Day 6

Operator State
FOKeyed StatefBxY. SZEPIRSHIEFH D, AEH, FEATFSourceflSink, flaiKafkaConsumerdh
offsetfIE=IE,

e |jstState

[

&

e UnionListState
e BroadcastState

e

o SCHICheckpointedFunctioniE [
o SCHiListCheckpointediZFOEN (BER)

S

idoperatorStatesCHBufferSink

class BufferingSinkFunction
implements SinkFunction<Tuple2<String, Integer>>,
CheckpointedFunction {

private final int threshold;

// operator state
private transient ListState<Tuple2<String, Integer>> checkpointedState;

private List<Tuple2<String, Integer>> bufferedElements;

pubTlic BufferingSinkFunction(int threshold) {
this.threshold = threshold;
this.bufferedElements = new ArrayList<>();

@override
pubTlic void invoke(Tuple2<String, Integer> value, Context contex) throws
Exception {
bufferedelements.add(value);
if (bufferedelements.size() == threshold) {
for (Tuple2<String, Integer> element : bufferedElements) {
// send it to the sink

}

bufferedeElements.clear();

// CheckpointedFunction ¥ #ZIcheckpoint state
@override
pubTlic void snapshotState(FunctionSnapshotContext context) throws Exception

checkpointedstate.clear();
for (Tuple2<String, Integer> element : bufferedElements) {
checkpointedstate.add(element);
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// CheckpointedFunction Mcheckpointhni¥ii
@override
public void initializeState(FunctionInitializationContext context) throws
Exception {
ListStateDescriptor<Tuple2<String, Integer>> descriptor =
new ListStateDescriptor<>(
"buffered-elements",
TypeInformation.of(new TypeHint<Tuple2<String, Integer>>
0O {
D)

checkpointedsState =
context.getOperatorStateStore().getListState(descriptor);

if (context.isRestored()) {
for (Tuple2<String, Integer> element : checkpointedstate.get()) {
bufferedelements.add(element);

Broadcast State

FREDSHN (FaNESEMNERSM) « BEFETE. BN BISiEEHERR.

KeyedStream<Action, Long> actionsByUser = actions
.keyBy((KeySelector<Action, Long>) action -> action.userId);

MapStateDescriptor<void, Pattern> bcStateDescriptor =
new MapStateDescriptor<>("patterns", Types.VvOIlD,
Types.P0JO(Pattern.class));

BroadcastStream<Pattern> bcedPatterns =
patterns.broadcast(bcStateDescriptor);

DataStream<Tuple2<Long, Pattern>> matches = actionsByUser
.connect(bcedPatterns) // H /47 NiAEVERMIF i connect
.process(new PatterntEvaluator());

pubTlic static class PatternEvaluator
extends KeyedBroadcastProcessFunction<Long, Action, Pattern,
Tuple2<Long, Pattern>> {

// handle for keyed state (per user)
vValueState<String> prevActionState;

// broadcast state descriptor
MapStateDescriptor<void, Pattern> patternDesc;

@override
public void open(Configuration conf) {
// initialize keyed state
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prevActionState = getRuntimeContext().getState(
new ValueStateDescriptor<>("lastAction", Types.STRING));
patternDesc =
new MapStateDescriptor<>("patterns", Types.VvOID,
Types.P0JO(Pattern.class));
3

* called for each user action.
* Evaluates the current pattern against the previous and
* current action of the user.
*/
@override
public void processElement(
Action action,
ReadonlyContext ctx,
Collector<Tuple2<Long, Pattern>> out) throws Exception {
// get current pattern from broadcast state
Pattern pattern = ctx
.getBroadcastState(this.patternDesc)
// access MapState with null as VOID default value
.get(null);
// get previous action of current user from keyed state
String prevAction = prevActionState.value();
if (pattern != null && prevAction != null) {
// user had an action before, check if pattern matches
if (pattern.firstAction.equals(prevAction) &&
pattern.secondAction.equals(action.action)) {
// MATCH
out.collect(new Tuple2<>(ctx.getCurrentkey(), pattern));

}

// update keyed state and remember action for next pattern
evaluation

prevActionState.update(action.action);

}
ik
FUS RN H it
* called for each new pattern.
“ Ooverwrites the current pattern with the new pattern.
*/
@override

public void processBroadcastElement(

Pattern pattern,

context ctx,

Collector<Tuple2<Long, Pattern>> out) throws Exception {
// store the new pattern by updating the broadcast state
BroadcastState<Vvoid, Pattern> bcState =

ctx.getBroadcastState(patternDesc);

// storing in MapState with null as VvOID default value
bcstate.put(null, pattern);

FE:



1. I #Ei#mMi(processBroadcastElement)AT L& broadcast state, #WEHRMI (processElement)
HBkisEbroadcast state,
2. BHibroadcast state RZHFEERFTF,

&ie

RETEERE, BIWER (checkpoint) FEFHIIERSFRESIHRT.

BT R RIERRTTIAST.

SCHAtleastOnceflExactlyOnce S,

JMefhcheckpoint coordinatorfifi& sourceT sataskfdcheckpointalfE, sourceTmE s 1%
barrier, taskTSHEBRDESIGHMHERAIHELL (state handle) 1EX045checkpoint coordinator,
JMBJcheckpoint coordinatorfigcheckpoint;oEiEF AL

barrier (###=) #datastreamzEi#iTcheckpoint, EFZES#H Talign (XI3F) #B(F, SHBAK
taskf9—EFEZE, Unaligned Checkpoint (>1.11) #(T1t.

