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Motivation

When multiple streams aggregate together to form a single larger object (eg. A shopping website may have a cart stream, a wish list stream, and a
purchases stream. Together they make up a Customer.), it is very difficult to accommodate this in the Kafka-Streams DSL. It generally requires you to
group and aggregate all of the streams to KTables then make multiple outerjoin calls to end up with a KTable with your desired object. This will create a
state store for each stream and a long chain of ValueJoiners that each new record must go through to get to the final object.

Creating a cogroup method where you use a single state store will:

1. Reduce the number of gets from state stores. With the multiple joins when a new value comes into any of the streams a chain reaction happens
where ValueGetters keep calling ValueGetters until we have accessed all state stores.

2. Slight performance increase. As described above all ValueGetters are called also causing all ValueJoiners to be called forcing a recalculation of
the current joined value of all other streams, impacting performance.

Example with Current API:

KTabl e<K, V1> tablel = builder.strean("topicl").groupByKey().aggregate(initializerl, aggregatorl,
materializedl);

KTabl e<K, V2> tabl e2 = builder.strean("topi c2").groupByKey().aggregate(initializer2, aggregator2,
materialized2);

KTabl e<K, V3> tabl e3 = builder.strean("topi c3").groupByKey().aggregate(initializer3, aggregator3,
materialized3);

KTabl e<K, CG> cogrouped = tabl el. outerJoin(table2, joinerOneAndTwo). outerJoin(table3, joinerOneTwoAndThree);

As you can see this creates 3 StateStores, and in the Materialized parameter requires 3 initializers, and 3 aggValueSerdes. This also adds the pressure to
user to define what the intermediate values are going to be (V1, V2, V3). They are left with a couple choices, first to make V1, V2, and V3 all the same as

CG and the two joiners are more like mergers, or second make them intermediate states such as Topic1Map, Topic2Map, and Topic3Map and the joiners
use those to build the final aggregate CG value. This is something the user could avoid thinking about with this KIP.

When a new input arrives lets say at "topic1" it will first go through a KStreamAggregate grabbing the current aggregate from storeNamel. It will produce
this in the form of the first intermediate value and get sent through a KTableKTableOuterJoin where it will look up the current value of the key in
storeName2. It will use the first joiner to calculate the second intermediate value, which will go through an additional KTableKTableOuterJoin. Here it will
look up the current value of the key in storeName3 and use the second joiner to build the final aggregate value.

If you think through all possibilities for incoming topics you will see that no matter which topic it comes in through all three stores are queried and all of the
joiners must get used.

Topology wise for N incoming streams this creates N KStreamAggregates, 2*(N-1) KTableKTableOuterJoins, and N-1 KTableKTableJoinMergers.


https://www.mail-archive.com/dev@kafka.apache.org/msg76907.html
https://www.mail-archive.com/dev@kafka.apache.org/msg76887.html

Example with Proposed API:

KG oupedStreankK, V1> groupedl = buil der.strean("topi cl").groupByKey();
KG oupedSt reanxK, V2> grouped2 = buil der.strean("topic2").groupByKey();
KG oupedSt reankK, V3> grouped3 = buil der.strean("topi c3").groupByKey();
KTabl e<K, CG> cogrouped = groupedl. cogroup(aggregator1)

. cogroup(grouped2, aggregator?2)

. cogroup(grouped3, aggregator3)

.aggregate(initializerl, naterializedl);

As you can see this creates 1 StateStore, and in the Materialized parameter requires 1 initializer, and 1 aggValueSerde. The user no longer has to worry
about the intermediate values and the joiners. All they have to think about is how each stream impacts the creation of the final CG object. The idea is that
you can collect many grouped streams with overlapping key spaces and any kind of value types. Once aggregated its value will be reduced into one type.
This is why the user need only one initializer. Each aggregator will need to integrate the new value with the new object made in the initializer.

