-typeperation. An aggregation
operation, which is sometimes called an aggregdtination or a summarization
operation, provides output data summarizing inpa&dsuch that the output data is

typically much smaller in size than the input déftéghe query includes an aggregation



operation after the union-type operation, the sydteat generates the computer program
can place an aggregation operation before the tigfmaoperation, since only a

summary of the data received from the data sousceseded to carry out the aggregation
operation. Further, the aggregation operationsepldefore the union-type operation can
be pushed down into their respective associatexistatrces if any or all of the data
sources have been determined to natively supper/dlgregation operation. This

typically reduces the amount of data transferrethfthe data sources, since the computer
program only receives a summary of the data thatdvotherwise be received from

some or all of the data sources.

As a real world example, a telephone corporatioy stare records of telephone
calls that go back for 60 days. The company mag laagtata store containing the last 7
days of telephone records, and another data sbotaining the remaining 53 days of
records. A query performed on all 60 days of resan@y include a union-type operation,
and an aggregation operation can be pushed doametor both of the data stores.
Further, the data store containing the last 7 dayslephone records could be a relational
database, and the data store containing the remgei@ days of records could be a type
of data store other than a relational databasesXample, a flat file. An aggregation
operation could still be pushed down to the retatlalatabase containing the last 7 days
of telephone records.

Figure 1 shows a data processing system 100 thagircgess a query 102 to
generate results 104 specified by the query 108.r&sults 104 are based on data 106
received from data sources 110, 120 that are mefeckby the query 102. The data
processing system 100 receives the data 106 iemesgo instructions 114, 124 that the
data processing system 100 generates based onghel?2.

A query 102 is used to retrieve data determinduktepecified by the query.

One type of query 102 is a structured query langy&®L) query. SQL queries
(also referred to as SQL statements) use commantbsyatax defined by the structured
qguery language. A typical example of a resourcerétarns data in response to a query
is a relational database. A relational databasecisllection of one or more database
tables and a system that manages data proces®ratiops such as interpreting SQL

queries, reading data from the tables, writing datide tables, and performing other



kinds of data processing functions. A databasetisd collection of data arranged in a)
rows each representing a record and b) columnsrepcbsenting a category of data
stored in the rows. For example, a database talledc‘current_customers” may have
rows each representing a current customer of anéssiand may have columns
representing categories of data such as name etidtemer, address of the customer,
last product purchased by the customer, and so on.

The data sources 110, 120 are external to thepdatessing system 100. By
external to the data processing system 100, we th@athe resource is not one of the
components of the data processing system 100. (8omponents of the data processing
system 100 are shown in detail in figure 2). Faregle, the data sources 110, 120 could
be facilities that communicate using a network.(elge Internet). The data processing
system 100 communicates with the data sources1Pby sending data to, and
receiving data from, a network.

As shown in the figure, the data processing sydt@éhcan receive a query 102
that includes references 101, 103 to multiple dataces 110, 120. The data sources 110,
120 each contain one or more sets of data. For @eathe data sources 110, 120 could
include sets of data such as database tablesfildataor other data structures stored on
storage media, e.g., tangible, non-transitory caempreadable media.

Further, a data source is typically managed bystesy associated with the data
source. For example, if the data source is a oslatidatabase containing a database table
(or a collection of database tables), the relatidatabase may be managed by a
relational database management system (RDBMS)réfeeences 101, 103 can be any
information that identifies a data source. In s@xamples, the references 101, 103 are
alphanumeric “names” of the data sources 110, 120.

A relational database management system (RDBM&}¥istem that processes
instructions directed to creating and modifyingadstbred in the relational database. An
RDBMS includes functionality for interpreting a queand returning data specified by
the query. The combination of interpreting a quaanyg returning data specified by the
guery is sometimes referred to as executing theyq&er example, some RDBMS
implementations include an engine which a) parse®k query, b) identifies operations



that are defined by the structured query languegelentifies arguments of the
commands, and d) carries out (e.g., executes)gbrbons according to the arguments.

As described above, the SQL query “SELECT last_nBR@M
current_customers, includes an operation, SELEQilgwinstructs an RDBMS to
retrieve data according to the arguments of theESEIL operation. The arguments are
“current_customers,” which is a database table gedhéy the RDBMS, and
“last_name,” which is a column of the databasectallhen the RDBMS interprets the
guery and executes the operations of the quenRBPBMS will return the data of the
last_name column (e.g., each portion of data coethin the last_name column) in
response to the query.

The data processing system 100 generates a congpaggam 108 (sometimes
referred to as a data processing program) baséueaquery 102. For example, the
computer program 108 can be generated using anee(gig., an engine that forms a
subsystem of the data processing system 100)akes & query as input and produces a
dataflow graph as output. Although a dataflow greplsed as an example here, the
computer program can be any kind of program thatides program code that can be
executed to carry out instructions representechbyptogram code.

