SleepyCatintegration

craig: The intended use in the JDO project is to store Java objects in the database. We have our own form of serialization that creates one byte[] for each
persistent Java instance. Each such persistent instance is identified by a key which is either generated (a naive implementation uses a long) or user-
defined, in which case we serialize the user's key.

mark: Ok, it sounds like you're not in need of help with bindings per se, and I'll just use a byte array binding as an example below.

craig: There are two primary access mechanisms: by primary key; or by table or index scan. The reason | asked about multiple bindings is that for some
cases (return all instances of a particular class) we might just want you to do the work and return an iterator to the entrySet over the Map. Other cases, we
want to scan a range of index values and I'm guessing that | can't just use your Map interface. If you actually do have range scans over secondary key
values, this would be of great interest!

mark: I'm happy to say that we do have range scans over secondaries and I'll give you a small example. With the collections API, to access by secondary
key you simply pass the secondary database to the stored map constructor instead of the primary database. This maps secondary key to the primary
record. So the key binding in this case will be for the secondary key and the data binding will be for the primary record.

craig: Just to be specific, if | define my database to have a Map interface, I'd like to iterate over the {primary-key byte[], value byte[]}. In a separate
connection, perhaps, I'd like to iterate over a {secondary-key value, primary-key byte[], value byte[]}. The value type isn't as important as the ability to get
an iterator, for example by using a method on Map:

mark: This is not a problem. The only slightly tricky part, for access by secondary key, is that to return both the primary key and data we'll need an entity
binding. Imagine a map of secondary key to primary record. Abstractly if we do this:

val ue = map. get (secondar yKey);
then to get both the primary key and data we'll need for the value returned by Map.get to be a composite (entity) of the primary key and data. In my

example I'll just use a two element array for the map entity value, where the first element is the byte[] of the primary key and the second is the byte[] of the
primary data.

byte[] secondaryKey = ...;

byte[][] value = (byte[][]) map.get(secondaryKey);
byte[] primaryKey = val ue[0];

byte[] primaryData = val ue[1];

We need the casting because we don't currently support generics.

craig:

public class IndexEntrySet {
public Object secondaryKey;
public byte[ ] primaryKey;
public byte[ ] val ue;

}

public Iterator<IndexEntrySet> i ndexScan(lndex secondaryl ndex, Object |owvalue, Cbject highValue);

mark: To iterate over a key range using the collections API, you use SortedMap.subMap, headMap or tailMap. These create very lightweight wrappers that
enforce the key range. Our StoredSortedMap also has extension subMap, headMap and tailMap methods that support both inclusive and exclusive end
points:

http://www.sleepycat.com/jedocs/java/com/sleepycat/collections/StoredSortedMap.html

Note that the range scan could also be done using the base API rather than the collections API. The base API provides a range lookup, but not a range
iterator. Cursor.getSearchRangeKey positions the cursor to the first key that is greater or equal to the given key. You can iterate (getNext) from there, but
you have to manually enforce the end point of the range. The collections API enforces the end point via the submap.

Please let me know whether this example is clear and gives you what you need to know.

inport java.io.File;

import java.io.l|CException;
import java.util.Collection;
inport java.util.lterator;

inmport java.util.Map. Entry;
inport java.util.SortedMap;

i mport com sl eepycat . bi nd. Byt eArrayBi ndi ng;

i nport com sl eepycat . bi nd. Ent r yBi ndi ng;

i mport com sl eepycat . bi nd. Enti t yBi ndi ng;

i mport com sl eepycat.collections. Storedlterator;


#
#
http://www.sleepycat.com/jedocs/java/com/sleepycat/collections/StoredSortedMap.html

i nport com sl eepycat. col | ections. St oredSort edMap;
i mport com sl eepycat. j e. Dat abase;

i mport com sl eepycat. j e. Dat abaseConfi g;

import com sl eepycat. je. Dat abaseEntry;

i mport com sl eepycat. je. Dat abaseExcepti on;

i nport com sl eepycat.je. Environnent;

i mport com sl eepycat. je. Envi ronnent Confi g;

i mport com sl eepycat. je. SecondaryConfi g;

i nport com sl eepycat.je. Secondar yDat abase;

i mport com sl eepycat. je. Secondar yKeyCreat or;

