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? Delete( )— ( ) HBase
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( )
HBase Get Scan ( )
HBase Get/Scan
(
)
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? ( )
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memstore
HBase
Delete

HBase /

33



34

Hadoop —_—
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/
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? / ( “ " ¥—Web
? o MD5
2-4
HBase
2.2.3 HBase

HBase Java REST  Thrift API HBase HBase

Web HBase

HBase Java (
— )
HBase HTablelnterface HTablelnterface
HTable HBase Get Scan Put Deete
2-4 HTable

2-4 HTable
Configuration configuration = new Configuration();
HTabl e tabl e = new HTabl e(configuration, "Table");

HTable HBase
HTable HTablePool
HBase API(HTablelnterface) 2-5
HTablePool
2-5 HTablePool

Configuration configuration = new Configuration();
HTabl ePool _tPool = new HTabl ePool (config, nSfize);

_tPool . cl oseTabl ePool ("testtable");

HBase ( Get Scan Put Delete)

2-6 “ table’ “ key” Get
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2-6 Get

HTabl e tabl e = new HTabl e(configuration, "table");

Get get = new Get(Bytes.toBytes("key"));

Result result = table.get(get);

Navi gabl eMap<byte[], byte[]> fam |yValues = result.getFam | yMap
(Bytes.toBytes "columFam ly"));

for(Map. Entry<byte[], byte[]> entry : fam|lyValues.entrySet()){
String colum = Bytes.toString(entry. getKey);
Byte[] value = entry. getVal ue();

}
“ columnFamily” HBase
map
Put Delete HBase Get/Put
2-7
2-7 Put

Map<String, byte[]> rows = ............ ;

HTabl e tabl e = new HTabl e(configuration, "table");

Li st <Put > puts = new Arrayli st <Put>();

for(Map. Entry<String, byte[]> row: rows.entrySet()){
byte[] bkey = Bytes. toBytes(row. getKey());
Put put = new Put (bkey);

put . add( Byt es. toBytes("fam | y"),

Byt es. toBytes("col um"), row. get Val ue());

puts. add(put);

}

t abl e. put (puts);

map “ family”
column” Put Put

HBase Scan Scan

2-8( BoundinBoxFilterExampl€)

2-8 Scan

Put put = new Put (Bytes.toBytes("b"));
put.add(famA, colll, Bytes.toBytes("0.,0."));
put.add(famd, coll?2, Bytes.toBytes("hello world!"));
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hTabl e. put (put);
put = new Put (Bytes.toBytes("d"));
put.add(famA, coll1, Bytes.toBytes("0.,1."));
put . add(famA, coll2, Bytes.toBytes("hello HBase!"));
hTabl e. put (put);
put = new Put (Bytes.toBytes("f"));
put.add(famA, coll1, Bytes.toBytes("0.,2."));
put . add(famA, coll 2, Bytes.toBytes("blahblah"));
hTabl e. put (put);
/1 Scan data
Scan scan = new Scan(Bytes.toBytes("a"), Bytes.toBytes("z"));
scan. addCol um( famA, coll1);
scan. addCol um( famA, coll 2);
Wit abl eByt eArrayConpar abl e cust onFi | t er = newBoundi ngBoxFilter("-1.,-1.,
1.5,1.5");
Si ngl eCol umVal ueFi | ter singl eCol umVal ueFilterA = new
Si ngl eCol umVal ueFilter(famd, coll 1, ConpareQp. EQUAL, custonFilter);
singl eCol uimVal ueFilterA setFilterlfM ssing(true);
Si ngl eCol umVal ueFi | ter singl eCol umVal ueFilterB = new
Si ngl eCol umVal ueFil ter(famA, coll 2, ConpareQp. EQUAL,
Byt es.toBytes("hel |l o HBase!"));
singl eCol uimVal ueFilterB.setFilterlfM ssing(true);
FilterList filter = new FilterList(Operator. MJST_PASS ALL, Arrays
.asList((Filter) singleCol utmVal ueFilterA,
si ngl eCol umVal ueFilterB));
scan.setFilter(filter);
Resul t Scanner scanner = hTabl e. get Scanner (scan);

for (Result result : scanner) {
Systemout. printl n(Bytes.toString(result.getValue(fam coll1)) +" ,
+ Bytes.toString(result.getValue(fami, coll2)));

