Creating Metadata types

The exisiting set of Metadata can be extended with own types.
The are two types of metadata:

® Base Metadatypes (extends AbstractBaseMetaAttribute)
® Combined Metadatatypes (extends AbstractCombinedMetaAttribute)

Important:

® |f you Want to use comblnatlon of eX|st|ng types (e g the new type and Tlmelnterval) you could deflne a comblned metadata er-let-Odysseus-de-

. Because there is a one to one mappmg between a metadata mterface and a metadata type all metadata types must be final.

Creating a new base metadata type
In our example we will use the trust metadata (de.uniol.inf.is.odysseus.trust). This is just a double value.

To create new base metadata type you first need to create an interface to set and retrieve the values that should be contained in this metadata. This
interface must extend IMetaAttribute.

public interface | Trust extends | MetaAttribute {

voi d set Trust (doubl e trustVal ue);
doubl e get Trust();

This interface must be implemented by the content holding class:

public final class Trust extends AbstractBaseMetaAttribute inplements |Trust {

private static final String TRUSTVALUE = "trustval ue";
private static final String NAME = "Trust";

@uppr essWar ni ngs("unchecked")
public final static O ass<? extends | MetaAttribute>[] classes = new Cass[] { I|Trust.class };

public static final List<SDFMetaSchema> schema = new ArraylLi st<>(cl asses.|length);

static {

Li st <SDFAttribute> attributes = new ArrayList<>();

attributes. add(new SDFAttri but e(NAVE, TRUSTVALUE, SDFDat atype. DOUBLE));

schena. add( SDFSchenmaFact ory. cr eat eNewMet aSchema( NAME, Tupl e. cl ass, attributes, |Trust.class));
}

@verride
public List<SDFMet aSchema> get Schema() {
return schens;

}

@verride
public O ass<? extends | MetaAttribute>][] getd asses() {
return cl asses;

}

private static final long serial VersionU D = -426212407481918604L;
private doubl e trustVal ue;

public Trust() {
this.trustValue = 1;

}

public Trust(Trust trust) {
this.trustValue = trust.trustVal ue;

}
@verride
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public String getName() {
return NAME;
}

@verride
publ i c bool ean equal s(Obj ect obj) {
if (this == obj) {
return true;
} else if (!(obj instanceof Trust)) {
return false;

}

return this.trustValue == ((Trust) obj).trustVal ue;
}
@verride

public void retrieveVal ues(Li st<Tupl e<?>> val ues) {
@Buppr essWar ni ngs("raw ypes")
Tuple t = new Tuple(1, false);
t.setAttribute(0, Double.valueO(this.trustValue));
val ues. add(t);

}

@verride
public void witeVal ue(Tupl e<?> val ue) {
this.trustValue = ((Double) (value.getAttribute(0))).doubleValue();

}

@uppr essWar ni ngs("unchecked")

@verride

public <K> K getVal ue(int subtype, int index) {
switch (index) {

case O:
return (K) Doubl e.val ued (this.trustVal ue);
defaul t:
return null;
}
}
@verride

public void setTrust(doubl e value) {
this.trustValue = val ue;

}

@verride
public double getTrust() {
return this.trustVal ue;

}

@verride
protected I1nlineMetadataMergeFunction<? extends | MetaAttribute> getlnlineMergeFunction() {
return new Trust MergeFunction();

}

@verride
public I Trust clone() {
return new Trust (this);

}

@verride
public String toString() {
return "" + this.trustVal ue;

}

There are quite a lot of methods that need to be implemented. This is necessary to allow combination of metadata types.



@Buppr essWar ni ngs("unchecked")
public final static O ass<? extends | MetaAttribute>[] classes = new Cass[] { |Trust.class };

public static final List<SDFMetaSchema> schema = new Arraylist<>(cl asses.|length);

static {
Li st <SDFAttribute> attributes = new ArrayList<>();
attributes. add(new SDFAttri but e(NAVE, TRUSTVALUE, SDFDat atype. DOUBLE));
schena. add( SDFSchenmaFact ory. cr eat eNewMet aSchema( NAME, Tupl e.class, attributes, |Trust.class));

}

@verride
public List<SDFMet aSchema> get Schema() {
return schenms;

}

@verride
public C ass<? extends | MetaAttribute>[] getd asses() {
return cl asses;

}

First of all, this class must define, which metatype it provides (here ITrust.class, line 2) and provide a schema for the metadata. This is the same as for
operators where an output schema need to be defined with one difference: The created schema must be a Metaschema (line 9).

Then a default constructor and a copy constructor must be defined, and a method that returns the name of the metadata:

private doubl e trustVal ue;

public Trust() {
this.trustValue = 1;

}

public Trust(Trust trust) {
this.trustValue = trust.trustVal ue;

}

@verride

public String getNanme() {
return NAME;

}

The next part contains methods to set and get the values:

@verride
public void setTrust(doubl e value) {
this.trustValue = val ue;

}

@verride
public double getTrust() {
return this.trustVal ue;

}

The following methods must be used to handle cases with tuples. This methods are important to allow sending metadata via network or writing to a file.

retrieveValues requires, that the metadata is returned inside a tuple. So if there are multiple values (e.g. with latency) use different positions inside the
tuple. Important use for reading and writing the same positions!

writeValue ist used to set the value of the metadata object from a tuple object (same position 0 as in retrieve).

getValue is used to get a single value from the metadata, index is the same as the position inside the tuple (see Latency for a complexer example).
subtype is not used in base metadata. This is only used in combined metadata.