/*-k

* An exanpl e of using submaps w th secondary keys.
*/

public class |IndexRange {

private static final byte[] ONE = {1};
private static final byte[] TWO = {2, 2};
private static final byte[] THREE = {3, 3, 3};
private static final byte[] FOUR = {4, 4, 4, 4};
private static final byte[] FIVE = {5, 5, 5, 5, 5};
/**
* Usage: |ndexRange -h ENVHOVE
*/
public static void nain(String[] args) {
try {
if (args.length !'=2 || !"-h".equal s(args[0])) {
System out. println("Usage: |ndexRange -h ENVHOVE");
System exit(2);
} else {
String envHonme = args[1];
I ndexRange app = new | ndexRange(envHone);
app. exec();
app. cl ose();
System exit(0);
}
} catch (Exception e) {
e.printStackTrace();
Systemexit(1);
}
}

private Environnent env;

private Database pri Db;

private SecondaryDat abase secDb;
private SortedMap pri Map;
private SortedMap secMap;

/**
* Opens the environment and dat abases.
*/
private I ndexRange(String envHone)
throws | OException, DatabaseException {

Envi ronnent Confi g envConfig = new Envi ronment Config();
envConfig. set Al l owCreate(true);
env = new Environnent (new Fil e(envHone), envConfig);

Dat abaseConfi g pri Config = new Dat abaseConfig();
pri Config.setAll owCreate(true);
pri Db = env. openDat abase(null, "pri", priConfig);

SecondaryConfi g secConfig = new SecondaryConfig();

secConfig. set Al l owCreate(true);

secConfi g. set Sort edDupl i cates(true);

secConfi g. set KeyCreat or (new KeyCreator());

secDb = env. openSecondar yDat abase(null, "sec", priDb, secConfig);

Ent ryBi ndi ng entryBi nding = new Byt eArrayBi ndi ng();
EntityBi nding entityBinding = new ByteArrayEntityBi nding();



pri Map = new StoredSortedMap(pri Db, entryBinding, entryBinding, true);
secMap = new StoredSortedMap(secDb, entryBinding, entityBinding, true);

* O oses the environment and dat abases.
*/
private void close()
t hrows Dat abaseException {

secDb. cl ose();
priDb.close();
env. cl ose();

}

/**
* Derives the secondary key fromthe entire primary data val ue.
*/
private static class KeyCreator inplenments SecondaryKeyCreator {

publ i c bool ean creat eSecondar yKey( Secondar yDat abase db,
Dat abaseEntry pri maryKey,
Dat abaseEntry pri nmaryDat a,
Dat abaseEnt ry secondar yKey)
t hrows Dat abaseException {

secondar yKey. set Dat a( pri maryDat a. get Data());
return true;

}

/**

* Binds a byte[][] entity to a byte[] key and byte[] data.

*/

private static class ByteArrayEntityBinding inplements EntityBinding {

public Cbject entryToObject (DatabaseEntry key, DatabaseEntry data) {
return new byte[][] {key.getData(), data.getData()};
}

public void object ToDat a(Obj ect object, DatabaseEntry data) {
byte[][] val = (byte[][]) object;
data. setData(val [1]);

}

public void object ToKey(Object object, DatabaseEntry key) {
byte[1[] val = (byte[][]) object;
key.setData(val [0]);

}

/**
* Tries a few things.
*/
private void exec() {

pri Map. put (ONE, FI VE);
pri Map. put (TWO, FOUR);
pri Map. put (THREE, THREE);
pri Map. put (FOUR, TWO);
pri Map. put (FI VE, ONE);

Systemout. printIn("Prinmary Database");
print(priMap.entrySet(), false);

Systemout. println("\nSecondary Database");
print(secMap.entrySet(), true);

Systemout. printIn("\nPrimary Database Submap");
print(priMap. subMap(TWO, FOUR).entrySet(), false);



System out . println("\nSecondary Database Subnap");
print(secMap. subMap(TWO, FOUR).entrySet(), true);
}

/**

* Prints the collection of Map.Entry objects.

*/

private void print(Collection mapEntries, bool ean entityVal ues) {

Iterator i = mapEntries.iterator();
try {
while (i.hasNext()) {
Entry entry = (Entry) i.next();
byte[] key;
byte[] data;
if (entityValues) {
byte[][] entity = (byte[][]) entry.getVal ue();
key = entity[O0];
data = entity[1];
} else {
key = (byte[]) entry.getKey();
data = (byte[]) entry.getVal ue();

éystemout.println(" " + format(key) + ": " + format(data));
}
} finally {
Storedlterator.close(i);
}
}
/**

* Formats a byte array as a string.
*
/
private String format(byte[] bytes) {
StringBuffer buf = new StringBuffer();
for (int i =0; i < bytes.length; i++) {
buf . append(bytes[i]);
buf . append(’ ');
}
return buf.toString();
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