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Motivation

The table sources and sink interfaces have grown over time from pure batch to streaming interfaces. More and more abilities were added which makes the
current class structure already quite complex:

Current source interfaces:

ProjectableTableSource<T>
LookupableTableSource extends TableSource
LimitableTableSource<T>
FilterableTableSource<T>
PartitionableTableSource
ProjectableTableSource<T>
NestedFieldsProjectableTableSource<T>
StreamTableSource<T> extends TableSource<T>

Current sink interfaces:

OverwritableTableSink

PartitionableTableSink

UpsertStreamTableSink<T> extends StreamTableSink<Tuple2<Boolean, T>>
RetractStreamTableSink<T> extends StreamTableSink<Tuple2<Boolean, T>>
StreamTableSink<T> extends TableSink<T>

AppendStreamTableSink<T> extends StreamTableSink<T>
BatchTableSink<T> extends TableSink<T>
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Proper support for handling changelogs, more efficient processing of data through the new Blink planner, and unified interfaces that are DataStream API
agnostic add further requirements.

The goals of this FLIP are:

® Simplify the current interface architecture:
© Merge upsert, retract, and append sinks.
© Unify batch and streaming sources.
© Unify batch and streaming sinks.
® Allow sources to produce a changelog:
O UpsertTableSources have been requested a lot by users. Now is the time to open the internal planner capabilities via the new interfaces.
© According to FLIP-105, we would like to support changelogs for processing formats such as Debezium.
® Don't rely on DataStream API for source and sinks:
© According to FLIP-32, the Table APl and SQL should be independent of the DataStream API which is why the “table-common™ module
has no dependencies on “flink-streaming-java’.
© Source and sink implementations should only depend on the “table-common™ module after FLIP-27.
O Until FLIP-27 is ready, we still put most of the interfaces in “table-common’ and strictly separate interfaces that communicate with a
planner and actual runtime reader/writers.
®* Implement efficient sources and sinks without planner dependencies:
© Make Blink's internal data structures available to connectors.
© Introduce stable interfaces for data structures that can be marked as “@PublicEvolving'.

Public Interfaces

We propose the following interface structure.
Main interfaces:

DynamicTableSource

ScanTableSource extends DynamicTableSource
LookupTableSource extends DynamicTableSource
DynamicTableSink

Corresponding factory interfaces:

Factory

DynamicTableFactory extends Factory
DynamicTableSourceFactory extends DynamicTableFactory
DynamicTableSinkFactory extends DynamicTableFactory
FormatFactory extends Factory

Optional interfaces that add further abilities:

SupportsComputedColumnPushDown
SupportsFilterPushDown
SupportsProjectionPushDown
SupportsWatermarkPushDown
SupportsLimitPushDown
SupportsPartitionPushDown
SupportsPartitioning
SupportsOverwriting

Data structure interfaces and classes:

RowData

ArrayData

MapData

StringData

DecimalData

TimestampData

RawValueData

GenericRowData implements RowData
GenericArrayData implements ArrayData
GenericMapData implements MapData

Main interfaces, factory interfaces, some ability interfaces, and data structure interfaces will be discussed below. Other abilities remain unchanged.

Source Interfaces

DynamicTableSource
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Source of a dynamic table froman external storage system
<p>A dynami c tabl e source can be seen as a factory that produces concrete runtine inplenentation.

<p>Dependi ng on the optionally declared interfaces such as {@ink SupportsConput edCol uimPushDown} or
{@ink SupportsProjecti onPushDown}, the planner might apply changes to instances of this class and thus
* nutates the produced runtine inplenentation.
*/
@rubl i cEvol vi ng
public interface Dynam cTabl eSource {

* % ok k% %k

/**
* Returns a string that summarizes this source for printing to a console or |og.
*/
String asSummaryString();
/**
* Creates a copy of this instance during planning.
*/
Dynani cTabl eSour ce copy();
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/1 Hel per Interfaces
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/**
* Converts data structures during runtinme.
*/
interface DataStructureConverter extends RuntimeConverter {
/**
* Converts the given object into an internal data structure.
*/

@\ul | abl e Obj ect tolnternal (@Wull abl e Object external Structure);

}

Side note: "RuntimeConverter’ is the general interface for converters for providing an “open()” method. This method can be used for triggering the
compilation of code generated converters in the future. Because "SerializationSchema’ and "DeserializationSchema™ don't provide “open()” methods yet,
we will need a separate discussion for introducing them. The "Context’ is reserved for future use. We could e.g. allow access to MemorySegments or
further low-level runtime access.

public interface Runti neConverter extends Serializable {

/*
* Initializes the converter during runtine.

* <p>This should be called in the {@ode open()} nethod of a runtine class.
*

voi d open(Context context);

/**

* Context for conversions during runtine.
*/

interface Context {

static Context enpty() {
return new Context() {
/1 nothing to do
}

ScanTableSource

“ScanTableSource’ is the main interface for both batch and streaming sources. For both insert-only and updating changelogs. Thus, it replaces
*AppendTableSource™ and exposes upsert, retract, and further functionality.

