Creating new Operators

New (2022/11/02): See also our video about this (here we provide another example).

Typically, you will create an operator in an existing bundle. If you start with a new project from the scratch, you will need to create a new bundle.
To create an operator in your own bundle you need to add some dependencies to your Manifest.MF.

Open the MANIFEST.MF of your bundle and add the following dependencies:
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» Automated Management of Dependencies 1% } Depen

Overview Dependencies Runtime | Extensions Extension Points Build MANIFEST.MF | build.properties

To create a new operator from scratch, the following steps have to be followed:

1. Create a logical operator, which holds the necessary configuration parameters, e.g. a predicate for a filter or an attribute list for a projection. ILogic
alOperator is the interface that needs to be implemented, AbstractLogicalOperator the base class that should be extended. Important: If the
logical operator contains predicates, it must implement the interface IProvidesPredicates!

2. Create (at least) one physical operator implementation that is initialized by the information provided by the logical operator and can process the
input data.

3. Optionally, create a rewrite rule. These rules are used to modify the logical query plan. In most cases this is the switch of operators, e.g. to push
selections and projections close to the sources. If you create a new operator where the placement in the query plan does not matter. Provide
rules to allow switching or else plans with the new operator may be optimizable.

4. Create a transformation rule. A transformation rule translates a logical operator into one of its physical counterparts.

Remark: This example adds an operator to an existing bundle. See Add a new Bundle and Feature if a new bundles should be created.

Important: See below if the output schema of the operator is different than the input schema.

Example: Route operator

In the following we will use the route operator to demonstrate how easy the integration of new operators in Odysseus is. The route operator is a more
general form of the selection operator. It needs a number of predicates. If the first predicate evaluates on the incoming data to true, the input will be send
to first output (port 0), if the seconds evaluates to true to the seconds output and finally, if no predicate evaluates to true to the last output port.

Step 1: Creating the logical operator

First, you need to decide if you want to place the operator in a new OSGi bundle or in an existing one. Independently of that, the operator must be placed
in a package ending with logicaloperator if it should be integrated automatically.

To create your own logical operator you need to extend AbstractLogicalOperator (which implements ILogicalOperator). For convenience reasons there are
base implementations for operators with single input (UnaryLogicalOp) and binary input (BinaryLogicalOp). As a naming convention, the class name
should end with AO (for algebra operator).

This class must provide (at least) two constructors and the clone method. The default constructor is required as instances of logical operators are created
by newlnstance(). Clone must call the copy constructor and the copy constructor must call the super copy constructor! If at runtime an error like
"has no owner" is called, in most cases this is because of the missing call to the super copy constructor.

Finally, the class needs setters and getters for the parameter it should keep

RouteAO
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https://odysseus.informatik.uni-oldenburg.de/download/documentation/videos/development/CreatingNewOperators.mp4
https://wiki.odysseus.informatik.uni-oldenburg.de/display/ODYSSEUS/Add+a+new+Bundle+and+Feature
https://wiki.odysseus.informatik.uni-oldenburg.de/display/ODYSSEUS/Add+a+new+Bundle+and+Feature
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package de.uniol.inf.is.odysseus.tutorial.logical operator;

inport java.util.LinkedList;
import java.util.List;

import de.uniol.inf.is.odysseus.core.|ogical operator.Logical Operator Cat egory;

import de.uniol.inf.is.odysseus.core. predicate.|Predicate;

inport de.uniol.inf.is.odysseus.core.sdf.schema. SDFScheng;

import de.uniol.inf.is.odysseus.core.server.|ogical operator. AbstractLogi cal Operator;
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import de.uniol.inf.is.odysseus.core.server. | ogical operator.UnaryLogi cal Op;
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i i
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inport de.uniol.inf.is.odysseus.core.server.|ogical operator.annotations.Logical Operator;

import de.uniol.inf.is.odysseus.core.server.|ogical operator.annotations. Paraneter;

import de.uniol.inf.is.odysseus.core.server.|ogical operator.builder. Bool eanPar anet er;

inport de.uniol.inf.is.odysseus.core.server.|ogical operator.builder.PredicateParaneter;

import de.uniol.inf.is.odysseus.core.server.physical operator.|HasPredicates;