In this way, a computer program such as the computgram 108 shown in
figure 1 can, when executed, produce the same paspihe execution of the
corresponding query 102, e.g., by a database mar@ageystem such as an RDBMS.
Thus, a query 102 can be written using a querydagg such as SQL. However, the
systems, e.g., subsystems of the data processstensyL00, carrying out the
corresponding data processing operations can ex#éwoeicomputer program 108 in order
to perform operations that are equivalent to opematthat would be performed by a
system (e.g., an RDBMS) that executed the querybi®2lid not execute the computer
program 108. When we say that two operations anezalgnt, we mean that the two
operations produce substantially the same outgatwlaen provided with the same input
data. As an example, two operations may producetigxhe same output data when
provided with the same input data. As an example,dperations provided with the
same input data may produce output data that ofigrslin data formatting, e.g., one

operation may produce comma-delimited output datd,an equivalent operation may



produce tab-delimited output data that is othenndsatical to the comma-delimited
output data.

In some examples, some of the operations of theydig® can be carried out by
the computer program 108 and some of the operatibtiee query 102 can be pushed
down to the data sources 110, 120. By this we ntieatrthe data processing system 100
identifies operations in the query 102 that capdédormed by one or more of the
systems 112, 122 managing the data sources 110Th2@lata processing system 100
can then generate instructions 114, 124 that, welenuted by the systems 112, 122,
cause the systems 112, 122 to perform operatiansagnt to the operations identified
by the data processing system 100. The computgram108 can be configured to
transmit the instructions 114, 124 to the systefrs 122 when the computer program
108 is executed. The instructions 114, 124 cam$teuctions in any format that can be
executed by the systems 112, 122.

In some examples, the respective capabilitiesefitita sources 110, 120 are
known to the data processing system 100 based mnmrknharacteristics of the data
sources 110, 120. For example, if the data proecgssistem 100 communicates with one
of the data sources 110 using SQL statements,itieealready known to the data
processing system 100 that the data source 1Hpabte of processing SQL statements.
With this information, the data processing syst€f ¢an identify other operations that
can be represented as SQL statements and thusbedodown to the data source 110.

In some examples, the operation that is pushed d®wamn aggregation operation
105. Because an aggregation operation 105 tak#est@nand produces a summary of the
data, an aggregation operation 105 typically preducsmall amount of output data
relative to its input data. For this reason, geserally more efficient for an operation
corresponding to the aggregation operation 10%todoried out by the systems 112, 122
managing the data sources 110, 120. In this wayd#éta processing system 100 only
receives summary data 116, 126 from each of theestatrces 110, 120. The summary
data 116, 126 is typically a smaller quantity ofedidnan the data 106 that would be
transferred from the data sources 110, 120 if anagjpn corresponding to the
aggregation operation 105 were performed by thepeen program 108 executing on

the data processing system 100. Further, an aggreggperation can generally be



represented as a SQL statement or a portion oflas&Pement, and so it is an example
of an operation that can be pushed down to a sysé@able of processing SQL
statements (e.g., an RDBMS). In this way, the d@&returned from each data source
110, 120 is a summary of a portion of data stonetie respective data source, rather
than the portion of data (e.g., a portion of a base table or portion of other body of data
as specified by the query 102) itself.

The aggregation operation 105 can be pushed doamié®a union-type operation
precedes the aggregation operation 105 in the du@tywhich is shown in detail in
figures 3 and 4.

Figure 2 shows elements of the data processingrays00 that can be used to
interpret a query 102 and generate a computer gnod08 corresponding to the query
102.

The query 102 is received by a query planner 13@hwienerates a query plan
132 corresponding to the query 102. For exampéegd#ta processing system 100 can
provide the query 102 to the query planner 130uérg plan is a description of
operations (e.g., data processing operationsnthgtbe performed if the query is
executed. For example, the operations may be dsgalgerations, e.g., carried out by a
database management system. The operations ceuoltbék other forms. Database
operations are sometimes referred to as databasgduis or database tasks.

The query plan may describe one possible arrangesh@perations, even if
other arrangements of the operations or a diffegenof operations would accomplish
the same result. A query planner is a system #dragenerate a query plan based on
information about a query and information aboutdaturces used by the query.

In some arrangements, operations may be executetious orders while still
providing equivalent outputs. As such, the queanpker may have functionality that
determines an optimal query plan. For example,imal query plan could be the query
plan that describes the arrangement of operatmmesxiecuting the query in the least
amount of time, or using the least amount of datalvasources such as data storage
space, or otherwise accomplishing the query witlimstraints that have been identified
by the database system. The query planner’s furaity for determining an optimal

guery plan may include functionality that scoresasks many possible query plans, and
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may also include functionality that rearranges fmssjuery plans to an optimal or
efficient configuration.

A single query can be executed multiple times, @axch execution could have a
unique optimal query plan. For example, the dataiwia database table could change
between two executions of a query. In this exantpke pperations described in the query
plan that was generated for the first executiothefquery may need more or less
execution time during the second execution of thergthan during the first execution.
In this case, a different arrangement of operatioag be better suited to the second
execution of the query, for example, a differemaiagement of the same operations, or an
arrangement of different operations. A query plptirized for the second execution of
the query can be generated for that executiomgakito account the momentary state of
the database table.