Compared to the previous design, we assume that the sources emit the Blink planner's data structures. This avoids conversion overhead during runtime.
Furthermore, it allows to push down concepts such as computed columns and watermark assignment deep into the source (right next to the source's
partitions).

The actual runtime implementation is created lazily in “getScanRuntimeProvider()". If a connector takes a format (e.g. JSON for Kafka), this method will
perform format discovery using the provided classloader.

The planner provides helper utilities for creating type information for Flink's data structures and converters such that user-code must not deal with Flink's
data structures manually. For example, if the user has a POJO during runtime that needs to be converted into either a structured type or nested rows, a
converter can be created for dealing with this conversion automatically (maybe even code generated).



The produced data type can be retrieved via “CatalogTable.getSchema().toProducedDataType() .

Side note: Because there is no stable interface that is equivalent to "RowData’ (previous ‘BaseRow") for encoding changes, we propose to enrich “org.
apache.flink.types.Row" with an additional ‘RowKind". This allows users to pass "Row" instances to converters and get fully defined ‘RowData’s from the
framework. Also, having a change flag in "Row" allows us to use it better in DataStream API bridging methods “TableEnvironment.toDataStream(table,
ChangelogMode): DataStream<Row>" and result retrieval such as "table.collect(ChangelogMode): Iterable<Row>" in the future. Both kinds of methods
would use “ChangelogMode" in a similar way as sources and sinks.

/**
* A {@ink Dynam cTabl eSource} that scans all rows froman external storage system
*

* <p>Dependi ng on the specified {@ink Changel ogMode}, the scanned rows nmust not contain only
* insertions but can also contain updates and del etions.

*/

@Publ i cEvol ving

public interface ScanTabl eSource extends Dynani cTabl eSource {

/**

* Returns what kind of changes are produced by this source.

* ©@ee RowKi nd
*
/
Changel ogvbde get Changel oghbde();

/**

* Returns the actual inplenentation for reading the data.
*/

ScanRunt i meProvi der get ScanRunti meProvi der (Cont ext context);

R e e R T TP
/1 Hel per Interfaces
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interface Context {

/**

* Creates type information describing the internal data structures of the given
* {@ink DataType}.

*/

Typel nf or mati on<?> creat eTypel nf or mati on(Dat aType producedDat aType) ;

/**
* Creates a runtime data structure converter that converts data of the given {@ink DataType}
* to Flink's internal data structures.
*
* <p>Allows to inplenment runtime |ogic without depending on Flink's internal structures for
* timestanps, decimals, and structured types.
*
* @ee Logical Type#support sl nput Conversi on(C ass)
*/
Dat aSt ruct ureConverter createDataStructureConverter(DataType producedDataType);
}
/**
* Actual inplementation for reading the data.
*/
interface ScanRunti neProvider {
/**
* Whet her the data is bounded or not.
*/

bool ean i sBounded();

“ScanRuntimeProvider™ abstracts runtime interfaces. Which means we can support old interfaces such as “SourceFunction™ and ‘InputFormat™ and the
new FLIP-27 sources in the future.

Since FLIP-27 sources will return whether they are bounded or not, the “ScanRuntimeProvider” interface already offers returning this property via
‘isBounded()". So far this property is not required during logical optimization but only during physical optimization, which is why this property is not part of
the top-level "ScanTableSource" class.



/**
* Uses a {@ink SourceFunction} during runtinme for reading.
*/
interface SourceFunctionProvi der extends ScanTabl eSource. ScanRunti neProvi der {

Sour ceFunct i on<RowDat a> cr eat eSour ceFunction();

static SourceFunctionProvi der of (SourceFuncti on<RowDat a> sour ceFunction, bool ean i sBounded) {
return new SourceFunctionProvider() {
@verride
publ i ¢ Sour ceFuncti on<RowDat a> cr eat eSour ceFunction() {
return sourceFunction;
}

@verride
publ i c bool ean isBounded() {
return i sBounded;

}
I
}
}
/**
* Uses an {@ink InputFormat} during runtinme for reading.
*/

public interface I nputFormatProvider extends ScanTabl eSource. ScanRunti neProvi der {
I nput For mat <RowDat a, ?> creat el nput Format () ;

static | nputFormat Provi der of (I nput For mat <RowData, ?> inputFormat) {
return new | nput For nat Provi der () {
@verride
public I nput For mat <RowbDat a, ?> createl nput Format () {
return input Format;
}

@verride

publ i c bool ean i sBounded() {
return true;

}

“ChangelogMode™ and "RowKind" define the set of changes in the data.