@.ogi cal Operator(nane = "ROUTE", minlnputPorts = 1, maxlnputPorts = 1, doc = "This operator can be used to

route the elements in the streamto different further processing operators, depending on the predicate.",
category = { Logi cal Operat or Cat egory. PROCESSI NG })
public class RouteAO extends UnarylLogi cal Op inpl ements | HasPredi cates{

private static final long serial VersionU D = -8015847502104587689L;

private bool ean overl appi ngPredi cates = fal se;
private List<lPredicate<?>> predicates = new Li nkedLi st <I Predi cat e<?>>();

/**

* if an element is routed to an output, heartbeats will be send to all
* ot her outputs.

*/

private bool ean sendi ngHeartbeats = fal se;

public RouteAd) {
super ();

}

publ i ¢ Rout eAQ( Rout eAO rout eAO) {
super (rout eAO) ;
t hi s. overl appi ngPredi cates = rout eAQ overl appi ngPredi cat es;
t hi s. sendi ngHeart beats = rout eAO sendi ngHeart beat s;
if (routeAO predicates !'= null) {
for (IPredicate<?> pred : routeAO predicates) {
this. predicates. add(pred.clone());

}

@verride

prot ected SDFSchema get Qut put Schemal ntern(int pos) {
/1 since it is a routing, schema is always frominput port O
return super.get Qut put Schenmal ntern(0);

}

@Par aneter (type = Predi cateParaneter.class, isList = true)
public void setPredicates(List<IPredi cate<?>> predicates) {
this. predicates = predicates;

}



@verride
public List<lPredicate<?>> getPredicates() {
return predicates;

}
@Par anet er (name = "overl appi ngPredi cates”, type = Bool eanParaneter.class, optional = true, doc = "Evaluate
all (true) or only until first true predicate (false), i.e. deliver to all ports where predicate is true or

only to first")
public void setOverl appi ngPr edi cat es(bool ean overl appi ngPredi cates) {
this. overl appi ngPredi cates = over| appi ngPr edi cat es;

}

@verride
public AbstractLogical Operator clone() {
return new RouteAQ(this);

}

/**
* @eturn
*/
publ i c bool ean isOverl appi ngPredicates() {
return this.overl appi ngPredi cates;

}

@pPar anet er (name = "sendi ngHear t beat s, type = Bool eanParaneter.class, optional = true, doc = "If an el ement
is routed to an output, heartbeats will be send to all other outputs")
public void set Sendi ngHeart beat s(bool ean sendi ngHeart beats) {
t hi s. sendi ngHeart beats = sendi ngHeart beat s;

}

publ i c bool ean i sSendi ngHeartbeats() {
return this.sendi ngHeart beats;

}

Every operator needs to provide an output schema, i.e. what is the schema of the elements that are produced. As a default implementation AbstractLogical
Operator delivers the input schema as the output schema. Route does not change the input schema, so this implementation is sufficient. If the input
schema is not the same as the output schema, the class needs to implement getOutputSchemalntern(int port), where port is the output port of
the operator.

Step 1b: Annotating the logical operator

For the easy integration of new logical operators into to PQL query language, annotations should be used. Another way is to extend AbstractOperatorBuild
er. In these annotations the name of the operator and number of minimal and maximal inputs and the parameters are described. In addition, the
annotations may include some documentation and a URL for further information about the operator. These information are also available in the Odysseus
Studio GUI.

On the right side, the whole implementation of the RouteAO can be found. Because predicates need to be initialized before the processing, they should be
saved by the AbstractLogicalOperator.

Further information about the annotations can be found in the PQL documentation.

Changing the output schema

For many operators the input schema and the output schema are the same but often you need to create you own output schema. For this, overwrite the
method getinputSchemalnternal(port).