The query plan 132 is received by a computer pragganeration engine 140.
The computer program generation engine 140 gersesatemputer program 108 that,
when executed, carries out operations corresponditige query 102. For example, the
guery 102 contains one or more operations defilyatid structured query language and
arguments associated with the operations. In ttasle, the computer program 108
contains executable functionality that is equivaterthe operations of the SQL query,
and, when the computer program 108 is executed;dimputer program 108 executes
based on the same arguments.

The computer program generation engine 140 anatjeeguery plan 132 to
determine whether the operations represented bguéery plan 132 should be changed
before the computer program 108 is generated. Beddne computer program 108 is
generated based on the query plan 132, the commaigram generation engine 140 can
use the results of the analysis to modify the qéap 132 before proceeding with the
generation of the computer program 108. For exantipbequery plan 132 may include a
union-type operation followed by an aggregationrapen. If so, the computer program
generation engine 140 can modify the query plantt32ace the aggregation operation
before the union-type operation. This is showrunthfer detail in figures 3 and 4.

When the computer program generation engine 148rgtes the computer

program, the computer program generation enginecadldentify the aggregation
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operations as candidates for push-down to thestateces because they are performed
on data received directly from the data sources,(#e data is not subject to any
operations before the aggregation operation). Dngptiter program generation engine
140 can then determine if either or both of theesys 112, 122 managing the data
sources 110, 120 are capable of performing an tiperequivalent to the aggregation
operation. If the first system 112 is capable ofgrening an operation equivalent to the
aggregation operation, the computer program genarahgine 140 configures the
computer program 108 to transmit instructions lthe first system 112 instructing the
first system 112 to perform the operation equivialerthe aggregation operation and
return summary data to the computer program. Isdeond system 122 is capable of
performing an operation equivalent to the aggregatiperation, the computer program
generation engine 140 configures the computer prodr08 to transmit instructions 124
to the second system 122 instructing the secortdrays22 to perform the operation
equivalent to the aggregation operation and resummary data to the computer
program.

In some implementations, the computer program h6Bides a dataflow graph
142. A dataflow graph is a computer program thata@ios components representing
operations to be performed on input data and Ibdteveen the components (sometimes
called nodes) representing flows of data. The djmgrarepresented by the components
generate output data based on the input data lmggsmg the input data. A component
can provide input data to and receive output data other components if the
component is linked to the other components, ircvigach link between two
components represents a flow of data from oneettdmponents to the other
component. A subset of components of a graph @ng.or more components of the
graph) is sometimes referred to as a subgrapheadridph. When the dataflow graph is
executed by a graph-based processing system, é#uh @dmponents is executed, e.g., a
computer program or portion of a computer programxiecuted and carries out the
operation represented by the component. Duringwgiaecthe dataflow graph receives
input data which is processed (e.g., operated ahdpperations of the dataflow graph’s
components) to generate output data. In some examgme or all components of a

dataflow graph are each associated with informdtomvoking executable program
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code to perform the operation associated with dmeponent. For example, a component
may be associated with a reference to a compubgrgm stored in computer-readable
storage containing computer-executable instructfonsarrying out the operation
associated with the component, e.g., processingatpditting data. In some examples,
some or all components of a dataflow graph are aasbciated with information for
making data available to the program code. For @&na component may be associated
with function calls that can be invoked to delidata to the executable program
associated with the component, or the componentbaassociated with network ports
that can receive data that is delivered to theadde program associated with the
component, or the component may be associatedanather technique for delivering
data to the executable program associated withdhwonent. In this way, each
component can receive, process, and output data.

One example of a graph-based system is describgetail in U.S. Publication
No. 2007/0011668, titled “Managing Parameters faapgh-Based Applications,”
incorporated herein by reference. A system for etteg graph-based computations is
described in U.S. Patent 5,966,072, titled “ExewyComputations Expressed as
Graphs,” incorporated herein by reference. Furtt@mponents of a dataflow graph can
be substituted for operations of a query 102. Teglas in accordance with this
substitution are further described in U.S. PubiaaiNo. 2011/0179014A1, titled
“Managing Data Queries,” and U.S. Publication N@12/0284255A1, also titled
“Managing Data Queries,” incorporated herein bgrefce. In some implementations, a
dataflow graph can be produced from a query 102.

In some implementations, the computer program Hd8be configured with
parameters. For example, the parameters may besvédat can be changed to change the
behavior of the program. As a specific examplea@meter may be “filename” and the
value of the parameter could be the location atear a file system. The value of the
parameter can be changed to a location of a diftéile to configure the program to
access the different file. Two instances of theesanogram can be configured with
different parameter values, which will change tkebdvior of the two instances of the

same program.
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An execution engine 150 receives the computer pragr08. The execution
engine 150 then executes the computer programel@8,carries out instructions
specified by program code associated with the ceengrogram 108. When executed,
the computer program 108 generates instructionsI24land transmits the instructions
114, 124 to the systems 112, 122 managing thesdatraes 110, 120.