StreamExecutionEnvironment enableCheckpointing(long interval,CheckpointingMode
mode)

/ /3BT i nk s 4T 0 s
StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment() ;

// &RE1000 msiEATEsh— MG s (¥ E checkpoint ]
env.enableCheckpointing(1000);

// I

// EE#A Nexactly-once GXZEIAME)

env.getCheckpointConfig().setCheckpointingMode(CheckpointingMode.EXACTLY_ONCE);

// HRAEE S 2 (A 20500 msialkE [checkpointim/Malfg]

env.getCheckpointConfig() .setMinPauseBetweenCheckpoints(500);

[/ TR RAHE e N e, BE RS [checkpoi nt (BN N [R] ]

env.getcCheckpointConfig().setCheckpointTimeout(60000) ;

// [Rl—BF ] R VAT — AN A A

env.getCheckpointConfig() .setMaxConcurrentCheckpoints(l);

// FTar—BHFfTinkb 22 Fhicancel )5, &frECheckpoint®din, PAEHYE SRR ZK S 2
EfiCheckpoint

//ExternalizedcCheckpointCleanup.RETAIN_ON_CANCELLATION: &/~ —HF1inkibH#fE
Frifcancel)q, &fR¥Echeckpoint¥dis, LIMEMRYESER T ZKE 248 & iICheckpoint

//ExternalizedCheckpointCleanup.DELETE_ON_CANCELLATION: 3K/~x—HF1inkib#fE
F#icancels, &MikrCheckpoint#idhi, A job AT KK KR 54 247 checkpoint

env.getcCheckpointConfig().enableExternalizedCheckpoints(CheckpointConfig.Exter

nalizedCheckpointCleanup.RETAIN_ON_CANCELLATION);

// % Hstatebackend

env.setStateBackend(new FsStateBackend("file://" +
System.getProperty("user.dir") + "/WorkSpace/checkpoints™));
// env.setStateBackend(new
FsStateBackend("hdfs://node02:8020/com.elephent.f1ink/checkpoints"));
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Savepoint

BiRcheckpoint, ASTFHEER (FRER) . checkpointBinEREFREFRFERESLUIRE,
savepoint2 AEHNAEFRT 1T, checkpointftflink runtime B &SBIEFfRA, savepointZFFFE)
A&, checkpointSTHHEETH, KIRE, Savepoint&IKAFAKL, EWFALUIA M Savepointehik

=

o

bin/f1link savepoint :jobId [:targetDirectory]
bin/flink cancle -s [:targetDirectory] :jobId # cancel jobHfsavepoint
bin/flink run -s :savepointPath [:runArgs] # MsavepointH k&

Eflink-conf.yamIigsE:

state.savepoints.dir: hdfs:///flink/savepoints
BEFEIEEEFuId, FEEMBHIKIEFHsavepoint, SLHETFREA.

val stream=env

.addsource(new Statefulsource())
.uid("sourceid")

.shuffle()

.map(new StatefulMapper())
.uid("mapperid™)

.print(Q

StateBackend

r

CheckpointBBSA XS, 1§ (Checkpoint BB AX D, 1 |
N EEMARSmaster XHEESRsmaster

LS
S 7 -

L‘,heckpointﬁ[ﬂlﬁﬁlﬁlﬂ )
masterfm

state-backend 3% MemoryStateBackend | FsStateBackend RocksDBStateBackend

Operator state-backend
by-—H

Keyed state-backend
by ;/

|
BEFREATS | BB 7 M EERoCks DB

93 /3MemoryStateBackend (jobmanager)/FsStateBackend (filesystem)/RocksDBStateBackend
(rocksdb) (K-V) .

JVM Heap -> FileSystem

RocksDB -> FileSystem7E{#iFarocksdb{EgbackendfIftix, EEEIEFIIAN
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<dependency>
<groupId>org.apache.flink</groupId>
<artifactId>flink-statebackend-rocksdb_2.11</artifactIid>
<version>${flink.version}</version>

</dependency>

1Eflink-conf.yamI#EZE state.backend.incremental: true SCIrocksdbANIEEGE MIRTF,

env.setStateBackend(new
RocksDBStateBackend("file://...").configure(conf,classLoader))

State Schema Evolution

IRASZEHIFHER,

POJO typeZERE, Flink Sz B A0 EIE,

Avro types Flinkse &3S EETURRNEYE,  Kryo RSzissstist,
Hftt: FFRECENFIIA.

valueStateDescriptor<MyStateType> desc=
new ValueStateDescriptor<MyStateType>(
"mystatetype",
new Serializervl()

State serialization 939 in heap-basedfoff-heap@ft&Ez{,, rockdbsZoff-heapt&Ez,

Querable State

ATEIRIAT.

AEEEHLSNIVIMNEFENR, BEiE@drpcEitaskmanagerikBistateFitEiR. (BfinkRFIEREL
EEEER. )
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Queryable State Demo
Flink -

Manager
™~ i N
|
|
| Source FlatMap
| —
Ir/ ____________________________________ gluery
ient
i Source FlatMap
! 1ABC: 2
| N @
\

= Fault tolerant local state

flink-conf.yaml
querable-state.enable: true
#h0flink querablesziF

cp ${FLINK_HOME}/opt/flink-qurable-state-runtime_2.11-1.11.0.jar
${FLINK_HOME}/T1ib/

BEiEflink&ER, TMEE:

) Started Queryable State Server @ /x.x.x.x:9067
> Started Queryable State Proxy @ /x.x.x.x:9096

M AAAASHh KeyedStream -> QueryableStream.