When a new input arrives lets say at "topic1" it will first go through a KStreamAggreagte and grab the current aggregate from storeNamel. It will add its
incoming object to the aggregate, update the store and pass the new aggregate on. This new aggregate goes through the KStreamCogroup which is pretty
much just a pass through processor and you are done.

Topology wise for N incoming streams the new api will only every create N KStreamAggregates and 1 KStreamCogroup.

Concrete Example:

public class Customer {
List<ltenr cart;
Li st <l ten> purchases;
Li st<ltenr w shLi st;

There are 3 streams: cart, purchases, and wish-list.

We would construct 3 aggregators in which we add the item to the appropriate list. One of these would look like:

private static final Aggregator<String, Item Custoner> CART_AGGREGATCR = new Aggregator<String, Iltem
Custoner>() {
@verride
public Patient apply(String key, Itemvalue, Custoner aggregate) {
aggregat e. cart. add(val ue);
return aggregate;

1

Then we would create the topology:

KG oupedSt reanxLong, |tent groupedCart = buil der.strean("cart").groupByKey();
KG oupedSt reankLong, |tent groupedPurchases = buil der. strean{"purchases"). groupByKey();
KG oupedSt reankLong, |tenr groupedW shLi st = builder.strean("w sh-1list").groupByKey();
KTabl e<Long, Custoner> custoners = groupedCart. cogroup( CART_AGGREGATOR)

. cogroup( groupedPur chases, PURCHASE_AGGREGATOR)

. cogroup(groupedW shLi st, W SH_ LI ST_AGGREGATOR)

.aggregate(initializer, naterialized);
custoners.to("custoners");

Now imagine the streams get the following values:
Stream "cart":

1L, ltem[no:01]
2L, ltem[no:02]
1L, ltem[no:03]
1L, ltem[no:04]
2L, Item[no:05]

Stream "purchases":



2L, ltem[no:06]
1L, Item[no:07]
1L, ltem[no:08]
2L, Item[no:09]
2L, ltem[no:10]

Stream "wish-list":

1L, ltem[no:11]
2L, Item[no:12]
2L, Item[no:13]
2L, ltem[no:14]
2L, Item[no:15]

After all items have flown through the topology, you could expect to see the following outputs in "customers":
1L, Customer][

cart:{ltem[no:01], ltem[no:03], Item[no:04]},
purchases:{ltem[no:07], Item[no:08]},
wishList:{ltem[no:11]}
1

2L, Customer|
cart:{ltem[no:02], ltem[no:05]},
purchases:{ltem[no:06], Iltem[no:09], Item[no:10]},
wishList:{ltem[no:12], ltem[no:13], Item[no:14], Item[no:15]}

It is important to note that intermediate values would also be produced, unless they are processed closely enough together that caching
prevents this. (eg. After first item is processed from "cart" stream customer 1L would be output with only that first item in its cart and no items in
the purchases or wishlist.)

Public Interfaces

KG oupedSt ream <K, V> {

<T> CogroupedKStreanxK, T> cogroup(final Aggregator<? super K, ? super V, T> aggregator);



/**

* {@ode CogroupedKStreant is an abstraction of multiple <i>grouped</i> record streans of {@ink KeyVal ue}
pairs.

* |t is an internediate representation of one or nore {@ink KStrean}s in order to apply one or nore aggregation
* operations on the original {@ink KStrean} records.

* o<p>

* It is an internediate representation after a grouping of {@ink KStreants, before the aggregations are
applied to

* the new partitions resulting in a {@ink KTabl e}.

* <p>

* A {@ode CogroupedKStrean} mnmust be obtained froma {@ink KGoupedStrean} via

* {@ink KG oupedStreamtcogroup(lnitializer, Aggregator, org.apache. kafka.common. serialization.Serde, String)
cogroup(...)}.