In some implementations, for example, if the corapptogram 108 is a dataflow
graph, the execution engine 150 includes a speedhlbperating system, sometimes
called a graph operating system. A graph operaystem is a computer program
capable of executing the operations underlyingviddial components of a dataflow
graph. For example, if a component of a dataflospbrrepresents an operation to be
carried out by a data processing system, the grpphating system is tasked with
instructing a data processing system to carryleibperation.

After sending the instructions 114, 124 to theayst 112, 122 managing the data
sources 110, 120, the computer program 108 recsivesnary data 116, 126 from the
data sources 110, 120. The execution engine 150ubes the summary data 116, 126 in
the execution of the computer program 108 to predasults 104 of the query 102. In
this way, the data processing system 100 can exd#oaitquery 102 to generate results
104 specified by the query.

Figure 3 shows a query 200 written in SQL and &op@l representation of a
qguery plan 210 representing the query. For exantipéeguery 200 could be an example
of the query 102 shown in figures 1 and 2, andjtinery plan 210 could be an example of
the query plan 132 shown in figure 2. The query 0@sed to calculate the maximum
value of a column called “price” found in two dat@urces (e.g., relational database
tables) called “Boston” and “New York.” The two datources are identified by
arguments 202, 204 in the query 200. The queryai)calls for an operation called
“GROUP BY hotel_chain” to be performed, which greupe data of the output
according to one of the columns of the output, Whiere is the hotel_chain column. As a
real-world example, this query could be used taiobthe maximum (“max”) price of
hotel rooms recorded in both a Boston databasetefdhand a New York database of
hotels. When the query is executed, the data flemwo data sources is unioned (e.g.,

- 14-



combined) and grouped by hotel chain. Then, theimamx price of a hotel room for
each hotel chain is identified and returned.

The query plan 210 includes an identification @& two data sources 212, 214,
which each provide data that are combined by andtyipe operation 216. For example,
the union-type operation 216 could be equivalerittoon” or “union all,” depending,
for example, on the operation specified in the $Qéery 200. Here, the “union”
operation (e.g, the UNION command) is specifiethen SQL query 200.

The output of the union-type operation 216 is pies to a GROUP BY
operation 217 which processes the data, e.g.,dypgrg the data by the hotel_chain
column. The processed data is passed to a rolle@tpn 218 which determines the
maximum value of the input data. The maximum vadude result of the query 200.

Figure 4 shows another version of the query pla@a2This version of the query
plan 210a has been modified, e.g., modified byctiraputer program generation engine
140 shown in figure 2. (In some examples, the nicatibn is performed in the query
planner 130 before the query plan 132 is providetthé generation engine 140). In this
version of the query plan 210a, a rollup operafitBa has been placed between the first
data source 212 and the union-type operation 2ibaaother rollup operation 218b has
been placed between the second data source 21endion-type operation 216. This
arrangement of the query plan 210a will producestirae output as the query plan 210 in
the arrangement shown in figure 3. Further, ifeitthata source data source 212, 214 is
capable of carrying out an operation equivalenhéorollup operation 218a, 218b, then
the respective rollup operation 218a, 218b canuséigd down to the corresponding data
source 212, 214.

This version of the query plan 210a includes anteaal rollup operation 219
after the union-type operation. Because the radjogrations 218a, 218b each represent a
“max” (maximum) operation, the maximum of the uniype operation output must be
determined to identify the maximum value betweentto values output by the union-
type operation (e.g., the two values returned kyttlup operations 218a, 218b). Thus, a
rollup operation 219 operates on the output ofutiien-type operation 216 and GROUP
BY operation 217, just as a rollup operation 218rates on the output of the union-type

operation 216 and GROUP BY operation 217 showrguré 3. However, this rollup
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operation 219 shown in figure 4 operates in a gengll amount of data relative to the
rollup operation 218 in this position shown in figLB.

The query plan 210a shown in figure 4 can be gemetaased on properties of
aggregation operations. For example, the folloveregsome properties of aggregation
operations, including MIN (minimum data value), MAXaximum data value), SUM
(summation of data values), COUNT (number of resprdnd AVG (average of data
values). Each of these properties represents ae®sipn that includes an aggregation
operation, and an equivalent expression that imdudultiple aggregation operations
performed in a sequence. Some of these propemntegde an application of a distributive
property, in which, given a function f, the exptiess(X, Y) is equivalent to the
expression f(f(X), f(Y)). In general, an aggregatmperation can be converted to a
sequence of aggregation operations according s& theperties, and then some of the

operations of the sequence can be “pushed dowa’sistem that manages a data source.

Property 1: AGG(X UNION ALL Y) = AGG(AGG(X) UNION AL AGG(Y))
[where AGG is one of MIN, MAX, or SUM]

Property 2: COUNT(X UNION ALL Y) = SUM(COUNT (X) UMN ALL
COUNT (Y))

Property 3: AVG(X UNION ALL Y) = SUM(X UNION ALL Y)/ COUNT(X
UNION ALL Y) = SUM(SUM(X) UNION ALL SUM(Y)) / SUM(COUNT(X)
UNION ALL COUNT(Y))

Property 4: AGG(X UNION Y) = AGG(AGG(X) UNION AGG()) [where AGG
is one of MIN or MAX]

The following pseudocode represents a techniquenétifying a query plan to

push down one or more aggregation operations ediclwing a union-type operation.