If you just want to merge the input from the left and the right, you just can use the method as in the following (from EnrichAO)



@verride
public synchroni zed SDFSchena get Qut put Schenal ntern(int pos) {
/1 The Sum of all | nputSchema
I terator<Logical Subscription> iter = getSubscribedToSource().iterator();
SDFSchena left = iter.next().getSchema();
SDFSchema right = iter.next().getSchema();
SDFSchenma out put Schema = SDFSchenma. join(left,right);

set Qut put Schema( out put Schema) ;
return out put Schema;

If you want to add new Attributes, it is important that you create a new schema based on the input one (because there are many hidden stream
descriptions inside the schema). In the following there is an example for this

@verride

publ i c SDFSchema get Qut put Schermal ntern(int pos) {
final String start = "neta_valid_start";
final String end = "nmeta_valid_end";

/] Create new Attributes
SDFAttribute starttineStanp = new SDFAttribute(null, start,
SDFDat at ype. TI MESTAMP, null, null, null);
SDFAttribute endtineStanp = new SDFAttribute(null, end,
SDFDat at ype. TI MESTAMP, null, null, null);

Li st <SDFAttribute> outputAttri butes = new ArrayLi st <SDFAttri bute>();
/Il Retrieve old attributes (they should all be part of the output schenm)
out put Attributes. addAl | (get| nput Schema(0).getAttributes());

/1 add new Attributes
out put Attributes. add(startti meStanp);
out put Attri but es. add(endti meSt anp) ;

/'l Create new Schema with Factory, keep input Schena!

SDFSchena schema = SDFSchemaFact ory. creat eNewW t hAttri but es(out put Attri butes, getlnput Schema(0)));
return schens;

You can also create a totally new schema, e.g. if your operator creates a different output from the input. Here is an example for this:

@verride

publ i ¢ SDFSchema get Qut put Schemal ntern(int pos) {
SDFAttribute outl = new SDFAttribute(...)
SDFAttribute out2 = new SDFAttribute(...)
SDFAttribute out3 = new SDFAttribute(...)

1
1

i

Li st <SDFAttribute> outAttributes = new ArrayList<>();
out Attri butes. add(outl);
out Attri butes. add(out 2);
out Attri butes. add(out 3);

/'l Create new Schema with Factory, keep input Schena!

SDFSchema schema = SDFSchemaFact ory. creat eNewW t hAt t ri but es(out put Attri butes, getlnputSchema(0)));
return scheng;

Step 2: Create the physical operator



Until now, only descriptive information about the new operator is given. Next the concrete implementation of its functionality needs to be provided.

To create an own physical operator, AbstractPipe<R,W> needs to be extended. To allow generic implementations we utilize the Java generics approach. R
is the type of the objects that are read by the operator and W is the type of the objects that are written. Although in most cases, this will be the same class
(e.g. Tuple) some operators may read other objects than they write.

The following methods need to be overwritten:

® getOutputMode(): Needed for locking, Goal: Reduce object copies
© INPUT: read element will not be modified (e.g. selection)
© MODIFIED_INPUT: read element will be modified (e.g. projection)
© NEW_ELEMENT: operator creates a new element (e.qg. join)

@verride
publ i c CQut put Mode get Qut put Mode() {
return CQut put Mode. | NPUT;

}

Important: For operators with more than one input the processing must be synchronized. Especially, process_next and processPunctuation!

® process_next(R input, int port)
© Process new input element on input port, a new created element can be send to the next operator with the transfer() method

@verride
protected void process_next(T object, int port) {
for (int i=0;i<predicates.size();i++){
if (predicates.get(i).evaluate(object)) {
transfer(object,i);
return;
}
}

transfer (object, predi cates. size());

If necessary: process_open, process_close. These methods are called when the query is initialized and terminated, respectively.

® processPunctuation(Punctuation punctuation, int port)
© This method is needed to process punctuations (e.g.heartbeat, Heartbeats allow determining the progress of time without the need to

produce new elements). It is important, that punctuations and elements are timely ordered, i.e. if a punctuation is send, no other element
is allowed to be send with an older timestamp anymore! If the operator has no state, it is enough to call sendPunctuation.

@verride
public void processPunctuati on(PointInTime tinestanp, int port) {

sendPunct uati on(ti nmestanp);

}

® process_isSemanticallyEqual(IPhysicalOperator ipo)
© This method is needed for query sharing. Return true, if the operator given and the current operator are equivalent and can be replaced

by each other.