/**
* A kind of rowin a changel og.
*/

@,ubl i cEvol ving

public enum RowKi nd {

/**

* Insertion operation.
*/

| NSERT,

/**

* Previous content of an updated row.
*/

UPDATE_BEFORE,

/**

* New content of an updated row.
*/

UPDATE_AFTER,

/-k*
* Del etion operation.
*/
DELETE
}
/**
* The set of changes a {@ink Dynami cTabl eSource} produces or {@ink Dynam cTabl eSi nk} consunes.
*/
@rubl i cEvol vi ng
public final class Changel oghbde {

private final Set<RowKind> ki nds;

private Changel ogMbde( Set <RowKi nd> ki nds) {
Precondi ti ons. checkAr gunent (
ki nds. si ze() > 0,
"At | east one kind of row should be contained in a changel og.");
this.kinds = Col |l ecti ons. unnodi fi abl eSet (ki nds);

public static Builder newBuilder() {
return new Builder();

publ i c Set <RowKi nd> get Cont ai nedKi nds() {
return Kkinds;

publ i c bool ean contai ns(RowKi nd ki nd) {
return kinds. contains(kind);

}
publ i c bool ean contai nsOnl y(RowKi nd ki nd) {
return kinds.size() == 1 && ki nds. contai ns(kind);
}
R e e T R TR

public static class Builder {
private final Set<RowKind> kinds = EnunSet.noneC (RowKi nd. cl ass);

public Builder() {
/1 default constructor to allow a fluent definition
}

public Buil der addCont ai nedKi nd( RowKi nd ki nd) {
t hi s. ki nds. add(ki nd);
return this;

}

publ i ¢ Changel oghbde build() {
return new Changel oghbde( ki nds);
}

SupportsComputedColumnPushDown



In theory, this interface could have been deeply integrated into “ScanTableSource™. However, we decided to go for modularization instead. We provide a
“MapFunction-like converter for enriching the produced data with computed columns. The converter might be code generated and works on "RowData’.
/**

* Allows to push down conputed colums into a {@ink ScanTabl eSource}.

*/
@;ubl i cEvol vi ng
public interface SupportsConput edCol utmPushDown {

*

/
Provi des a converter that converts the produced {@ink RowData} containing the physical
fields of the external systeminto a new { @i nk RowbData} w th push-downed conputed col ums.

<p>For exanple, in case of
{@ode CREATE TABLE t (s STRING ts AS TO TI MESTAMP(str), i INT, i2 ASi + 1)},
the converter will convert a { @ode RowData(s, i)} to {@ode RowbData(s, ts, i, i2)}.

* % ok k% % % %

* <p>Use {@ink Tabl eSchema#t oRowDat aType()} instead of {@ink Tabl eSchena#t oPr oducedRowDat aType()}
* for describing the final output data type when creating {@ink Typelnfornation}.

*/

voi d appl yConput edCol um( Conput edCol ummConverter converter);

/**

* CGenerates and adds conputed columms to a {@ink Rowbata} if necessary.

*/

interface ConputedCol umConverter extends RuntinmeConverter {
/**
* Generates and adds conputed colums to a {@ink RowData} if necessary.
*/

RowDat a convert (RowData row);

SupportsWatermarkPushDown

Both “SupportsComputedColumnPushDown™ and “SupportsWatermarkPushDown™ can exist without each other. It should be the responsibility of the
planner to ensure that both are implemented if necessary.



/**

* Allows to push down watermarks into a {@ink ScanTabl eSource}.
*/

@,ubl i cEvol ving

public interface SupportsWat er mar kPushDown {

voi d appl ywat er mar k( Wat er mar kAssi gner Provi der assi gner);

cl ass Wat er mar kAssi gner Provi der {
/1 marker interface that will be filled with FLIP-27

}
}
/1 in table-api-java-bridge
/**
* Uses a {@ink AssignerWthPeriodi cwatermarks} during runtine for waternarks.
*/

@,ubl i cEvol ving
public class Periodi cAssignerProvi der extends SupportsWater mar kPushDown. WAt er mar kAssi gner Provi der {

private Assigner WthPeri odi cWat er mar ks<Changel ogRow> peri odi cAssi gner;

publ i c Periodi cAssi gner Provi der (Assi gner Wt hPer i odi cWat er mar ks<Changel ogRow> peri odi cAssi gner) {
thi s. peri odi cAssi gner = peri odi cAssi gner;

}

public Assigner Wt hPeri odi cWat er mar ks<Changel ogRow> get Peri odi cAssi gner () {
return periodi cAssigner;

}
}
/1 in table-api-java-bridge
/**
* Uses a {@ink Assigner WthPunctuat edWat ermarks} during runtine for waternarks.
*/

@Publ i cEvol ving
public class PunctuatedAssi gner Provi der extends SupportsWat er mar kPushDown. Wt er mar kAssi gner Provi der {

private Assigner Wt hPunct uat edWat er mar ks<Changel ogRow> punct uat edAssi gner;
publ i c Punctuat edAssi gner Provi der (Assi gner W t hPunct uat edWat er mar ks<Changel ogRow> punct uat edAssi gner) {

t hi s. punct uat edAssi gner = punct uat edAssi gner;
}

publ i c Assigner Wt hPunct uat edWat er mar ks<Changel ogRow> get Punct uat edAssi gner () {
return punctuat edAssi gner;
}

SupportsFilterPushDown, SupportsProjectionPushDown

Some examples of other important ability interfaces are shown in this section. They have been updated to satisfy the needs of various connectors where a
‘DynamicTableSource™ needs to communicate with the planner.

In case of a filter push down, the optimizer needs to know which predicates are remaining. If there are remaining predicates, the optimizer will create a
new filter node.

Furthermore, the following applies:

all predicates != pushed predicates + remaining predicates

For example, for Parquet all pushed predicates should be retained because a filter is applied on a group instead of each record.
In case of projection push down, the optimizer also needs to know which columns are remaining.