Given a query plan with a range table of scopes and subqueries, where
each subquery defines a target list of target entry expressions:
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Traverse each subquery in the query plan starting f rom the top level.

For each subquery perform the following checks and transformations:
Check if query has just one range table of subqg uery type with non-
empty union parameter. Go to the next subquery if n ot.

For each target entry in query target list:
Check if target entry has an aggregate comm and. Go to the next
target entry if not.
Check if (aggregate command in (SUM, COUNT, AVG) and UNION ALL)
or (aggregate command in (MIN, MAX) and UNION). Go to the next subquery if not.
Transform subquery in query range table.
For each range table in subquery:
Create new subquery and copy range tabl e to the new
subquery's range table list.
Copy query target list and group clause to the new subquery's
target list and group clause.
Check if target list has AVG function. Add SUM() and COUNTY()
functions for each AVG() function to the target lis tif so.
Replace range table with new subquery.
For each target entry in query target list:
Check if target list has AVG function. Replace each AVG()
function with corresponding newly formed SUM()/COUN T().

Figure 5 shows a computer program 300 generatedtinie query plan 210a. This
computer program 300 could be an example of thepoten program 108 shown in
figures 1 and 2. This computer program 300 is afttat graph containing components
connected by links representing flows of data, @ndd also be an example of a dataflow
graph 132 as shown in figure 2.

The computer program 300 has components repregesxacutable code (e.g.,
one or more executable operations). The computgram 300 has a component 302
representing output data of the first data souldhd a component 304 representing
output data of the second data source 214. Thedwgponents 302, 304 are linked to a
component 306 representing the union-type oper&tidén In some implementations, the
component 306 can be a combination of multiple comepts, e.g., a subgraph. This
component 306 is linked to a component 308 togetmesenting the rollup operation
219 and the GROUP BY operation 217. When the coemgarogram 300 executes, the
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output of the computer program 300 is equivalenhé&output of a system that executes
the query 200 written in SQL shown in figure 3.

Each of the components 302, 304 representing odftatof data sources has
been configured to transmit instructions to themresponding data sources. For example,
the component 302 representing output data of tretdd data source 212 has been
configured with instructions which, when transndtte a system managing the Boston
data source 212 (e.g., a system managing the elstatered at the Boston data source
212), performs an operation equivalent to a sun@aton operation represented by the
rollup operation 218a shown in figure 4. The operais carried out before any data is
received by the computer program 300. In some imptgations, the component 302
may transmit a SQL query to the system managin@tdston data source 212. Here, the
SQL query may specify a maximum of the “price” guluof a database table stored at
the Boston data source 212. The instructions coeld SQL statement, e.GELECT
max(price), hotel_chain FROM Boston GROUP BY hotel_ chain ”. In
this way, the rollup operation 218a has been pusdbgad to the Boston data source 212.

In this example, the aggregation operations haea peshed down to both the
Boston data source 212 and the New York data s@ir¢eThus, the systems managing
the Boston data source 212 and the New York dataees@14 have been determined to
be capable of performing an operation equivaletihécaggregation operation. In some
implementations, this determination is made bycthrputer program generation engine
140 shown in figure 2, and the computer progranegaion engine 140 uses this
determination when generating the computer prog@@m In some implementations, this
determination is made by the query planner 130 shaviigure 2, and the query plan
132 is modified by the query planner 130 to incoap®the push-down of the
aggregation operations. In these implementatitrescomputer program generation
engine 140 can generate the computer program 8@0tfre query plan 132 and does not
need to evaluate the capabilities of the systemsagiag the data sources identified in
the query plan 132.

In some examples, at least one of the data soaragsiot be capable of
performing an operation equivalent to the aggregadperation. Figure 6 shows an

example of a computer program 300a generated fnenquery plan 210a. In this
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example, system managing the Boston data sourced&lBeen determined to be capable
of performing an operation equivalent to the aggtieg operation. However, the system
managing the New York data source 214 has beemdet to be incapable of
performing an operation equivalent to the aggregadperation. Thus, in this computer
program 300a, the component 304 representing ttpaibaf the New York data source
214 is linked to a rollup component 305, whichimkéd to the component 306
representing the union-type operation. Here, bexthesMAX operation cannot be
pushed down to the New York data source 214, tieeation is instead performed at the
rollup component 305. The component 302 represgitii@ output of the Boston data
source 214 is configured to send instructions ¢oBbston data source 214 to carry out
an operation equivalent to the aggregation operé&i8a from the query plan 210, and
so the component 302 representing the output dBtiston data source 214 is linked to
the component 306 representing the union-type tipardn this way, an aggregation
operation can be pushed down to some data sowegsfeother data sources do not
support the operation.