RZHEIRE

SFelgigsk: windowsZ2Edocker

#Powershell

EnabTle-windowsOptionalFeature -Online -FeatureName Microsoft-windows-Subsystem-
Linux

EnabTe-windowsOptionalFeature -Online -FeatureName VirtualMachinePlatform
ws1l --set-default-version 2

# Wit 3Eubuntu

# https://docs.microsoft.com/en-us/windows/ws1/install-manual#downloading-
distributions

# Ws1RegisterDistribution failed with error: 0x800701bc

# FHEHwsT2 Tinux L4
https://wslstorestorage.blob.core.windows.net/ws1blob/ws1_update_x64.msi

# Ws1RegisterDistribution failed with error: 0x80370102

# REHBEIL, HEABIOSIKE

# ARCFFRAES 6 B A A LT RE , L AUEE R IR B &

#
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https://www.cnblogs.com/yunfeifei/p/13158845.html

sudo apt-get install apt-transport-https ca-certificates curl gnupg2 software-
properties-common

# {E/f Docker [ GPG AHH:
#curl -fsSL https://download.docker.com/Tinux/ubuntu/gpg | sudo apt-key add -

cp /etc/apt/sources.list /etc/apt/sources.list.bak

echo "deb http://mirrors.aliyun.com/ubuntu/ focal main restricted
deb http://mirrors.aliyun.com/ubuntu/ focal-updates main restricted
deb http://mirrors.aliyun.com/ubuntu/ focal universe

deb http://mirrors.aliyun.com/ubuntu/ focal-updates universe

deb http://mirrors.aliyun.com/ubuntu/ focal multiverse

deb http://mirrors.aliyun.com/ubuntu/ focal-updates multiverse

deb http://mirrors.aliyun.com/ubuntu/ focal-backports main restricted universe
multiverse

deb http://mirrors.aliyun.com/ubuntu/ focal-security main restricted
deb http://mirrors.aliyun.com/ubuntu/ focal-security universe

deb http://mirrors.aliyun.com/ubuntu/ focal-security
multiverse'">/etc/apt/sources.list

apt update && apt upgrade -y

$ curl -fsSL https://get.docker.com -o get-docker.sh

$ sudo sh get-docker.sh

$ sudo service docker start

# “¥docker-compose

curl -L https://get.daocloud.io/docker/compose/releases/download/1.12.0/docker-
compose- uname -s - uname -m > /usr/local/bin/docker-compose

chmod +x /usr/local/bin/docker-compose

docker-compose version

docker images

docker search nginx

#i R RINR J73%:, i847dockerfihellowor1d, #rdtnT:

docker run hello-world
#1X BAEH T nginx B84 30047 7T, 2R

docker pull nginx
docker run --name nginx -p 8080:80 -d nginx

docker-composefJECE

version: '2' # docker (M4
services: # MEMARYIE
CONTAINER_NAME: # Z588(f4HK

image: BASE_IMAGE # X /—/N7EefFtnltif%



ports: # VRIVZH e AT 2L 1L

- "host_port:container_port"

volumes: # HiE&ILE

- host_dir:container_dir

environment: # MEiAE (map MIECE 7 key: value)
PARAM: VALUE

environments: # MEAEHAMNEETX - key=value)
- PARAM=VALUE

restart: always # 785110 )5 5

dns: # dns HJlCE

- 8.8.8.8

cb() never called!

1. &Pk

npm cache clean -f

npm install -g n --force
npm stable

npm install
2. Mpzpackage-Tock.jsonfized (&M

3. HE UM E M BRIR G T2

—. Zdcnpm

npm install -g cnpm --registry=https://registry.npm.taobao.org
~. cnpm install

=. cnpm startizfT

A5 F cnpmZ2 2 AR 2 SO 2 AnpmAE ZZ AR K, AN I IE— BRI S A2 E RIS, ANnEEes

FEWSLFRGPRE



# ‘%Hinodejs

curl -fsSL https://deb.nodesource.com/setup_16.x | sudo -E bash -
sudo apt install -y nodejs

node -v

npm cache clear --force

npm install -g npm@latest

npm install -g cnpm --registry=https://registry.npm.taobao.org
cnpm install

# windows shell
cd D:\coding\github\geektime-Flink-master\project-2-fraud-detection\webapp
npm run server

Day 7

Flink Table/SQL API 2EESMAJAPI

1 SELECT
Layered abStraCtlonS to TUMBLE_START(rowTime, INTERVAL '"1' HOUR) AS t,

navigate simple to complex use cases COUNT() AS cnt
FROM Rides

WHERE isStart GROUP BY TUMBLE(rowTime, INTERVAL '1' HOUR)

High-level
Analytics API SQL / Table API (dynamic tables)

val stats = stream
o .keyBy("sensor")
DataStream API (streams, windows) L timeWindow(Time. seconds(5))

.sum((a, b) -» a.add(b))

Stream- & Batch
Data Processing

L ETG TN [SlProcess Function (events, state, time)
Driven Applications

def processElement(event: MyEvent, ctx: Context, out: Collector[Result]) = {
I/ work with event and state
(event, state.value) match { - }

out.collect(.) // emit events
state.update(.) // modify state

// schedule a timer callback
timerservice,registerEventTingTiner (event . timestamp + 580)
}

AEIgREE (ZE: Declarative programming) 2—fRiEEl, SnSHImEENIIL,
STl —R, SQLERYSZHFDataSetf1DataStream,
N FAER

&= //"Eﬁij
Continuous ETL & Data Import gg)w Ropend”, (T (Pl

BEETL SRS ~ @,

Live Dashboards & Reports
LRIBIRE

Ad-hoc Analytics & Exploration
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S
FlinkspZER Mt LlES(Planner) (—NESRRY, —Blink&ERGFHRRY) .
Blink Planner£i§Tableltt{EllthiEiapDataStream,