@verride
public void retrieveVal ues(Li st<Tupl e<?>> val ues) {
@uppr essVar ni ngs("rawt ypes")
Tuple t = new Tuple(1, false);
t.setAttribute(0, Double.valueX(this.trustValue));
val ues. add(t);

}
@verride

public void witeVal ue(Tupl e<?> val ue) {
this.trustValue = ((Double) (value.getAttribute(0))).doubleValue();

}

@uppr essWar ni ngs("unchecked")

@verride

public <K> K getVal ue(int subtype, int index) {
switch (index) {

case 0:

return (K) Doubl e.val ueXr (this.trustValue);
defaul t:

return null;
}

Metadata must be combined, e.g. in a join or in an aggregation. The method getinlineMergeFunction returns a function that can do the merge.

@verride
protected I1nlineMetadataMergeFuncti on<? extends | MetaAttribute> getlnlineMergeFunction() {
return new Trust MergeFunction();

}

This merge function must be provided as follows:

public class TrustMergeFunction inplements I1nlineMetadataMergeFunction<l Trust> {

@verride
public void nergelnto(lTrust result, |Trust inLeft, ITrust inRight) {
result.setTrust(Math. mn(inLeft.getTrust(), inRi ght.getTrust()));

}

@verride
public I1nlineMetadataMergeFunction<? super |Trust> clone() {
return this;

}

@verride
public C ass<? extends | MetaAttribute> get MetadataType() {
return | Trust. cl ass;

}

There must be implemented three methods:
getMetadataType() must deliver the metadata type for which this function will be used. (line

clone() must return an instance of this function. If the function has a state, it is important to create a new function. Typically, this is not the case, so just
return this.

mergelnto is the function that is called by the framework to merge two metadata values. The result must be written to the inout parameter result (this is
necessary for easy handling of combined metadata). In this case, the new trust value is the mininum of both values.

Finally, this metadata must be registered. This is done with an OSGi component:



<?xm version="1.0" encodi ng="UTF-8"?>
<scr:conponent xm ns:scr="http://ww. osgi.org/xmns/scr/vl. 1. 0" nanme="de.uniol.inf.is.odysseus.trust.Trust">
<i npl ement ati on class="de.uniol.inf.is.odysseus.trust. Trust"/>
<service>
<provide interface="de.uniol.inf.is.odysseus.core.netadata.|MtaAttribute"/>
</ service>
</ scr: conponent >

and registered inside the MANIFEST.MF (line 11)

Mani f est-Version: 1.0

Bundl e- Mani f est Versi on: 2

Bundl e- Narme: Trust Metadata

Bundl e- Synbol i cNare: de. uniol.inf.is.odysseus.trust

Bundl e- Version: 1.0.0.qualifier

Requi re-Bundl e: de.uniol.inf.is.odysseus.core,
de.uniol.inf.is.odysseus. core. server,
de.uniol.inf.is.odysseus.transform bundl e-versi on="1.0.0",
de. uni ol .inf.is.odysseus. rul eengi ne; bundl e-ver si on="1. 0. 0"

Export - Package: de.uniol.inf.is.odysseus.trust

Servi ce- Conponent: OSG - | NF/ Trust . xmnl

Aut omat i c- Modul e- Nane: de. uni ol .inf.is.odysseus.trust

Bundl e- ActivationPolicy: |azy

I nport - Package: org.slf4j

Finally, there should be operators that could set the values.
For examples see:

® https://git.swl.informatik.uni-oldenburg.de/projects/ODY/repos/odysseus_core/browse/server/trust/src/de/uniol/inf/is/odysseus/trust
Iphysicaloperator/TrustUpdater.java

® https://git.swl.informatik.uni-oldenburg.de/projects/ODY/repos/odysseus_core/browse/server/trust/src/de/uniol/inf/is/odysseus/trust/logicaloperator
/TrustAO.java

® https://git.swl.informatik.uni-oldenburg.de/projects/ODY/repos/odysseus_core/browse/server/trust/src/de/uniol/inf/is/odysseus/trust/transform
[TTrustAORule.java

Creating a combined metadata type

Different metadata types can be used together. For this, in the best case, a single class should be provided, that combines this data. Typically, this class
just delegates to the base classes. In the following is an example with trust and timeinterval:
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public class Interval Trust extends AbstractConmbi nedMetaAttribute inplenents ITinmelnterval, |Trust {
private static final long serial VersionU D = 1599620389994530920L;

@uppr essWar ni ngs("unchecked")
public final static O ass<? extends | MetaAttribute>] classes = new dass[] { ITinelnterval.class,
| Trust.cl ass };

@verride
public C ass<? extends | MetaAttribute>[] getd asses() {
return cl asses;

}

public static final List<SDFMetaSchema> schema = new ArraylLi st<>(cl asses.|ength);

static {
schena. addAl | (Ti nel nterval . schenm) ;
schena. addAl | (Trust. schems);

}

@verride
public List<SDFMet aSchema> get Schema() {
return schenms;

}

@verride
public String getNanme() {
return "Interval Trust";

}

The new class must extend AbstractCombinedMetaAttribute and implements the base interfaces for this combination.
The classes for this metadata is the same set of interfaces, and should be in lexical order.