*
* @aram <K> Type of keys
* @aram <V> Type of aggregate val ues
*/
public interface CogroupedKStreanxK, Vout> {
<Vi n> Cogr oupedKSt reanckK, Vout> cogroup(final KG oupedStreankK, Vin> groupedStream
final Aggregator<? super K, ? super Vin, Vout> aggregator);

KTabl e<K, Vout> aggregate(final Initializer<Vout> initializer,
final Materialized<K, Vout, KeyValueStore<Bytes, byte[]>> naterialized);

KTabl e<K, Vout> aggregate(final Initializer<Vout> initializer);
KTabl e<K, Vout> aggregate(final Initializer<Vout> initializer,
final Nanmed naned,

final Materialized<K, Vout, KeyVal ueStore<Bytes, byte[]>> materialized);

KTabl e<K, Vout> aggregate(final Initializer<Vout> initializer,
final Nanmed naned);

<W ext ends W ndow> Ti meW ndowedCogr oupedKSt r eanxkK, Vout > wi ndowedBy(fi nal W ndows<Ws wi ndows) ;

Sessi onW ndowedCogr oupedKSt r eanxK, Vout > wi ndowedBy(final Sessi onW ndows sessi onW ndows) ;



/**

* {@ode Sessi onW ndowedCogr oupKSt r eant
apache. kaf ka. st reans. KeyVal ue} pairs.

* It is an intermediate representation of a {@ink KGoupedStreant in order to apply a wi ndowed aggregation
operation on the original

* {@ink KG oupedStreant records.

* <p>

* It is an internediate representation after a grouping,
an aggregation is applied to the

* new (partitioned) windows resulting in a windowed { @i nk KTabl e}

* (a <enph>wi ndowed</ enph> { @ode KTable} is a {@ink KTable} with key type {@ink Wndowed W ndowed<K>}.

* <p>

* The specified { @ode Sessi onW ndows} define the gap between wi ndows.

* The result is witten into a |local wi ndowed {@ink org. apache. kaf ka. streans. state. KeyVal ueStore} (which is
basi cally an ever-updating

* materialized view) that can be queried using the nane provided in the {@ink Mterialized} instance.

*

is an abstraction of a <i>w ndowed</i> record streamof {@ink org.

cogroupi ng and wi ndowi ng of a {@ink KStrean} before

* New events are added to wi ndows until
*

their grace period ends (see {@ink Ti neW ndows#grace(Duration)}).

* Furthernore, updates to the store are sent downstreaminto a wi ndowed {@ink KTabl e} changel og stream where
* "wi ndowed" inplies that the {@ink KTable} key is a conbined key of the original record key and a wi ndow I D.

* A {@ode W ndowedKStrean} nmust be obtained froma {@ink KGoupedStrean} via {@ink KG oupedStreanm#w ndowedBy
(W ndows) }

* @aram <K> Type of keys
* @aram <V> Type of val ues
* @ee KStream
* @ee KG oupedStream
* @ee CogroupedKStream
*/
i mport org. apache. kaf ka. streans. st at e. Sessi onSt or e;

public interface Sessi onW ndowedCogr oupedKSt reanxK, V> {

KTabl e<W ndowed<K>,
final
final

KTabl e<W ndowed<K>, V> aggregate(final

final
KTabl e<W ndowed<K>,

final
final
KTabl e<W ndowed<K>, V> aggregate(final

final

Vout > aggregat e(final

Vout > aggregat e(final

Initializer<Vv>initializer,

Mer ger <? super K, V> sessionMerger,
Mat eri al i zed<K, V, SessionStore<Bytes, byte[]>> nmaterialized);
Initializer<Vv> initializer,

Mer ger <? super K, V> sessionMerger);

Initializer<Vv>initializer,
final

Mer ger <? super K, V> sessionMerger,

Mat eri al i zed<K, V, SessionStore<Bytes,

Naned naned,
byte[]>> materialized);
Initializer<Vv>initializer,

final
K, V> sessionMerger);

Naned naned,
Mer ger <? super



/**

* {@ode Ti meW ndowedCogroupKStreant is an abstraction of a <i>w ndowed</i> record streamof {@ink org.apache.
kaf ka. streans. KeyVal ue} pairs.