Because push down's modify the state of the table source and different push down's might interfere with each other, *“DynamicTableSource™ has a “copy()
method that will be used during planning.

There was a discussion whether we should check for supported/remaining predicates before pushing them down. However, it would require implementing
a lot of methods in sources with similar logic.



/**
* Allows to push down filters into a {@ink ScanTabl eSource}.
*/

@,ubl i cEvol ving

public interface SupportsFilterPushDown {

Result appl yFilters(Li st<Resol vedExpression> filters);

final class Result {
private final List<Resol vedExpression> acceptedFilters;
private final List<Resol vedExpression> remainingFilters;

protected Result(
Li st <Resol vedExpr essi on> acceptedFilters,
Li st <Resol vedExpressi on> remai ni ngFilters) {
this.acceptedFilters = acceptedFilters;
this.remainingFilters = remainingFilters;

}

public List<Resol vedExpressi on> get AcceptedFilters() {
return acceptedFilters;

}

public Li st <Resol vedExpressi on> get Remai ni ngFilters() {
return remaini ngFilters;
}

}
/**
* Allows to push down (possibly nested) projections into a {@ink ScanTabl eSource}.
*/
@Publ i cEvol ving
public interface SupportsProjecti onPushDown {
bool ean support sNest edProj ecti onPushedDown() ;

voi d appl yProj ecti on(Tabl eSchema schens);

LookupTableSource

‘LookupTableSource™ supports a similar abstraction of planning and runtime code via ‘LookupRuntimeProvider’.



/**

* A {@ink Dynam cTabl eSource} that |ooks up rows of an external storage system by one or nore
* keys.

*/ y

@;ubl i cEvol vi ng

public interface LookupTabl eSource extends Dynani cTabl eSource {

/**

* Returns the actual inplenmentation for reading the data.

*/

LookupRunt i meProvi der get LookupRunti neProvi der (Cont ext context);

L e e
/1 Hel per Interfaces
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interface Context {

/**

* Returns the key fields that should be used during the | ookup.
*/

Li st <Fi el dRef er enceExpr essi on> get KeyFi el ds();

*

/
Creates a runtime data structure converter that converts data of the given {@ink DataType}
to Flink's internal data structures.

<p>Allows to inplenment runtine |ogic wthout depending on Flink's internal structures for
tinestanps, decinmals, and structured types.

* % ok k% % %k

@ee Logi cal Type#support sl nput Conversi on(Cl ass)

*/

Dat aSt ruct ureConverter createDataStructureConverter(DataType producedDataType);
}

interface LookupRunti neProvider {
/'l marker interface

}
}
/**
* Uses a {@ink Tabl eFunction} during runtinme for reading.
*/

public interface Tabl eFuncti onProvi der<T> extends LookupTabl eSour ce. LookupRunti neProvi der {
Tabl eFunct i on<T> creat eTabl eFunction();

static <T> Tabl eFuncti onProvi der <T> of (Tabl eFuncti on<T> t abl eFunction) {
return () -> tabl eFunction;

}
}
/**
* Uses a {@ink AsyncTabl eFunction} during runtime for reading.
*/

public interface AsyncTabl eFuncti onProvi der <T> ext ends LookupTabl eSour ce. LookupRunti neProvi der {
AsyncTabl eFuncti on<T> creat eAsyncTabl eFunction();

static <T> AsyncTabl eFuncti onProvi der <T> of (AsyncTabl eFuncti on<T> tabl eFunction) {
return () -> tabl eFunction;
}

Sink Interfaces

“DynamicTableSink™ works similar to “ScanTableSource’. A more complex interface hierarchy is not required currently.

A big difference between the new “DynamicTableSink™ and old "UpsertStreamTableSink" is that “setKeyFields" is not present anymore. This means that
key information is not derived from each query individually but is statically defined by “CatalogTable#getSchema’ using a primary key.



*

Sink of a dynamc table to an external storage system
<p>A dynamic table sink can be seen as a factory that produces concrete runtime inplenentation.

<p>Dependi ng on optionally declared interfaces such as {@ink SupportsPartitioning}, the planner
m ght apply changes to instances of this class and thus nutates the produced runtine
* i npl ement ati on.
*/
@rubl i cEvol vi ng
public interface Dynam cTabl eSi nk {

* % ok k% %k

/**

* Returns a string that summarizes this sink for printing to a console or |og.

*/

String asSummaryString();

/**

* Returns the {@ink Changel ogMbde} that this witer consunes.

*

* <p>The runtine can nmake suggestions but the sink has the final decision what it requires. If
* the runtime does not support this node, it will throw an error. For exanple, the sink can
* return that it only supports {@ink RowKi nd#l NSERT}s.

*

* @aram request edMbde expected ki nd of changes by the current plan

*/

Changel oghbde get Changel oghvbde( Changel ogvbde request edMbde) ;

/**

* Returns the actual inplenmentation for witing the data.

*/

Si nkRunt i meProvi der get Si nkRunti neProvi der (Cont ext context);
e e T e
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interface Context {

*

/
Creates a runtinme data structure converter that converts Flink's internal data structures
to data of the given {@ink DataType}.