(LK

TabTleEnvironment tableEnv=...;
tebleEnv.connet(...).createTemporaryTable("tablel™);
tebleEnv.connet(...).createTemporaryTable("table2");

// iBidTable APIfIEFE

Table tablResult=tableEnv.from("tablel").select(...);

// #iTsQL APIZEfIfIEER

Table sqlReult=tableEnv.sqlQuery("SELECT... FROM tablel...");
Table tableResult=tapiResult.executeInsert("outputTable");

// Table APIZ %
Table orders=tableEnv.from("tablel™);
Table revenue=orders.filter($("country™).isequal("FRANCE")) .groupBy($("'name"))
.select($("name"),$("revenue™).sum() .as("revsum"));
// @RHHE csv
final Schema schema=new Schema().field("a",DataTypes.INT());
// FEcsviEMk—ik#E
tableEnv.connect(new FileSystem().path(""))
.withFormat(new Csv()
.fieldpelimiter(',")
.deriveschema()
.withschema(schema)
.createTemporaryTable("csvSinkTable™"));
revenue.executeInsert('csvSinkTable");

tableEnv.execute("jobl");
TableEnvironment:

// TENEBcatalogtitfittable

// ENESMER I catalog

// AT (Elanin#f1ink/b1ink planner)
// PATSQLE

// EMEE X EH (scalar/table/aggregation)
// ¥DataStream. DataSet##ikTable

// AEER AR T
EnvironmentSettings fsSettings=

EnvironmentSettings.newInstance() .use0ldPlanner().InStreamingMode() .build(Q);
StreamExecutionEnvironment
env=StreamexecutionEnvironment.getExecutionEnvironment();
StreamTableEnvironment fsTableEnv=StreamTableEnvironment.create(env,fsSettings);
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DataSet/DataStream <=> Table

val table=tableEnv.frombataStream(stream) // “4ERiL%] f0O,f1. ..
val table=tableEnv.frombataStream(stream,$("'fieldl"),$("field2"))

// MR E
tableEnv.createTemporaryVview("mytable",stream)

// Table #; DataStream

// 1. Append Mode X %4#h#&TablefGEid INSERTH B, 7 A LU FH %45 5%
// 2. Retract Mode. fffibool{EXfinsert/deletetflEIEHEHITHRC
val dsRow=tableEnv.toAppendStream(table,Row.class)

// Tuple2<Bool,Row> bool=true insert. false delete

val retractStream=tableEnv.toRetractStream(table,Row.class)

// FEWUE. TR A BT A AR
val table=tableEnv.frombataStream(stream,$("'fieldl"),$("field2"))
val table=tableEnv.frombataStream(stream,$"_2".as("fieldl"),$"_1".as("field2"))

Table Connector

4> HTableSourcefdTableSink

tableEnv

.connect(...) // #E#HH Wikafka

.withFormat(...) // i lnjson

.withschema(...) // ®£&4iH)

.inAppendMode(...) // update mode
.createTemporaryTable("table") // registry table

Flink SQL ClientZEFiw ] LABIdyamIS 4B E1ean EA—LLRFN -

tables:
- name: UserTable
type: source
connector:
type: kafka
version: "0.10"
topic: user
stratup-mode: earliest-offset
properties:
bootstrap.servers: Tocalhost:9092
format:
type: json
schema:
- name: rowtime
data-type: TIMESTAMP(3)
rowtime:
timestamps:
type: from-field
from: ts
watermarks:
type: periodic-bounded
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delay: "60000"
- name: user
data-type: BIGINT
- name: message
data-type: STRING

BEikEESR
Name Version Source Sink
Filesystem Bounded and Streaming Sink,
Unbounded Scan, Batch Sink
@ Lookup
Elasticsearch 6.X & 7.X Not supported Streaming Sink,
Batch Sink
Apache Kafka 0.10+ Unbounded Scan Streaming Sink,
Batch Sink
IDBC Bounded Scan, Lookup Streaming Sink,
Batch Sink
Apache HBase 1.4.x Bounded Scan, Lookup Streaming Sink,

SREIR

Batch Sink

RNEIRE L Table GEEISH, BIMSRESEN—NELER, BIANEMEERE.
YIEIRE(Materialized Views) £EFEITNSER, [HLEEFYE, SEIEELEFONE],

HEOWIndowsHISQLE ., Ei@regularEif), ZEEIAARESEL

o BRAELIRIEK, PEN State Clean-Up timeout
o ERBMAMAEEITE.

iEimeeE:

1. Append-Only
2. Retractifii (update <> delete + insert)
3. Upsertifit (upsert + delete)

Day 8
AITEIE X

// FEPRE rh A A A MR A S T b (]

env.setStreamTimeCharacteristic(TimeCharacteristic.ProcessingTime); // default

Processing Time
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1. DDLARETE X ProcessingTime

CREATE TABLE user_actions (

user_name STRING,

data STRING,

user_action_time AS PROCTIME() -- 758 ANEiaR I FIAE Ay b R (] 1
) WITH (

DE
2. DataStream#ETableldf2hiErE

Table table = tEnv.frombataStream(stream, $("user_name"), $("data"),
$("user_action_time") .proctime());

windowedTable windowedTable = table.window(

Tumble.over(1it(10) .minutes())

.on($("user_action_time"))

.as("userActionwindow"));

3. BN TableSourceRtiExE

public class X implements StreamTableSource<Row>,DefinedProctimeAttribute {
@override
public String getProctimeAttribute() {
[/ EANBFF R E IR
return "user_action_time";

}

EventTime

1. DDLHENX.

CREATE TABLE user_actions (
user_action_time TIMESTAMP(3),
-- #U] user_action_time EHMNAEM:, JFHA B 5 FIMERA K watermark
WATERMARK FOR user_action_time AS user_action_time - INTERVAL '5' SECOND
) WITH (

Dk

2. DataStreami&Tableldf2HiEE

// fEdatastream$ifgE
inputStream.assignTimestampsAndwatermarks(...)