@verride
publ i c bool ean process_i sSemanti cal | yEqual (| Physi cal Operator ipo) {
if(!(ipo instanceof RoutePO)) {
return fal se;
}
Rout ePO spo = (RoutePO) i po;
i f(this.hasSameSources(spo) &&
this. predicates.size() == spo. predicates.size()) {
for(int i = 0; i<this.predicates.size(); i++) {
if(!this.predicates.get(i).equal s(spo.predicates.get(i))) {
return fal se;
}
}

return true,

}

return false;

As a naming convention the class name should end with PO (physical operator).

RoutePO

package de.uniol.inf.is.odysseus.tutorial.physical operator;
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* Copyright 2011 The QOdysseus Team

* Licensed under the Apache License, Version 2.0 (the "License");
* you may not use this file except in conpliance with the License.
* You may obtain a copy of the License at

* http://ww. apache. org/licenses/ LI CENSE-2. 0

* Unless required by applicable law or agreed to in witing, software

* distributed under the License is distributed on an "AS | S" BASI S,

* W THOUT WARRANTI ES OR CONDI TI ONS OF ANY KI ND, either express or inplied.
* See the License for the specific |anguage governing perm ssions and

* |imtations under the License.

*/

inport java.util.Arraylist;
inmport java.util.Collection;
import java.util.List;

import de.uniol.inf.is.odysseus.core.nmetadata.| MetaAttribute;
inport de.uniol.inf.is.odysseus.core. netadata. !l Streanbject;
import de.uniol.inf.is.odysseus.core. nmetadata.|Ti nmelnterval;
import de.uniol.inf.is.odysseus. core. physical operator. Heartbeat;
inport de.uniol.inf.is.odysseus.core. physical operator.|Physical Operator;
import de.uniol.inf.is.odysseus. core. physical operator.|Punctuation;
inport de.uniol.inf.is.odysseus.core. predicate.|Predicate;
import de.uniol.inf.is.odysseus.core.server. physical operator. Abstract Pi pe;
import de.uniol.inf.is.odysseus. core.server.physical operator.|HasPredicates;
/**
* @uthor Marco G awunder
*/

@uppressWarni ngs({ "rawtypes" })
public class Rout ePO<T extends | StreanCbject<l MetaAttribute>> extends AbstractPi pe<T, T> inplenments
| HasPredi cates {

private List<lPredicate<?>> predicates;
final bool ean overl appi ngPredi cat es;

| *x*

* jf an element is routed to an output, heartbeats will be send to all other outputs.
*
/



final bool ean sendi ngHeartbeats;

publ i c Rout ePQ(Li st<I Predi cat e<T>> predi cates,
bool ean overl appi ngPredi cates, bool ean sendi ngHeartbeats) {
super ();
this. overl appi ngPredi cates = overl appi ngPr edi cat es;
t hi s. sendi ngHeart beats = sendi ngHeart beat s;
i nitPredicates(predicates);

}

@verride
public List<lPredicate<?>> getPredicates() {
return predicates;

}

private void initPredicates(List<|Predi cate<T>> predicates) {
this.predicates = new ArrayLi st <l Predi cat e<?>>(
predi cates. si ze());
for (IPredicate<?> p : predicates) {
t hi s. predi cates. add(p. cl one());

}

@verride

publ i c Qut put Mode get Qut put Mode() {
return Qut put Mode. | NPUT;

}

@uppr essWar ni ngs("unchecked")
@verride
protected void process_next(T object, int port) {
bool ean found = fal se;
Col | ecti on<I nteger> routedToPorts = null;
i f (sendi ngHeartbeats) {
routedToPorts = new Arraylist<>();
}
for (int i =0; i < predicates.size(); i++) {
if (((IPredicate<T>)predicates.get(i)).evaluate(object)) {
T out = object;
/1 1f object is send to nultiple output ports
/1 it MJIST be cl oned!
if (overlappingPredicates) {
out = (T)object.clone();
out . set Met adat a( obj ect . get Met adata().clone());
}
transfer(out, i);
found = true;
if ((sendingHeartbeats) && (routedToPorts != null)) {
rout edToPorts. add(i);
}
if (!overlappingPredicates) {
break;
}
}
}
if (!found) {
transfer(object, predicates.size());
if ((sendingHeartbeats) && (routedToPorts != null)) {
rout edToPorts. add( predi cates. si ze());
}
}

if ((sendingHeartbeats) && (routedToPorts != null)) {
/1 Sending heartbeats to all other ports
for(int i = 0; i < predicates.size(); i++) {

if(!routedToPorts. contains(i))

t hi s. sendPunct uati on( Heart beat . cr eat eNewHear t beat (( (| St r eam(bj ect <?