<p>Allows to inplenment runtine |ogic wthout depending on Flink's internal structures for
tinestanps, decinmals, and structured types.

¥k ok k% ok k% F

@ee Logi cal Type#support sQut put Conver si on(C ass)
/

Dat aSt ruct ureConverter createDataStructureConverter(DataType consunmedDat aType) ;

}

/**

* Converts data structures during runtine.

*

/

interface DataStructureConverter extends RuntineConverter {
/**
* Converts the given object into an external data structure.
*/

@\ul | abl e Obj ect toExternal (@Wullable Ooject internal Structure);
}

interface SinkRuntineProvider {
/'l marker interface
}

Factory Interfaces

Because we need new factories for the new source and sink interfaces, it is the right time to look at the big picture of how factories, connectors, and their
formats play together.

Also, with the recent decision of unifying the Flink configuration experience by only using “ConfigOption", the old factory interfaces with the
“DescriptorProperties” util needs an update.

Factory

Because "TableFactory™ was the superclass of all “flink-table" related factories, it confused users to use a table factory for modules, catalogs (not table
related). The “supportedProperties’ caused a long list of keys also for schema and format wildcards, thus, caused a lot of duplicate code.



The validation was partially done by the factory service and the factory itself. We suggest to perform the validation only in the factory. By using
“CatalogTable’ directly, the schema part must not be validated anymore.

For simplifying the discovery, we only match by one identifier (+ version). In theory, we could also use the class name itself, but this would make it more
difficult to insert a custom factory without changing DDL properties.

/**

* A factory for creating instances from{@ink ConfigOption}s in the table ecosystem This
* factory is used with Java's Service Provider Interfaces (SPI) for discovery.

*/

@;ubl i cEvol vi ng

public interface Factory {

/**

* Uniquely identifies this factory when searching for a matching factory. Possibly versioned
* by {@ink #factoryVersion()}.

*/

String factoryldentifier();

/**
* Extends a {@ink #factoryldentifier()} by a version when searching for a matching factory.
*/

Optional <String> factoryVersion();

/**

* Definition of required options for this factory. The information will be used for generation
* of docunmentation and validation. It does not influence the discovery of a factory.

*/

Set <Conf i gOpti on<?>> requi redOptions();

/**

* Definition of optional options for this factory. This information will be used for generation
* of documentation and validation. It does not influence the discovery of a factory.

*/

Set <Conf i gOpti on<?>> opti onal Options();

DynamicTableFactory, DynamicTableSourceFactory, DynamicTableSinkFactory



/**

* Factory for accessing a dynanmic table for reading or witing.
*/

public interface Dynam cTabl eFactory extends Factory {

/**
* Information about the accessed table.
*/
interface Context {
/**
* ldentifier of the table in the catal og.
*/
oj ectldentifier getCbjectldentifier();
/**
* Table information received fromthe {@ink Catal og}.
*/
Cat al ogTabl e get Cat al ogTabl e() ;
/**
* Configuration of the current session.
*/
Readabl eConfi g get Configuration();
/**
* Class |oader of the current session.
*/
Cl assLoader get C assLoader ();
}
}
/**

* Factory for reading a dynamic table.
*/

public interface Dynam cTabl eSourceFactory extends Dynani cTabl eFactory {

/**
* Factory method for creating a {@ink Dynam cTabl eSource}.
*/
Dynami cTabl eSour ce creat eDynami cTabl eSour ce( Cont ext context);
}
/**
* Factory for witing a dynanmic table.
*/
public interface Dynam cTabl eSi nkFactory extends Dynam cTabl eFactory {
/**
* Factory nmethod for creating a {@ink Dynam cTabl eSi nk}.
*/

Dynami cTabl eSi nk creat eDynami cTabl eSour ce( Cont ext context);

FormatFactory, DeserializationFormatFactory
For a smooth interplay, we also need to consider the relationship between connectors and formats.

We propose the following format interfaces. And illustrate their usage in the following example.



/**

* Base interface for all kinds of fornats.

*/

public interface FormatFactory extends Factory {

/-k*
* Determ nes the changel og node for this format.
*/
Changel oghvbde deri veChangel ogMbde( Dynani cTabl eFact ory. Cont ext tabl eCont ext);
}
/**

* Factory for creating a {@ink DeserializationSchena} that returns internal data structures.
*/
public interface DeserializationFormatFactory extends FormatFactory {

/**
* Creates {@ink DeserializationSchema} for the given produced {@ink DataType} considering all
* contextual information.
*/
Deseri al i zat i onSchenma<RowDat a> creat eDeseri al i zati onSchenma(
Dynami cTabl eFact ory. Cont ext tabl eCont ext,
ScanTabl eSour ce. Cont ext runti meCont ext,
Dat aType producedDat aType) ;

For MySQL or Postgres CDC logs, the format should be able to return a “ChangelogMode’. Formats that don't produce changes, can simply return an
insert-only changelog mode.

Because the final schema that formats need to handle is only known after optimization, we postpone instantiating concrete runtime interfaces such as
“DeserializationSchema’ to the “getXXXRuntimeProvider” methods.