Figure 7 shows a flowchart representing a procedQéefor generating a
computer program based on an SQL query. The proeei® can be carried out, for
example, by components of the data processingraysd® shown in figure 1.

The procedure receives 402 a SQL query. For exanideSQL query can be an
example of the query 102 shown in figure 1. In s@x&mples, the SQL query includes
references to one or more data sets that are ekxterthe data processing system. For
example, the query could have a reference to edats set stored at a first data source,
and a reference to a second data set stored abadsdata source different from the first
data source. For example, the data sources couleldi®mnal databases (e.g., storing
relational database tables), flat files accessibldata storage, data streams accessible
via a network, HDFS (Hadoop Distributed File Syskdiles, or other kinds of data
sources. The data sources 110, 120 shown in filpare examples of data sources, and
the data sets could be data stored at the dateesolit 0, 120. Examples of references are
the arguments 202, 204 shown in figure 3.

The procedure determines 404 that the SQL quetydes two or more

commands, the commands including a first union-typeration and a first aggregation
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operation. In some implementations, the union-typeration is applied to a first portion
of data based on data received from a first datecepand also is applied to a second
portion of data based on data received from a skdata source. An example of the SQL
guery is the SQL query 200 shown in figure 3. Imedmplementations, the SQL query
is determined to include the union-type operatiod the first aggregation operation
based on a query plan generated from the SQL query.

The procedure determines 406 that the SQL queryides that the first union-
type operation shall be applied to at least a porif data from the first data set, and
applied to at least a portion of data from the sdadata set. For example, the process
could parse the SQL query to identify the unionetygperation (e.g., UNION or UNION
ALL) and identify arguments corresponding to thetjpos of data (e.g., arguments
specifying data sources containing the portiondatd).

The procedure determines 408 that the SQL quermyithes that the first
aggregation operation shall be applied to datdtiegurom the first union-type
operation. For example, the procedure could paes&QL query to identify the first
aggregation operation and, for example, that thenitype operation is provided as an
argument to the first aggregation operation.

In some implementations, the procedure determirsetand aggregation
operation based on the first aggregation operakonexample, the procedure may
determine a sequence of operations that, wheredaorit, produces output equivalent to
output of the first aggregation operation, anddsléhe second aggregation operation
from the sequence of operations. As one exampédjrt aggregation operation could
be a minimum, maximum, sum, or count operation,thrcsecond aggregation operation
could be of the same type of aggregation operasotie first aggregation operation. As
another example, the first aggregation operatiaidcbe an average operation, and the
second aggregation operation could be a sum operatia count operation. In these
examples, the second aggregation operation istedlaccording to one of Properties 1-4
described above.

In some implementations, the procedure determimesthhe second aggregation
operation can be performed by a system that mariagdsst data source. For example,

if the system that manages the data source is &M3that can execute SQL
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statements, then the system can perform the aggreggeration if the operation is
represented as part of a SQL statement. Examplas BDBMS 112, 122 are shown in
figure 1.

The procedure generates 410 a computer progrard bashe SQL query. In
some implementations, the computer program is géeeiby a first system, e.g., the data
processing system 100 shown in figure 1. The exatwaf the program may correspond
to the procedure 500 shown in figure 8 below. Imeamplementations, this includes
generating a query plan based on the SQL querynggdib the query plan, a second
aggregation operation which is applied to data fthenfirst data source; determining that
a first system associated with the first data seimcludes the functionality for carrying
out the second aggregation operation; appendirgptartion of the query plan
representing the first data source, instructiorsatoy out the second aggregation
operation; and generating the computer programdoasehe query plan. The program
can then be executed.

In some implementations, the computer program gee@10 in the procedure
400 includes a first component representing thenstype operation of the SQL query.
The first component is applied to a summary offits portion of data and a summary of
the second portion of data, where the summarids @aaain fewer records than their
respective corresponding portions of data. The edergprogram can also include a
second component representing the first data spwioere the second component, when
executed, causes the instructions to be transnidteskecution by the first system. The
instructions may include a SQL statement that ithetua command corresponding to the
second aggregation operation. Further, the instmtare carried out before the first
system causes data to be transmitted to a systeontaxg the computer program.

In this example, the output of the second compomay include the summary of
the first portion of data from the first data sar¢he computer program may also
include a third component representing the secaia sburce, and a fourth component
representing a third aggregation operation, whegeotitput of the third component flows
to the fourth component, and the output of thettoaomponent flows to the first
component. For example, the third aggregation aperaould be represented by the

component 305 shown in figure 6. Further, the ougfpthe first component may flow to

-21-



another aggregation operation, e.g., as represégtdte component 308 shown in figure
6.

In some implementations, the computer program tadéssmits instructions that
direct a third system to perform a second aggregaiperation on a portion of data from
the second data set, and receives, from the thaté®, a particular data set that is the
summary of the second portion of data. This mayigdor example, when a
determination is made that the system managingabend data source can perform the
second aggregation operation.