}
Scan
famA colll
coll2 HBase —_
( 2-9 BoundingBoxFilter) “ "
ResultScanner

2-9
public class Boundi ngBoxFilter extends Witabl eByt eArrayConpar abl e{

private Boundi ngBox _bb;
publ i ¢ Boundi ngBoxFilter(){}
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publ i c Boundi ngBoxFilter(byte [] value) throws Exception{

thi s(Bytes.toString(value));
}

publ i c Boundi ngBoxFilter(String v) throws Exception{
_bb = stringToBB(Vv);
}

private Boundi ngBox stringToBB(String v)throws Exception{

@verride
public void readFi el ds(Datal nput in) throws |OException {

String data = new String(Bytes.readByteArray(in));
try {
_bb = stringToBB(data);
} catch (Exception e) {
t hrow new | CException(e);
}
}

private Point bytesToPoi nt(byte[] bytes){

@verride
public void wite(DataCQutput out) throws | CException {

String value = null;
if(_bb !'=null)
value = _bb.getLowerLeft().getlLatitude() + "," +
_bb. get Lower Left (). getLongitude() +
"," + _bb.getUpperRight().getlLatitude() + "," +
_bb. get Upper Ri ght (). get Longi tude();
el se
value = "no bb";
Bytes.witeByteArray(out, val ue.getBytes());

}

@verride
public int conpareTo(byte[] bytes) {

Poi nt poi nt = bytesToPoi nt (bytes);
return _bb.contains(point) ? 0 : 1;
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}
Get Get Scan HBase Get

Get  Scan Scan

scan.setCaching(HBASECA SHING)( HBASECASHING )
( UnknownScannerException)
( 2-9) Hadoop  WritableByteArrayComparable
BoundingBox  Point
( BoundingBox Point)

? CompareTo
? readFields write

( )
HBase ( ) (
) ( ) ( ) 2-9
(
jar HBase
HBase API HBase
HBase 2-10( TableCreator)
HBase

2-10 TableCreator

public class Tabl eCreator {

public static List<HTabl e> get Tabl es(Tabl esType tabl es, Configuration
conf)throws Exception{

HBaseAdnm n hBaseAdni n = new HBaseAdm n(conf);

Li st <HTabl e> result = new Li nkedLi st <HTabl e>();

for (Tabl eType table : tables.getTable()) {
HTabl eDescri ptor desc = null;
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if (hBaseAdm n.tabl eExi sts(table.getNane())) {
if (tables.isRebuild()) {
hBaseAdni n. di sabl eTabl e(t abl e. get Nane()) ;
hBaseAdni n. del et eTabl e(t abl e. get Nane()) ;
creat eTabl e(hBaseAdnmin, table);
}
el se{
byte[] tBytes = Bytes.toBytes(table.getNanme());
desc = hBaseAdm n. get Tabl eDescri ptor (t Bytes);
Li st <Col ummFami | y> col umms = tabl e. get Col umFani | y();
for(ColumFanily famly : colums){
bool ean exists = fal se;
String nane = fanily. get Name();
f or (HCol umbDescriptor fm:
desc.getFam lies()){
String fmName = Bytes.toString(fm getName());
i f (nane. equal s(fnm\ane)) {
exists = true;
br eak;
}
}
if(!exists){
Systemout.println("Adding Fanmly " + nanme +
" to the table " + table.getName());
hBaseAdm n. addCol umm( 't Byt es,
bui | dDescriptor(famly));

}
}
}
} else {
creat eTabl e( hBaseAdni n, table);
}

resul t.add( new HTabl e(conf, Bytes.toBytes(table.getNanme())) );
}

return result;

}

private static void createTabl e(HBaseAdn n hBaseAdmni n, Tabl eType t abl e)
t hrows Exception{
HTabl eDescri ptor desc = new HTabl eDescri ptor (tabl e. get Nane());
if(table.getMaxFileSize() !'= null){
Long fs = 1024l * 1024l * table.get MaxFil eSi ze();
desc. set Val ue( HTabl eDescri pt or. MAX_FI LESI ZE, fs.toString());
}
Li st <Col umFani | y> col uims = tabl e. get Col umFani | y();
for(ColumFanmily famly : col ums){
desc. addFani | y(bui | dDescriptor(famly));
}

hBaseAdni n. cr eat eTabl e(desc) ;
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private static HCol umbDescri ptor buil dDescriptor(ColumFanmily famly){