However, the discovery and validation of the factory is done earlier.

cl ass Kaf kaSour ceFactory extends Dynam cTabl eSour ceFactory {
/1

Dynami cTabl eSour ce creat eDynami cTabl eSour ce( Cont ext context) {
/1 performformat factory discovery
Tabl eFor mat Fact ory keyFormat Factory = FactoryUtil.fi nd(Tabl eFormat Factory. cl ass, context,
KEY_OPTI ON) ;
Tabl eFor mat Fact ory val ueFornmat Factory = FactoryUtil.find(Tabl eFornat Factory. cl ass, context,
VALUE_OPTI ON) ;

/1 validate using required and optional options of each factory
/1 also validates if there are |eft-over keys
FactoryUWil . validate(
cont ext,
Arrays. asLi st (KEY_OPTI ON, VALUE_OPTI ON),
Arrays. asList(this, keyFormatFactory, val ueFormatFactory));

Changel ogvbde node = val ueFor mat Fact ory. cr eat eChangel oghbde( cont ext) ;

/'l construct the source

return Kaf kaTabl eSource. bui | der (cont ext)
. changel ogbde(node) // or extract it internally fromthe val ueFor matFactory
. keyFor mat Fact or y( keyFor nat Fact ory)
. val ueFor mat Fact or y(val ueFor mat Fact ory)

.build();
}
}
class FactoryWil {
/1

voi d val i dat e(
Dynami cTabl eFact ory. Cont ext cont ext,
Li st <Confi gOpti on> usedOpti ons,
Li st <Fact ory> usedFactories) {

/1 perform ConfigOption set arithmetic to check for
/1 invalid, mssing options etc.



Data Structure Interfaces

We plan to move the data structures of the Blink planner to “table-common’. In order to provide stable interfaces for data structures, we renamed the
interfaces and reduced the exposed methods to have them in a good shape and mark them as “@PublicEvolving'.

All data structure names will be suffixed with "Data’ for avoiding naming clashes with JDK interfaces, and indicating they are a series of structures to
represent “data” for different types. Some well-known interfaces/classes are rename to:

BaseRow -> RowData

BaseArray -> ArrayData

BaseMap -> MapData
BinaryString -> StringData
Decimal -> DecimalData
SqlTimestamp -> TimestampData
BinaryGeneric -> RawValueData
GenericRow -> GenericRowData
GenericArray -> GenericArrayData
GenericMap -> GenericMapData

Note that all the internal data structures are not Java Serializable, so they can’t be used as member fields of runtime functions (e.g. SourceFunction).

We will not introduce a data structure interface/class for every data type, but will use Java primitive types as much as possible for performance purposes.
The mappings from Flink Table/SQL data types to the internal data structures are listed in the following table:

Data Types

BOOLEAN

CHAR / VARCHAR / STRING
BINARY / VARBINARY / BYTES
DECIMAL

TINYINT

SMALLINT

INTEGER

BIGINT

FLOAT

DOUBLE

DATE

TIME

TIMESTAMP

TIMESTAMP WITH LOCAL TIME ZONE
INTERVAL YEAR TO MONTH
INTERVAL DAY TO MONTH
ROW

ARRAY

MAP / MULTISET

RAW

Internal Data Structures
boolean

StringData

byte[]

DecimalData

byte

short

int

long

float

double

int (number of days since epoch)
int (number of milliseconds of the day)
TimestampData
TimestampData

int (number of months)

long (number of milliseconds)
RowData

ArrayData

MapData

RawValueData

Note: Currently, Blink planner only supports TIME(O) and interval of MONTH and SECOND(3). In the future, we may need something like
‘TimestampData’ to represent more information about these types. That means we may introduce “IntervalData” and "TimeData’ in the future. But we still
can keep backward compatibility to allow users to use the primitive types if the precision is compact at that time.

RowData



*

{@ink RowbData} is an internal data structure representing data of {@ink RowType}
in Flink Tabl e/ SQ., which only contains colums of the internal data structures.

<p>A {@ink RowData} also contains a {@ink RowKi nd} which represents the kind of rowin
a changel og. The {@ink RowKind} is just netadata information of the row, not a col um.

<p>{@ink RowData} has different inplenentations which are designed for different scenarios.
For exanple, the binary-oriented inplenentation {@ink Bi naryRowData} is backed by

{@ink MenorySegnent} instead of Object to reduce serialization/deserialization cost.

The object-oriented inplenentation {@ink GenericRowData} is backed by an array of bject
which is easy to construct and efficient to update.

EE N T

*

*/
@Publ i cEvol ving
public interface RowData {

int getArity();
RowKi nd get RowKi nd();

voi d set RowKi nd( RowKi nd ki nd) ;

bool ean isNull At (int ordinal);

bool ean get Bool ean(int ordinal);

byte getByte(int ordinal);

short getShort(int ordinal);

int getlnt(int ordinal);

I ong getLong(int ordinal);

float getFloat(int ordinal);

doubl e get Doubl e(int ordinal);

StringData getString(int ordinal);

Deci mal Dat a get Decinmal (int ordinal, int precision, int scale);
Ti mest anpDat a get Ti nestanp(int ordinal, int precision);
<T> RawVal ueDat a<T> get Rawval ue(i nt ordinal);

byte[] getBinary(int ordinal);

ArrayData getArray(int ordinal);

MapDat a get Map(i nt ordinal);

RowDat a get Row(i nt ordinal, int nunFields);

ArrayData
/**

* {@ink ArrayData} is an internal data structure representing data of {@ink ArrayType}
* in Flink Tabl e/ SQ., which only contains elenments of the internal data structures.