3. TablesourceigN.



public class X implements StreamTableSource<Row>,DefinedRowtimeAttributes {
@override
public List<RowtimeAttributeDescriptor> getRowtimeAttributeDescriptors()

RowtimeAttributeDescriptor rowtimeAttrDescr = new
RowtimeAttributeDescriptor(

"user_action_time",

new ExistingField("user_action_time"),

new AscendingTimestamps());

List<RowtimeAttributeDescriptor> TistRowtimeAttrDescr =
Collections.singletonList(rowtimeAttrbescr);

return 1istRowtimeAttrDescr;

3

BEFHEFRMANES
Temporal Operators
B J9Append-only, HiHtEEAppend-only, EiFHSEIEXREKIEEFIET:

e group by window

SELECT user,

TUMBLE_END(cTime, INTERVAL 'l' HOURS) AS endT,
COUNT(url1) AS cnt

FROM cTicks

GROUP BY TUMBLE(cTime, INTERVAL 'l' HOURS), user
-- HOPEZIE 1 SESSIONZ:ifi [

e over window
BB rEZR (F) BA%IT.
BEIESSEMABEOITE.

SELECT

user,

urt,

COUNT(*) OVER w

FROM cTlicks

WINDOW w AS (

PARTITION BY url

ORDER BY cTime

RANGE BETWEEN INTERVAL ’2’ HOUR PRECEDING AND
CURRENT ROW)

e time-windowed join
e Join with a temporal table

e pattern matching


af://n163

Interval JoinXEXEIH):
wmE2O— M EEER(equi-join)FIPRHIRSEAYjoing 4

*

select FROM Orders o,Shipments s
where o.id = s.orderId

and o.ordertime Between s.Shiptime-INTERVAL '4' HOUR AND s.shiptime

JoinZREREL (UDTF User Defined Table Function) .e.g.

SELECT users, tag FROM Orders, LATERAL TABLE(unnest_udtf(tags)) AS t(tag)

FORSZSFRAIKEL* (Temporal Tables) , FERBFHRXKEL

SELECT o.amout,

o.currency,

r.rate,

o.amount * r.rate

FROM Orders AS o JOIN LatestRates

FOR SYSTEM_TIME AS OF o.proctime AS r ON r.currency = o.currency

RISREEIKER

join with temporal table function.

RSRARENNERIRBEIE. e.g &HNCERTA,

// ICEEIER . ifprocessing time

val ratesHistory = tEnv.frombataStream(ratesHistoryStream,$("r_currency"),
$("r_rate"), $("r_proctime").proctime());
tEnv.createTemporaryView("RatesHistory", ratesHistory);

// BRI AR R AL

// f&%E "r_proctime" NEFIEJEM:, #EE "r_currency" AF:fg

val rates = ratesHistory.createTemporalTableFunction("r_proctime","r_currency");
/] <==== (1)

tEnv.registerFunction("Rates", rates);

RISRKEA

FRTHSRRY, TSRS

SELECT * FROM LatestRates FOR SYSTEM_TIME AS OF TIME ‘11:50°';

\
&
S

JEsLILookupableTableSourcetz, {N3z#FBlinkPlanner, {X3Z3FSQL. A3z#FEventTime (B
_‘-ij o

i)
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Catalog

Flink TabledTTEIREA0ETR, IGATEI(UDPEEEAML (Hive Metastore) 4.

Catalog

DataBase
Table (View)

Partition

FERRER:

e GenericlnMemoryCatalog
e JdbcCatalog (PostgreSQL)
e HiveCatalog

e Custom Catalog

fEFlink SQLERARREIE :

E
o
Table AP % | SQLAPI |
=
ot
L4 — —-‘Lﬂﬁ?ﬂﬁu
1 R
Table AP! Validator [+—— )
Calcite Logical Plan
. ¥
[DmnSachlau »|  Calcite Optimizer DataStream Rules
t"/ -—\\‘

2

TabTleEnvironment tableEnv = ...

// Create a HiveCatalog

Catalog catalog = new HiveCatalog('"myhive", null, "<path_of_hive_conf>");
// Register the catalog

tableEnv.registercatalog("myhive", catalog);

// Use the caltalog

tableEnv.usecCatalog("myCatalog");

// Create a catalog database

tableEnv.executeSql ("CREATE DATABASE mydb WITH (...)");

Efieie: Cl@MigDatabase, Table, Function. View. PartitionZ, F@EN{FH, —#BYDDLE
EHR(E.
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ApachHivefEpRg

1. FJFBHive Metastore}FA ¢ Catalog
2. EEAEEHivesR

EEERB: flink-sql-connector-hive-1.2.2 jar. (flink-connetor-hive_2.11-1.11.2.jar + hive-exec-
2.3.4.jar)

Is_GenericX4%Hive CatalogINBER Hive-compatible (BJiEEHive#{iE) if2 Generic ({NIFMETTEN
;E) -]

Flink sQL> set table.sql-dialect=hive; // default

HiveStreaming (S{UEUEMIES
EEEN (SGER) . sg@idTemporal TableiEEELE,

o Write

SET table.sql-dialect=hive;