HCol umDescri pt or col =newHCol utmbDescriptor(fanily. get Name());
if(famly.isBlockCacheEnabled() != null)

col . set Bl ockCacheEnabl ed(fanily. i sBl ockCacheEnabl ed());
if(famly.islnMermory() !'= null)

col .setlnMenory(famly.islnMenory());
if(famly.isBloonFilter() !'= null)

col . set Bl oonFi | t er Type( Bl oonType. ROACOL) ;
if(famly. get MaxBl ockSi ze() !'= null){

int bs = 1024 * 1024 * fanily. get MaxBl ockSi ze();

col . set Bl ocksi ze(bs);

}
if(famly. get MaxVersions() != null)

col . set MaxVer si ons(fam | y. get MaxVersi ons().intVal ue());
if(famly.getTi meToLive() !'= null)

col . set Ti neToLi ve(fani | y. get Ti neToLi ve());
return col;

}
}
HBaseAdmin
APl HBase
HTableDescriptor
HColumnDescriptor HColumnDescriptor
HBaseAdmin

adm n. cr eat eTabl e(desc, splitKeys);
adm n. cr eat eTabl e(desc, startkey, endkey, nregions);

HBase API
StumbleUpon HBase API —_— HBase HBase
(HTable) HBase HBaseClient
HBase ( HTable )

/ HBase
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Put Get/Scan
HBase ( 4 )
( HBase
CPU )
HBase HBase
HBase jar
jar HBase 0.20.6 ( ) HBase
0.90 ( Get RPC
HBase HBase
?
API API
? API
HBase
HBase RDBMS
?  — ( ) HBase
RDBMS
( )
? e RDBMS (
) JDBC
RDBMS “ " HBase RDBMS HBase
2.2.4 HBase
HBase
? HFilev2
?
1. HFile v2
HFile
HFile

GB
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HFilev2 (
)
HFilev2
HFilev2
? HFile
? HFile
?
HFilev2 HFilevl v2
HFilev2 HBase HFilevl
HFilev2 HFilev2 HBase
HFilev3
2.
HBase Google BigTable
 — Hadoop MapReduce
( )
BigTable HBase
HBase ( Java Virtual
Machine(JVM) Google tablet
( HBase ) (HBase
)
HBase
?
?
? ( )
? ( )
HBase HBase
HBase
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? RegionObserver—

HBase
? WALObserver—
WAL
WAL Observer
? MasterObserver—

(Get Put Delete Scan
RegionObserver
RegionObserver
(WAL)
WAL Observer WAL
HBase

(
MasterObserver  HBase

(RPC)
HBase RPC
(0] CoprocessorProtocol RPC
2 ( ) BaseEndpointCoprocessor
( )
HBase
HBase API APl
( )
( )
?
? Put
Put
HBase

HBase HDFS

Put
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2.3 HDFS HBase

(HDFS  HBase)

HDFS
HBase
—_— (MB GB )
Hadoop PDF
HBase
HBase ( )
HDFS —map
HDFS HBase
SequenceFile
( ) HBase
HBase ( )
9
HDFS  HBase ( )
Apache Avro
2.4 Apache Avro
Hadoop ——Avro Avro
Thrift Protocol Buffers Avro
? —Avro /
?  — Avro / /
ID Avro
? _ Avro
Avro Hadoop

NoSQL ( Cassandra)
Avro Avro Java
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Avro ——JavaScript Object Notation(JSON) Avro
Avro null boolean int long float double bytes string
null
Avro
? Record— C Record
Avro
? Enum—— Enum
( JSON )
? Array—
? Map—
? Union— or Union
/ Avro
Avro
? Array
? Map
? Enum
? Record
?
? Union
Java
Avro Avro
?
( )
?
( )
?
Avro Avro RPC Avro
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Hadoop RPC HDFS MapReduce
Hadoop
Avro Avro MapReduce org.apache.avro.
mapred Avro MapReduce Java
map reduce Avro Hadoop MapReduce API /
Hadoop MapReduce API
2-11 Avro Lucene HBase ( 9
)
2-11 Avro
{
"type" : "record",
"nanme" : "TernDocunent",
"nanespace"” : "com navteq. | ucene. hbase. docunment ",
"fields" : [ {
"nane" : "docFrequency",
"type" : "int"
boA
"nanme" : "docPositions",
"type" : ["null", {
“type" : "array",
“items" : "int"
1
}]
}
( 2-12 )
Avro
2-12 Avro
inputFile = File.createTenpFile("input", "avsc");

fw=new FileWiter(inputFile);

fw write(getSpatialternDocunment Scherma());

fw close();

outputFile = new Fil e(javaLocation);