*/

@rubl i cEvol vi ng

public interface ArrayData {

int size();

bool ean i sNull At (int ordinal);

bool ean get Bool ean(int ordinal);

byte getByte(int ordinal);

short getShort(int ordinal);

int getint(int ordinal);

long getLong(int ordinal);

float getFloat(int ordinal);

doubl e get Doubl e(int ordinal);

StringData getString(int ordinal);

Deci mal Dat a get Deci mal (int ordinal, int precision, int scale);
Ti mest anpDat a get Ti nestanp(int ordinal, int precision);
<T> RawVal ueDat a<T> get Generic(int ordinal);

byte[] getBinary(int ordinal);

ArrayData getArray(int ordinal);

MapDat a get Map(int ordinal);

RowDat a get Row(i nt ordinal, int nunFields);

MapData



| **

* {@ink MapData} is an internal data structure representing data of {@ink MapType}
* in Flink Tabl e/ SQ..
*/

@;ubl i cEvol vi ng

public interface MapData {

int size();
ArrayData keyArray();

ArrayData val ueArray();

StringData
/**

* {@ink StringData} is an internal data structure represents data of {@ink VarChar Type}
* and {@ink CharType} in Flink Tabl e/ SQL.

*/

@,ubl i cEvol ving

public interface StringData extends Conparabl e<StringData> {

| *x*

* Converts this {@ink StringData} object to a UTF-8 byte array,
* the returned bytes may be reused.

*/

byte[] toBytes();

| *x*

* Converts this {@ink StringData} object to a {@ink String} and returns the String.
*/
String toString();

| **

* Creates a {@ink StringbData} fromthe given String.
*/

static StringData fronBtring(String str) { ... }

/**

* Creates a {@ink StringData} fromthe given UTF-8 bytes.

*/

static StringData fronBytes(byte[] bytes) { ... }

/**

* Creates a {@ink StringData} fromthe given UTF-8 bytes with offset and number of bytes.
*/

static StringData fronBytes(byte[] bytes, int offset, int nunBytes) { ... }

DecimalData



/**
* {@ink Decinal Data} is an internal data structure representing data of {@ink Deci mal Type}
* in Flink Tabl e/ SQL.
*
* <p>lt is an inutabl e inplenmentation which can hold a long if values are small enough.
*/
@,ubl i cEvol ving
public final class Decinal Data inplenents Conparabl e<Deci nal Dat a> {

public int precision() { ... }

public int scale() { ...

public BigbDecinmal toBigbDecimal () { ... }

/**

* Returns a | ong whose value is the <i>unscaled value</i> of this {@ode Deci nal Dat a}.
*/

public long toUnscal edLong() { ... }

/**

* Returns a byte array whose value is the <i>unscal ed val ue</i> of
* this {@ode Deci mal Dat a}.

*
pu/blic byte[] toUnscal edBytes() { ... }

[ **

:/Returns whet her the decimal data is small enough to be stored in a |ong.
public bool ean isConpact() { ... }

public Decimal Data copy() { ... }
R R

public static Decinal Data fronBi gDeci mal (Bi gDeci mal bd, int precision, int scale) {
public static Decinmal Data fronlnscal edLong(int precision, int scale, long longVval) {
public static Decinal Data fromnscal edBytes(int precision, int scale, byte[] bytes) {
}

public static Decinal Data zero(int precision, int scale) { ... }

TimestampData



* % ok k%

*

*/

{@ink TinmestanpData} is an internal data structure represents data of {@ink Ti nestanpType}
and {@ink Local ZonedTi nmest anpType} in Flink Tabl e/ SQ.

<p>It is an inmmutable inplenmentation which is conposite of a nillisecond
and nanoOfM | |isecond since epoch.

@;ubl i cEvol vi ng
public final class TinmestanpData inplenents Conparabl e<Ti mest anpDat a> {

public long getMIlisecond() { ... }

public int getNanoOFM I lisecond() { ... }

public Tinestanp toTinestamp() { ... }

public Local DateTine toLocal DateTime() { ... }

public Instant tolnstant() { ... }

R e e
public static TinmestanpData fronEpochMIlis(long mllisecond) { ... }

public static TinmestanpData fronEpochMIlis(long mllisecond, int nanoOfMIlisecond) {

}

public static TinestanpData fronili mestanp(Timestamp ts) { ... }

public static TinestanpData fronlLocal Dat eTi ne(Local DateTime dateTine) { ... }
public static TinmestanpData from nstant(Instant instant) { ... }

] *%

* Returns whether the tinestanp data is small enough to be stored in a |long
* of mllisecond.