CREATE TABLE hive_table (

user_id STRING,

order_amount DOUBLE

) PARTITIONED BY (dt STRING, hr STRING)

STORED AS parquet TBLPROPERTIES (
"partition.time-extractor.timestamp-pattern'='$dt $hr:00:00',
'sink.partition-commit.trigger'="partition-time',
'sink.partition-commit.delay'="'1 h',
'sink.partition-commit.policy.kind'="metastore,success-file’

DE

-- fjgkafka®

SET table.sql-dialect=default;

CREATE TABLE kafka_table (

user_id STRING,

order_amount DOUBLE,

log_ts TIMESTAMP(3),

WATERMARK FOR log_ts AS log_ts - INTERVAL '5'
SECOND

) WITH (...);

-- 5A

-- streaming sql, insert into hive table

INSERT INTO TABLE hive_table SELECT user_id, order_amount,
DATE_FORMAT(log_ts, 'yyyy-Mm-dd'),

DATE_FORMAT(log_ts, 'HH') FROM kafka_table;

-- batch sql

SELECT * FROM hive_table WHERE dt='2020-05-20' and hr='12";

e Read
o Partition Table
RS R

o Non-Partition Table
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I X SAAIERAY
e Hive Table fEARIEER

SQL Client
Event Log l
y
SQL Client Database /
SELECT | HDFS
Ot url) AS ent Submit Query Catalog
FROM clicks _ =y
GROUP BY user )
Optimizer Submit Job
Changelog .
or Table Result Server Results
Results

Gateway

AR

o FIEEN (DFER)
o TEHAETEL
e Tableaut®x, (EUEFHEUREFIFRRETR)

ALAEEENEHENEK. NE. REL. Catalog (FEHLEN) .

sql-client-default.yaml

execution:
planner: blink # wi&: 'blink' (B = 'old’

type: streaming # Whik: PATEACH 'batch' B 'streaming’

result-mode: table # i%: 'table' #t 'changelog’

max-table-result-rows: 1000000 # n[ik: 'table' A0 FAlZ4Ed 1 AT CEBRIAHN
1000000, /M 1 WMIERISTCRRD

time-characteristic: event-time # mJik:
iN) parallelism: 1 # wlik: Flink K3F

T8 BRI D
periodic-watermarks-interval: 200 # wik: FIHIME watermarks [@EFFEA CERIL 200

'processing-time' ¢ 'event-time' (R

ms)
max-parallelism: 16 # mi%&: Flink MIEKIHFATEHE (BRIA 128)
min-idle-state-retention: 0 # nm[dk: TR H0 N2 ARSI A
max-idle-state-retention: 0 # nlif: FRLFF IR A D LRI H]
current-catalog: catalog_l # Wik: MHi<iE catalog M4 (BRilA
'default_catalog’)
current-database: mydbl # nik: X4§7 catalog MIMEIHIEEL # (EBRIANARET

catalog MIERIAEWEZ)
restart-strategy: # nlik: FEJEHNE (restart-strategy)

type: fallback # ERENL T[R4 )5 58 fH 5K HE
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DataType
fER: EBXZIEXEE (JVM java/scala, python) | Z&PlannerGIE¥IIEIEENERER.

YiEfdre.g.

// EVFIBATI ANEE P AR BV T A I R B T A A FH R A B 2 2 e A i
DataType t = DataTypes.ARRAY(DataTypes.INT().notNul1()).bridgedTo(int[].class);

Blink Plannerdif&k 7 sc#5FlinkAY£EB2EEY (Typelnformation) , JCHEHE:
Time/TimeStamp/INTERVAL/ARRAY/MULTISET.

k=g Sith
EiiEseE saL Table APl (Java)
ARRAY ARRAY<t> t ARRAY DataTypes.ARRAY(t)
Map MAP<kt, vt> DataTypes.MAP(kt, vt)
Row ROW<n01t0,n1t1,..> DataTypes.ROW(DataTypes.FIELD(nO, t0),
ROW<n0t0'd0", n1t1'd1’, ...> DataTypes.FIELD(n1, t1), ...)
ROW(n0 t0, n1t1,...>
ROW(n0 t0'd0', n1t1'd1’, ...)
HOEEERER
BEMEERE:

case class User(

// extract fields automatically
age: Int,
name: String,

// enrich the extraction with precision information
@pataTypeHint("DECIMAL(10, 2)") totalBalance: java.math.BigDecimal,

// enrich the extraction with forcing using a RAW type
@pataTypeHint("RAW") modelClass: Class[_]

DataTypes.of(classof[User])

Day 9
BRENSREY

o ZRFRE+CatalogRE
o |ImAYEREFNFIFAIEREL

FEiAER catalog.mydb.myfunc(); #EMEVER myfunc(); I=#EERBRAIIRR: Gt RFRE->RRRE-> G
FfCatalogE#yl (ZRI<1E) ->CatalogBRE.

e Scalar ¥, —X—#iH
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https://nightlies.apache.org/flink/flink-docs-release-1.14/docs/dev/table/types/
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e Aggregtaion
e Column FIER{FRI—LEREL

RACENENRE, SWEM: https://nightlies.apache.org/flink/flink-docs-release-1.14/docs/de
v/table/functions/systemfunctions/

BRBEEXERE

e Scalar Function 540 hash(str)

e Table Function g0 split(str)

e Aggregation Function ffl#max(price)

¢ Table Aggregation Function 5§ Top2Accum()
e Async Function {40 lookup

e.g. scalar

// define function Togic
class SubstringFunction extends ScalarFunction {
def eval(s: String, begin: Integer, end: Integer): String = {
s.substring(begin, end)

3

val env = TableEnvironment.create(...)