Systemout. println( outputFile.getAbsol utePath());
Speci fi cConpi |l er. conpi | eSchema(i nputFile, outputFile);

Avro 2-13 Java Avro

2-13 Avro /

private static EncoderFactory eFactory = new Encoder Factory();
private static DecoderFactory dFactory = new Decoder Factory();
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private static SpecificDatunWiter<singleField> fwiter = new
Speci fi cDat umWi t er <si ngl eFi el d>(si ngl eFi el d. cl ass);
private static SpecificDatunReader<singl eFi el d> freader = new
Speci fi cDat unReader <si ngl eFi el d>(si ngl eFi el d. cl ass);
private static SpecificDatunWiter<FieldsData> fdwiter = new
Speci ficDat umWi t er <Fi el dsDat a>( Fi el dsDat a. cl ass) ;
private static SpecificDatunReader<Fi el dsDat a> fdreader = new
Speci fi cDat unReader <Fi el dsDat a>( Fi el dsDat a. cl ass) ;
private static SpecificDatumWiter<TernDocument> twriter = new
Speci fi cDat umWi t er <Ter nDocunent >( Ter nDocunent . cl ass) ;
private static SpecificDatunReader <Ter nDocunent > treader = new
Speci fi cDat unReader <Ter nDocunent >( Ter nDocunent . cl ass) ;
private static SpecificDatumWiter<TernDocunent Frequency> dwiter = new
Speci fi cDat um i t er <Ter nDocunent Fr equency>
( Ter mDocunent Fr equency. cl ass) ;
private static SpecificDatunReader <Ter nDocunent Fr equency> dreader = new

Speci f i cDat unReader <Ter nDocunent Fr equency>
( Ter mDocunent Frequency. cl ass) ;
private AVRODat aConverter(){}

public static byte[] toBytes(singleField fData)throws Exception{

Byt eArr ayQut put St r eam out put St ream = new Byt eArrayQut put Strean() ;
Encoder encoder = eFactory. bi naryEncoder (outputStream null);
fwiter.wite(fData, encoder);

encoder. flush();

return output Stream toByteArray();

}

public static byte[] toBytes(FieldsData fData)throws Exception{

Byt eArr ayQut put St ream out put St ream = new Byt eArrayQut put Strean() ;
Encoder encoder = eFactory. bi naryEncoder (outputStream null);
fdwiter. wite(fData, encoder);

encoder. flush();

return output Stream toByteArray();

}

public static byte[] toBytes(TernDocunent td)throws Exception{

Byt eArr ayQut put St ream out put St ream = new Byt eArrayQut put Strean() ;
Encoder encoder = eFactory. bi naryEncoder (outputStream null);
twiter.wite(td, encoder);

encoder. flush();

return outputStreamtoByteArray();

}

public static byte[] toBytes(TernmDocunent Frequency tdf)throws Excepti on{
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Byt eArr ayQut put St ream out put St ream = new Byt eArrayQut put Strean() ;
Encoder encoder = eFactory. bi naryEncoder (outputStream null);
dwiter.wite(tdf, encoder);

encoder. flush();

return outputStreamtoByteArray();

}

public static singleField unmarshall Si ngl eData(byte[] inputStrean)throws
Excepti on{

Decoder decoder = dFactory. bi narybDecoder (i nputStream null);
return freader.read(null, decoder);

}

public static FieldsData unnarshal |l Fi el dDat a(byte[] inputStreamthrows
Excepti on{

Decoder decoder = dFactory. bi narybDecoder (i nputStream null);
return fdreader.read(null, decoder);

}

public static TernDocunment unmarshal | Ter mDocunent ( byt e[ ]
i nput Stream t hrows Excepti on{

Decoder decoder = dFactory. bi narybDecoder (i nputStream null);
return treader.read(null, decoder);

}

public static Ter nDocunent Fr equency unma r shal | Ter nDocunent Frequency( byt e[ ]
i nput Streamt hrows Excepti on{

Decoder decoder = dFactory. bi naryDecoder (i nputStream null);

return dreader.read(null, decoder);
}
Avro Avro
XML (XSD) XSD Avro
XSD / XSD
Avro
Hadoop HCatalog

2.5 HCatalog

HDFS HBase Hadoop
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SQL
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Hadoop
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