*/

public static bool ean i sConpact(int precision) { ... }

RawValueData

| *x*
*
*
*
*

*/

{@ink Rawal ueData} is a data structure representing data of {@ink RawType}
in Flink Tabl e/ SQL.

@aram <T> originating class for the raw val ue

@,ubl i cEvol ving
public interface Rawval ueDat a<T> {

/**

* Converts a {@ink Rawal ueData} into a Java object, the {@ode serializer}
* is required because the "raw value" night be in binary format which can be
* deserialized by the {@ode serializer}.

*

* Note: the returned Java object may be reused.

*/

T toObj ect (TypeSeri alizer<T> serializer);

*
Converts a {@ink Rawval ueData} into a byte array, the {@ode serializer}

is required because the "raw value" nmight be in Java object format which
can be serialized by the {@ode serializer}.

/

Note: the returned bytes nay be reused.
/
byte[] toBytes(TypeSerializer<T> serializer);

* ok k% % %

R R R R
/-k*

* Creates a {@ink Rawval ueData} instance froma java object.

*/

static <T> Rawval ueDat a<T> frontbject(T javaCbject) { ... }

GenericRowData



/**
* A {@ink CenericRowbData} can have arbitrary nunber of fields and contain a

* set of fields, which may all be different types. The fields in
{@ink GenericRowData} can be null.

* ok %

<p>The fields in the row can be accessed by position (zero-based) {@ink #getlInt}.
* And can update fields by {@ink #setField(int, Object)}.

*/

@Publ i cEvol vi ng

public final class GenericRowbData inplenents RowData {

public GenericRowData(int arity) { ... }

/-k*

* Sets the field at the specified ordinal. The given field value nust in

* internal data structure, otherwise the {@ink GenericRowData} is corrupted,
* and may throw an exception when processing.

*/

public void setField(int ordinal, Object value) { ... }

| *x*

* CGets the field at the specified ordinal. The returned field value is in
* internal data structure.

*/

public Cbject getField(int ordinal) { ... }

| *x*

* Creates a CenericRowData with the given internal data structure values and a defaul t
* {@ink RowKi nd#l NSERT}.
*

* @aramval ues internal format val ues
*/
public static GenericRowData of (bject... values) { ... }

GenericArrayData

@,ubl i cEvol ving
public final class GenericArrayData inplements ArrayData {

public CenericArrayData(Object[] array) { ... }

public GenericArrayData(int[] primtiveArray) { ... }
public GenericArrayData(long[] primtiveArray) { ... }
public GenericArrayData(float[] primtiveArray) { ... }
public GenericArrayData(double[] primtiveArray) { ... }
public GenericArrayData(short[] primtiveArray) { ... }
public GenericArrayData(byte[] primtiveArray) { ... }
public GenericArrayData(boolean[] primtiveArray) { ... }
public boolean isPrimtiveArray() { ... }

GenericMapData

@;ubl i cEvol vi ng
public final class GenericMapData inplenents MapData {

public GenericMapData(Map<?, ?> map) { ... }

}

Proposed Changes

1. Move data structures of the Blink planner to “table-common’ under “org.apache.flink.table.datastructures™ package.



2. Introduce the new connector interfaces in “org.apache.flink.table.connectors.[sources/sinks]", a parallel stack without affecting existing interfaces.
3. Update the first connectors such as Kafka, Hive and HBase to prove the new interfaces.
4. Enable "Row" to contain a change flag.

Compatibility, Deprecation, and Migration Plan

Because we introduce an entirely new stack of interfaces. Compatibility is not affected immediately.

Locations where “TableSource’s are exposed such as “fromTableSource()™ are already deprecated or will be deprecated. It is recommended that users
use the “connect()” API or DDL.

The legacy planner has different internal data structures and limited functionality in general. Therefore, we will not support the new interfaces in the legacy
planner.

Test Plan

Unit tests will test the interfaces. Existing connector tests will verify the implementation.

Rejected Alternatives

Not moving Blink's data structures to "table-common’

We were considering using only converters or producers classes from “Context™ for creating rows and other data structures, thus, hiding the internal data
structures in “table-runtime-blink’.

However, we decided against this as most connectors are implemented in the Flink code base and will use binary formats for efficiency. The “table-
common” module was meant as the only dependency that connectors need to implement in the future according to FLIP-32. Therefore, we will need to
move those internal data structures.

The converters provided via the “Context’s provide an easy way of avoiding internal data structures and reuse legacy code from formats or connectors that
were returning "Row’.

Discussions around filter pushdown/projection pushdown

https://docs.google.com/document/d/1vSwjx6LIsBFIJUThEaTS00z3Nt5r5fBZ0id4SQbfBPyl/edit

Other discussions

https://docs.google.com/document/d/1ZizzC51L _f52e3mQkxbV5cfNg2K9w8OGq2AIMzKmv78/edit#heading=h.fdwdOzdiycb7


https://docs.google.com/document/d/1vSwjx6LJsBFJUThEaTS00z3Nt5r5fBZ0id4SQbfBPyI/edit
https://docs.google.com/document/d/1ZizzC51L_f52e3mQkxbV5cfNq2K9w8OGq2AlMzKmv78/edit#heading=h.fdwd0zdiycb7
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