//1 call function "inline" without registration in Table API
env.from("mMyTable").select(call(classof[SubstringFunction], $"myField", 5, 12))

// register function
env.createTemporarySystemFunction("SubstringFunction",
classof[SubstringFunction])

//2 call registered function in Table API
env.from("MyTable").select(call("SubstringFunction", $"myField", 5, 12))

//3 call registered function in sSQL
env.sqlqQuery("SELECT SubstringFunction(myField, 5, 12) FROM MyTable')

e.g BEMREFEL

import org.apache.flink.configuration.Configuration
import org.apache.flink.table.api._
import org.apache.flink.table.functions.AggregateFunction

import java.lang

class main {
val env=TableEnvironment.create(new Configuration());
env.from("MyTable™)
.groupBy ($"field")
.select($"field",call(classof[weightedAvg],$"value",$"weight"))


https://nightlies.apache.org/flink/flink-docs-release-1.14/docs/dev/table/functions/systemfunctions/
af://n292

case class weightedAvgAccumulator(
var sum:Long=0,
var count:Int=0

)

class weightedAvg extends
AggregateFunction[java.lang.Long,weightedAvgAccumulator]{
override def getvalue(acc: weightedAvgAccumulator): Tang.Long = {
return acc.sum/acc.count

override def createAccumulator(): weightedAvgAccumulator = {
weightedAvgAccumulator()

}

def accumulate(acc: weightedAvgAccumulator, ivalue: java.lang.Long, iweight:
java.lang.Integer): Unit = {
acc.sum += ivalue * iweight
acc.count += iweight

def retract(acc: weightedAvgAccumulator, ivalue: java.lang.Long, iweight:
java.lang.Integer): Unit = {
acc.sum -= ivalue * iweight
acc.count -= iweight

def merge(acc: weightedAvgAccumulator, it:
java.lang.Iterable[weightedAvgAccumulator]): Unit = {
val iter = it.iterator()
while (iter.hasNext) {
val a = iter.next()
acc.count += a.count
acc.sum += a.sum

def resetAccumulator(acc: wWeightedAvgAccumulator): Unit = {
acc.count = 0
acc.sum = OL

Connector

BaiTableApiSZiFAOEREES

https://nightlies.apache.org/flink/flink-docs-release-1.14/docs/connectors/table/overview/

FileSystem, ES, Kafka. JDBC, HBase,
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https://nightlies.apache.org/flink/flink-docs-release-1.14/docs/connectors/table/overview/

Version Source

Filesystem Bounded and Unbounded Scan, Streaming Sink, Batch Sink
Lookup
Elasticsearch B.x & 7.x Not supported Streaming Sink, Batch Sink
Apache Kafka 0.10+ Unbounded Scan Streaming Sink, Batch Sink
IDBC Bounded Scan, Lookup Streaming Sink, Batch Sink
Apache HBase 1.4.x Bounded Scan, Lookup Streaming Sink, Batch Sink
DDLA{ERZR S Connector:
CREATE TABLE MyUserTable (
-— B RESH
‘user  BIGINT,
‘message’ STRING,
“rowtime  TIMESTAMP(3) METADATA FROM 'timestamp', -- METADATAJE X
‘proctime” AS PROCTIME(Q), -- proctime AbHEf[E]
WATERMARK FOR “rowtime  AS "rowtime - INTERVAL '5' SECOND -- JEUKEN
) WITH (
-- declare the external system to connect to
'connector' = 'kafka',
"topic' = 'topic_name',
'scan.startup.mode' = 'earliest-offset',
'properties.bootstrap.servers' = 'localhost:9092"',
'format' = 'json' -- declare a format for this system
)

BiENXTable Connector

Flink TableAPIFrj@id DescriptorkENX, L TableFactoryiE,

Descriptor
I

CustomConnactorDescriptor CustomFormatDescriptor GenericinMemoryCatalogDescriptor Connect TableDescriptor | ‘CoreModuleDescriptor
Kafka Jzon HiveCatalogDescriptor BatchTablsDescriptor | HiveModuleDescriptor
Elasticsearch cav StreamTablaDescriptor

FilaSystam Ao CatalogTableBuilder

HBase

TableFactory

ModuleFactory TableSinkFactory TableSourceFactory TableFormatFactory
flifModule il TableSink il TableSouroe Al TableFarmat
I I I I

BENXAIConnectori@idjava SPI (service provider interface) $AFAMEIConnector Descriptord,
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SEIIXS AT TableSource/TableSinkiE, FBEEREIXIRAITableFactorsh, AT @iddescriptorsLHIx
BEHIET (connector-types)

~ ScanTableSource extends DynamicTableSource

- [~ DymamicTablesource
LookupTableSource extends DynamicTableSource

DynamicTableSink

Rowbata
[~ Factory

ArmrayData —
|~ DynamicTableFactory extends Factory

MapData
_V e '
StringData

= y extoncs v
Deeimalbeta New TableSource & TableSink API L FormatFactory axtos Factory
TimestampData —| From 111

RawValueData SupportsComputedGolumnPushDown
GanericRowData implemants RowData SupportsFitarPushDown
GanericArrayData Implamants ArrayData - SupportsProjectionPushDown