Figure 8 shows a flowchart representing a procef0@efor executing operations
in connection with executing a SQL query. The pduce 500 can be carried out, for
example, by a first system, such as componentseodi@ta processing system 100 shown
in figure 1. For example, the procedure 500 caodrged out by the execution engine
150 shown in figure 2 when the execution engineéX¥érutes at least part of a computer
program generated from a SQL query. The computegram could be the computer
program 108 shown in figures 1-2 and the computegiam generated 410 in figure 7.
Further, the SQL query could be the query 102 shioviigures 1 and 2.

The procedure transmits 502 instructions that tieesecond system to perform a
second aggregation operation on a portion of data the first data set. For example, the
second system can be one of the systems 112, b sh figure 1. The instructions can
be in the form of a SQL statement. For examplejribuctions can be the instructions
114, 124 shown in figure 1.

The procedure receives 504, from the second syst@articular data set that is a
summary of the first portion of data. For examfhe, portion of data can be a portion of
data referenced in the SQL query from which themater program was generated.

The procedure 506 performs a second union-typeatiparon the particular data
set and a summary of a portion of data from thersg¢clata set. For example, the second
portion of data can be another portion of dataregfeed in the SQL query from which
the computer program was generated. In some impiatiens, the second union-type
operation is of the same type as the first unigretyperation. As described above, one

type of union-type operation is “union” and anotfsefunion all.” For example, if the
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first union-type operation is a “union all” opexati and the second union-type operation
is also a “union all” operation, then the two oprnas are of the same type.

In this way, the computer program produces outgubvalent to output of the
SQL query, e.g., as if the SQL query were procebyemirelational database system or
other system that evaluates (e.g., executes) S@tiegu However, because operations
are “pushed down” to data sources, the computegranmo may operate more efficiently
than if the operations were carried out by the astepprogram itself.

The query planner 130, generation engine 140, arecérution engine 150
shown in figure 2 may be hosted, for example, om @mmore general-purpose
computers under the control of a suitable operatysem, such as a version of the
UNIX operating system. For example, this can ineladnultiple-node parallel
computing environment including a configurationcofnputer systems using multiple
central processing units (CPUSs) or processor ceitger local (e.g., multiprocessor
systems such as symmetric multi-processing (SMR)peers), or locally distributed
(e.g., multiple processors coupled as clustersawsmely parallel processing (MPP)
systems, or remote, or remotely distributed (engltiple processors coupled via a local
area network (LAN) and/or wide-area network (WAN)),any combination thereof.

The computer programs 300, 300a shown in figurash6 may be displayed in a
development environment. The development envirommsem some implementations, a
system for developing applications as dataflow ggapataflow graphs made in
accordance with this system provide methods fdirgeinformation into and out of
individual processes represented by graph compspfmtmoving information between
the processes, and for defining a running ordettfemprocesses. This system includes
algorithms that choose interprocess communicatiethads from any available methods
(for example, communication paths according tdlitiles of the graph can use TCP/IP or
UNIX domain sockets, or use shared memory to patsleetween the processes).

The techniques described above can be implemested a computing system
executing suitable software. For example, the sofwnay include procedures in one or
more computer programs that execute on one or proggammed or programmable
computing system (which may be of various architess such as distributed,

client/server, or grid) each including at least pnecessor, at least one data storage
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system (including volatile and/or non-volatile megand/or storage elements), at least
one user interface (for receiving input using asteone input device or port, and for
providing output using at least one output devicpant). The software may include one
or more modules of a larger program, for examyplat provides services related to the
design, configuration, and execution of datafloapdrs. The modules of the program
(e.g., elements of a dataflow graph) can be impieatkas data structures or other
organized data conforming to a data model storeddata repository.

The software may be provided on a tangible, nonsitary medium, such as a
CD-ROM or other computer-readable medium (e.gdabke by a general or special
purpose computing system or device), or deliveeegl. (encoded in a propagated signal)
over a communication medium of a network to a tialeginon-transitory medium of a
computing system where it is executed. Some ayfdle processing may be performed
on a special purpose computer, or using specigdgsa hardware, such as coprocessors
or field-programmable gate arrays (FPGAS) or dedaaapplication-specific integrated
circuits (ASICs). The processing may be implemeimeal distributed manner in which
different parts of the computation specified by sbé&ware are performed by different
computing elements. Each such computer programefenably stored on or downloaded
to a computer-readable storage medium (e.g., stdi¢ memory or media, or magnetic
or optical media) of a storage device accessible ggneral or special purpose
programmable computer, for configuring and opegative computer when the storage
device medium is read by the computer to perforenpitocessing described herein. The
inventive system may also be considered to be img@hted as a tangible, non-transitory
medium, configured with a computer program, whiheerhedium so configured causes a
computer to operate in a specific and predefinedmaato perform one or more of the
processing steps described herein.