* It is an internediate representation of a {@ink KGoupedStrean} in order to apply a wi ndowed aggregati on
operation on the original

* {@ink KGoupedStreant records.

* <p>

* It is an internmediate representation after a groupi ng, cogrouping and wi ndowing of a {@ink KStrean} before
an aggregation is applied to the

* new (partitioned) windows resulting in a wi ndowed {@ink KTabl e}

* (a <enph>wi ndowed</ enph> {@ode KTable} is a {@ink KTable} with key type {@ink Wndowed W ndowed<K>}.

* <p>

* The specified { @ode wi ndows} define either hopping time wi ndows that can be overlapping or tunmbling (c.f.
* {@ink TimeWndows}) or they define | andmark wi ndows (c.f. {@ink UnlimtedWndows}).

* The result is witten into a local windowed {@ink org. apache. kaf ka. streans. state. KeyVal ueStore} (which is
basically an ever-updating

* materialized view) that can be queried using the nane provided in the {@ink Mterialized} instance.

* New events are added to windows until their grace period ends (see {@ink Ti meW ndows#grace(Duration)}).

* Furthernore, updates to the store are sent downstreaminto a w ndowed {@ink KTabl e} changel og stream where
* "wi ndowed" inplies that the {@ink KTable} key is a conbined key of the original record key and a wi ndow | D.

* A {@ode W ndowedKStrean} nust be obtained froma {@ink K& oupedStrean} via {@ink KG oupedStrean#w ndowedBy
(W ndows) }
*

* @aram <K> Type of keys

* @aram <T> Type of val ues
* @ee KStream

* @ee KG oupedStream

* @ee CogroupedKStream

*/

public interface Ti neW ndowedCogroupedKSt reanxK, V> {

KTabl e<W ndowed<K>, V> aggregate(final Initializer<V>initializer,
final Materialized<K, V, WndowStore<Bytes, byte[]>> materialized);

KTabl e<W ndowed<K>, V> aggregate(final Initializer<V>initializer);

KTabl e<W ndowed<K>, V> aggregate(final Initializer<V>initializer,
final Nanmed naned,
final Materialized<K, V, WndowStore<Bytes, byte[]>> materialized);

KTabl e<W ndowed<K>, V> aggregate(final Initializer<V> initializer,
final Named naned);

Proposed Changes

1. Construct the above Public Interfaces.

2. Create an internal.KCogroupedStreamImpl that will keep track of the KeyValueSerde, AggValueSerde, Initializer, and Pairs of (KGroupedStream,
Aggregator).

3. Create an internal TimeWindowedKCogroupedStreamImpl and SessionWindowedKCogroupedStreamIimpl that will complete the windowed
aggregations.

4. make the KStreamAggProcessorSupplier for each KGroupedStream. Additionally ensure all sources are copartitioned, processors have access to
the state store.

5. create a cogroupedStreamAggregateBuilder to take the groupStream and aggregate pairs apply the aggregations

Compatibility, Deprecation, and Migration Plan

® Users must upgrade to new version if they want to use this functionality.



Rejected Alternatives

® Introducing Named in the cogroup

Rational for edits to the KIP

Due to changes to the project since KIP #150 was written there are a few items that may need to be updated.

First item that changed is the adoption of Materialized parameter.

The second item is the WindowedBy. How the KIP currently handles windowing is that it overloads the aggregate function to taking a Window object and
an initializer. Currently the practice to window grouped streams is to call windowedBy and receive a windowed stream object. The same interface for a
windowed stream made from a grouped stream will not work for Cogrouped streams as grouped streams SO we have to make new ones for
CogroupedWindows. This is because when a cogroup is created and aggregated the aggregator is associated with each grouped stream then stored in the
cogroup. When aggregating what is needed is an initializer but not an aggregator.
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