T Opora artce thatd rber ttes
R

SupportsPartitionPushDown
SupportsPartitioning

= SupportsDvenwriting

CREATE TABLE User (name STRING, age INT)
WITH {
M Eta d a ta 'connector’ = ‘custom’, > Catal DgTa b IE
‘port’ = '5022"
J . Catalog
el e
DynamicTableSourceFactory DynamicTableSinkFactory
R A 4 A 4
Planning
DynamicTableSource <----—+ DynamicTableSink
ScanTableSource LookupTableSource
A J Y
Runtime ScanRuntimeProvider LookupRuntimeProvider SinkRuntimeProvider
Flink RuntimeZ&{A %244
ication Mast ) (Worke )
[IP—— JobManager '
P JobGraph [TukManlgef\
[Bose] A i 0200 ot
v Al
R e ot Taic !
ComplertOpimicn] i~ P Dpakcher oo cnsinas M <
H Y StateBackend StateBackend
' ResourceManager n""":'] [""’)
o »
R __J A S—
' H J ' H /
) _ A o SR NRR 7 illAppication Masier 7 @iAppicaion Master
4 s :

(oo ) (e ) (o= ) (= )
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Flink Program

Program — k istics |
Datafiow / ‘/'mm“
I Y - “ "a
Optimizer / Client md,t:s Statistics & \ i [/ Checkpoints
Graph Builder ... results i /

/ Deploy/Stop/
; Cancel Tasks

S > Ewl | N
Dataflow graph .

Submit Job

(Master / YARN Application Master)

Flink Client

FEIEA: 178, 1EEJobGraph; {E5EE (1232, BUH. savepoint, JobStatus Tack) . &5B¥f
HIE (B, =LLEE)

FEBH: ContextEnvironment(#H4T7ER1E). PipelineExecutor (pipelinefl1T88) .
ClusterDescriptor (GIEEEEE) .

[ ] [ ]
Session Cluster
Dispatcher
ClusterClientFactory ﬂl&ﬁﬁﬁ—l
SII’I
| YarnClusterDescriptor ~ ——&lif———» ‘YamnClusterClient
Actor ’—> ClusterClientServiceLoader
/inffink run application.jar
mi ERiAE
. | Thread.curentThread() setContextClassLoader(;
CliFrontend ! userCodeClassLoader
PackagedProgram | ]
E : PipelineExecutor
iz jarFile mainClass i 'onment i
String[] args classPaths \nvake;main execute() E i
udfJ intSetti ' :
= e i e T ******************** g PipelineExecutorFactory

i A
StreamCi Tt Si’l

ContextEnvironmentFactory

» ContextEnvironment DefaultExecutorServiceLoader

Resource Manager

WERREHE:
ResourceManager: &8, HiE. BRER

Taskmanager: Eifslot, NFE/CPUETER
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Cluster Management

(Standalone , Yarn, Mesos,

2. allocated |[Resource

K8s)

4 [StartContainer

ResourceManager / TaskMpnager \
SlotManager 5.register
T™M-1
00000 6. request slot—> . .

1. request lots

JObManagBr .l-!e_a_r!t.).e-a_t -’ . .
6.offer slot T™M-1
SlotPool
® 060 ® e

J

ResourceManager4yAStandaloneResourceManager/ActiveR

Dispatcher
(EZpay. 3-8
¢ JobGraph#ziZ
o 1R¥EJobGraphfEzhM
e RpcEndpointfRsS
e JBidDispatcherGateway RpcXJoMEALIRSS
o MZKFREJobGraph (HA)
o (RIFEENEEFAYOLIEITIATS

JobManager 13t l% —— jobManagerSharedServices |

iE{THJob®ES ——  runningJobsRegistry

## EaJobManagerRunnerfi g —' jobManagerRunnerFutures

7.release/cancel request

>
A

esourceManager.

resourcel

Retriever —— Resource Manager%E

heartbeatServices ~— wHES

blobServer —— smumErEiE
DispatchertZ/ty i &
mEms  historyServerArchivist fatalErrorHandler —— tigr
[E#EFFfi&ExecutionGraph 7| archivedExecutionGraphStore I jobGraphWriter —— @zZKhEAJobGraphiEE
MZKIEE R JobfER — *- metricServiceQueryAddress —— ithiRES
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I - omREg ;
-4—159\7: JobGraphWriter Jplowanagerﬂunnerg—

ClusterClient

*JobGraph

DispatcherGateway

leaderElectionService | @ ¥+

JobGraphi&ii

ApplicationCode=> StreamGraph

Streamrode

ebalance

pacatielism =1

Jonvartes

paratielsm=1

o Intmrmediaie -
DataSet

_paratiatame 1

ExmoutionVertes

= EmacutionEdge |

p Flat Map
- | N
ExmcutionEdge @z

SwreamGraph
strmam e
. Hash
- Flat map * mresmeags
parstialism=2
JobGraph
Iatveries
= FlatMap - '™grnadiee = 3ousdae
paralieliam=2
ExecutionGraph
Executionvertex '
. FlatmMap _|n—-—-— =
(o] Fartiion
| + ExecutionEdge
ExacutionVartax

=> JobGraph => ExecutionGraph => #JIEH{TE

Streammode P ——
[r—

- Ypeeesesaw
f——te— /
varagiarm =2 paraiatiam -2

Operator Chain
ovv—

- = ‘,- 4
| escgmien

parallelism=2

Ermeutionlobvertes
Exocutionveres

\_ parstietizm=1

e StreamGraph

o

o

FAQ

StateBackend KZSETER
userArtifacts FAFP 34
ERHE

RINKR

= Map[StreamNode]

= Map[Source]

= Map[Sink]
BEER

TimeCharacteristic

paralletism =2

1. No ExecutorFactory found to execute the application.
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<dependency>
<groupId>org.apache.flink</groupId>
<artifactIid>flink-clients_2.11l</artifactIid>
<version>${flink.version}</version>
</dependency>
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