A number of embodiments of the invention have b#escribed. Nevertheless, is
to be understood that the foregoing descriptiantended to illustrate and not to limit the
scope of the invention, which is defined by thepscof the following claims.
Accordingly, other embodiments are also withinshepe of the following claims. For

example, various modifications may be made witlimytarting from the scope of the
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invention. Additionally, some of the steps desadilb&ove may be order independent,

and thus can be performed in an order differemhftioat described.
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What is claimed is:

1. A computer-implemented method of generating a computer program based on an
SQL query, including:

receiving a SQL query, including a reference to a first data set stored at a first
data source, and including a reference to a second data set stored at a second data source
different from the first data source;

determining that the SQL query includes two or more commands, the commands
including a first union-type operation, and a first aggregation operation, and determining
that the SQL query describes that the first union-type operation shall be applied to at least
a portion of data from the first data set, and applied to at least a portion of data from the
second data set;

determining that the SQL query describes that the first aggregation operation shall
be applied to data resulting from the first union-type operation;

generating, on a first system, a computer program based on the SQL query, the
generating including generating at least a first module of the computer program
representing a second system, the first module configured for: transmitting instructions
that direct a second system to perform a second aggregation operation on a portion of
data from the first data set, and receiving, from the second system, a particular data set
that is a summary of the portion of data from the first data set; and

generating at least a second module of the computer program configured for:
receiving output originating from the first module, and performing a second union-type
operation on the particular data set and a summary of a portion of data from the second

data set.

2. The method of claim 1 in which the first system includes a graph-based
processing system, and the second system includes a relational database management

system.

3. The method of claim 1 in which the computer program is further

configured for: transmitting instructions that direct a third system to perform a second
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aggregation operation on a portion of data from the second data set; and receiving, from
the third system, a particular data set that is the summary of the portion of data from the

second data set.

4. The method of claim 1 in which the computer program includes: a first
component representing the union-type operation of the SQL query that is applied to the
data sets that are the summary of the portion of data from the first data set and the
summary of the portion of data from the second data set, where the summaries each
contain fewer records than their respective corresponding portions of data, and a second
component representing the first data set, where the second component, when executed,

causes the instructions to be transmitted.

5. The method of claim 4, the computer program including a third
component representing the second data set, and a fourth component representing a third
aggregation operation, where output of the third component flows to the fourth

component, and output of the fourth component flows to the first component.

0. The method of claim 4 in which the output of the second component
includes the particular data set that is the summary of the portion of data from the first

data set.

7. The method of claim 4 in which the component representing the first data
source transmits the instructions, wherein the instructions are carried out before the first

system causes data to be transmitted to a system executing the computer program.

8. The method of claim 1 in which the instructions include a SQL statement

that includes a command corresponding to the second aggregation operation.

9. The method of claim 1 in which generating the computer program based
on the SQL query includes generating a query plan based on the SQL query; adding, to
the query plan, the second aggregation operation that is applied to data from the first data
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source; determining that the first system includes functionality for carrying out the
second aggregation operation; appending, to a portion of the query plan representing the
first data set, instructions to carry out the second aggregation operation; and generating

the computer program based on the query plan.

10. The method of claim 1 in which the first aggregation operation is a
minimum, maximum, sum, or count operation, and the second aggregation operation is of

the same type of aggregation operation as the first aggregation operation.

11.  The method of claim 1 in which the first aggregation operation is an
average operation, and the second aggregation operation is a sum operation or a count

operation.

12. The method of claim 1, including determining the second aggregation

operation based on the first aggregation operation.

13.  The method of claim 12 in which determining the second aggregation
operation based on the first aggregation operation includes determining a sequence of
operations that, when carried out, produces output equivalent to output of the first
aggregation operation, and selecting the second aggregation operation from the sequence

of operations.

14.  The method of claim 1 in which the first union-type operation is of the

same type to the second union-type operation.
15.  The method of claim 1, wherein generating the first module includes

configuring parameters of the first module, the parameters being values that affect the

behavior of the modules of the generated computer program.
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16. A system for generating a computer program based on an SQL query,
including: one or more processors configured for performing the steps of the method of

any one of claims 1 to 15.

17. A non-transitory computer-readable medium storing executable code that,
when executed, causes a computer system to carry out operations for generating a
computer program based on an SQL query, including performing the steps of the method

of any one of claims 1 to 15.

18. A system for generating a computer program based on an SQL query,
including:

means for receiving a SQL query, including a reference to a first data set stored at
a first data source, and including a reference to a second data set stored at a second data
source different from the first data source;

means for determining that the SQL query includes two or more commands, the
commands including a first union-type operation, and a first aggregation operation, and
means for determining that the SQL query describes that the first union-type operation
shall be applied to at least a portion of data from the first data set, and applied to at least a
portion of data from the second data set;

means for determining that the SQL query describes that the first aggregation
operation shall be applied to data resulting from the first union-type operation;

means for generating, on a first system, a computer program based on the SQL
query, the generating including generating at least a first module of the computer
program representing a second system, the first module configured for: transmitting
instructions that direct a second system to perform a second aggregation operation on a
portion of data from the first data set, and receiving, from the second system, a particular
data set that is a summary of the portion of data from the first data set;

and means for generating at least a second module of the computer program
configured for: receiving output originating from the first module, and performing a
second union-type operation on the particular data set and a summary of a portion of data

from the second data set.
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