The schema is simply a list containing the subschema of the containing metadata.

private final |Trust trust;
private final ITinelnterval tinelnterval;

public Interval Trust() {
this.trust = new Trust();
this.tinmelnterval = new Tinelnterval ();

}

public Interval Trust(Interval Trust other) {
this.trust = (ITrust) other.trust.clone();
this.tinmelnterval = (ITinelnterval) other.tinmelnterval.clone();

}

@verride
public Interval Trust clone() {
return new Interval Trust(this);

}

@verride
publ i c bool ean equal s(Object obj) {
if (this == obj) {
return true;
} else if (!(obj instanceof Interval Trust)) {
return false;
}
Interval Trust other = (Interval Trust) obj;
return this.trust.equal s(other.trust) & this.tinelnterval.equal s(other.tinmelnterval);

Also similiar to the basetypes, there must be a default constructor, a copy constructor a clone-method and an equals method.



R L e R R T R
/1 Methods that need to nerge different types
R e R R T R

@verride

public void retrieveVal ues(Li st<Tupl e<?>> val ues) {
this.tinelnterval.retrieveVal ues(val ues);
this.trust.retrieveVal ues(val ues);

}

@verride

public void witeVal ues(List<Tupl e<?>> val ues) {
this.tinmelnterval.witeVal ue(val ues.get(0));
this.trust.witeVal ue(val ues. get(1));

}
@verride

public List<llnlineMetadataMergeFuncti on<? extends | MetaAttribute>> getlnlineMergeFunctions() {
Li st <l I nl i neMet adat aMer geFuncti on<? extends | MetaAttribute>> |ist = new ArrayList<>();
list.addAll (this.tinmelnterval.getlnlineMergeFunctions());
list.addAll (this.trust.getlnlineMergeFunctions());
return |ist;

}

@verride
public <K> K getVal ue(int subtype, int index) {
switch (subtype) {

case 0:
return this.tinmelnterval.getValue(0, index);
case 1:
return this.trust.getValue(0, index);
defaul t:
return null;
}
}
@verride
public String toString() {
return "( i=" + this.tinelnterval.toString() + " "+ " =" + this.trust + ")";
}

The next block contains methods to retrieve and set the combined values and merge functions. As you can see, here is always delegated to the base
metadata. Important here is to keep the right order!

In getValue, the subtype, says from which metadata the value should be retrieved.

The last block just contains the getter and setter for the metadata and is always delegated to the base types:



R L e R R T R
/1 Del egates for tinelnterval
R e R R T R

@verride
public PointInTime getStart() {
return this.tinmelnterval.getStart();

}

@verride
public PointInTinme getEnd() {
return this.tinelnterval.getEnd();

}

@verride
public void setStart(PointlnTime point) {
this.tinelnterval.setStart(point);

}

@verride
public void setEnd(PointlnTinme point) {
this.tinmelnterval.set End(point);

}

@verride
public void setStart AndEnd(Poi ntInTime start, PointlnTine end) {
this.tinmelnterval.setStart AndEnd(start, end);

}

@verride
public int conpareTo(lTinelnterval o) {
return this.tinmelnterval.conpareTo(o0);

}

e e R EEEEE PR R
/| Delegates for trust

R e e e LT
@verride

public double getTrust() {
return this.trust.getTrust();

}

@verride
public void setTrust(doubl e trustValue) {
this.trust.setTrust(trustValue);

}

When Odysseus at Runtime does not find such a combined metadata it will create a new one and compile it. This is slower and does not always work. So
it is better to create a combination.

You could use: GenerateMetadataClassCode (https://git.swl.informatik.uni-oldenburg.de/projects/ODY/repos/odysseus_core/browse/common
Icore/src/de/uniol/inflislodysseus/core/metadata/GenerateMetadataClassCode.java) as a generator for the combined metadata.

Remark: Typically, it is best to put each combination of metadata to an own bundle to avoid to many dependencies.

Finally, this class need to be registered as metadata, too:

<?xm version="1.0" encodi ng="UTF-8"?>
<scr:conponent xm ns:scr="http://ww. osgi.org/xmns/scr/vl.1.0" nane="de.uniol.inf.is.odysseus.interval _trust.
I nterval Trust">

<inpl enentation class="de.uniol.inf.is.odysseus.interval _trust.Interval Trust"/>

<service>

<provide interface="de.uniol.inf.is.odysseus.core.netadata.|MetaAttribute"/>

</ service>

</ scr: conponent >
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