extends | Tinelnterval >) object).getMetadata().getStart()), i);

}



}

@verride
public void processPunctuation(lPunctuati on punctuation, int port) {
for (int i=0;i<predicates.size();i++){
sendPunct uati on(punctuation,i);
}
}

@verride
publ i c bool ean process_i sSemanti cal | yEqual (I Physi cal Operator ipo) {
if (!(ipo instanceof RoutePO) {
return fal se;

}
Rout ePO spo = (RoutePO) i po;
if (this.predicates.size() == spo.predicates.size()) {
for (int i =0; i < this.predicates.size(); i++) {
if (!'this.predicates.get(i).equals(spo.predicates.get(i))) {
return false;
}
}
return true;
}
return false;
}
@verride

public void setPredicates(List<IPredi cate<?>> predicates) {
this. predicates = predicates;

}

TODO: InputSyncArea, OutputTransferArea

Important: If you create a new StreamObject at runtime you must copy the cloned metadata!

out . set Met adat a(i nput . get Met adat a() . cl one());

Query Rewrite (Step 3)

Rewriting is used to switch, add, remove or replace logical operators before they are transformed into their physical counterparts. Normally, the aim of the
rewriting process is to optimize the query, for example, by pushing down selection operator before costly joins. The implementation is done by rewriting
rules, which are implemented like transformation rules (see next section).

Transformation (Step 4)

To translate the logical operator into the physical counterpart the transformation engine is needed. The rule for the route operator can be found in the
following example. Further information can be found in the description of the transformation component.



TRouteAO
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* Copyright 2011 The Qdysseus Team

* Licensed under the Apache License, Version 2.0 (the "License");
* you may not use this file except in conpliance with the License.
* You may obtain a copy of the License at

http://ww. apache. org/licenses/ LI CENSE- 2. 0

* Unless required by applicable law or agreed to in witing, software

* distributed under the License is distributed on an "AS | S" BASI S,

* W THOUT WARRANTI ES OR CONDI TI ONS OF ANY KIND, either express or inplied.
* See the License for the specific |anguage governing perni ssions and

* limtations under the License.

*/

package de.uniol.inf.is.odysseus.tutorial.rules;
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. odysseus
. odysseus
. odysseus
. odysseus
. odysseus
. odysseus
. odysseus

.core.server. | ogical operator. Rout eAG

.core.server. physi cal oper at or. Rout ePQ,

.core.server. pl anmanagenent . Tr ansf or mat i onConfi gurati on;
.rul eengi ne. rul e. Rul eExcepti on;

.rul eengi ne. rul efl ow. | Rul eFl owGr oup;

.transform fl ow Transf or nRul eFl owG oup;

.transformrul e. Abstract Transf or mati onRul e;

@uppr essWar ni ngs({"unchecked", "raw ypes"})
public class TRout eACRul e extends Abstract Transfor mati onRul e<Rout eAC> {

{

@verride
public int getPriority() {
return O;

}

@verride
public void execute(RouteAO routeAOQ, Transformati onConfiguration config) throws Rul eException

}

def aul t Execut e(rout eAO, new Rout ePQ(r out eAQO. get Predi cates(), routeAO. i sOverl appi ngPredi cates(),
rout eAQ. i sSendi ngHear t beats()),

@verride
publ i c bool ean i sExecut abl e( Rout eAO operator, Transformati onConfiguration transfornConfig) {
return operator.isAllPhysicallnputSet();

}

@verride
public String getNanme() {
return "Rout eAO -> Rout ePO';

}

@verride
public | Rul eFl owG oup get Rul eFl owG oup() {
return TransfornRul eFl owG oup. TRANSFORMATI ON;

}

@verride
public O ass<? super RouteAO> get Conditiond ass() {
return RouteAQ cl ass;

}

config, true, true);
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