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D Motivation ﬂg

Person .
m Stream processing engines emphasize O”"f‘e
. locit Auction Auction
processing velocity A System
m SPEs can handle unbounded data sets
m Many streaming workloads vary over time
g
Time

—)> Adapt streaming job to incoming workload
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1 ’ Problem Statement

m Restarting job only way to modify running streaming job

m May involve distribution of large state

m Require external system to guarantee correct processing semantics

m Not possible if other systems rely on streaming output
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o ’ Proposed Solution

m Modify a running streaming job in Apache Flink

m Stateful operator migration

m Introduction of new operators

m Optimize or replace existing operators
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1 ’ Apache Flink — Streaming Job
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m Dataflow of streams and operators form DAG

Flink deployment 1
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D Apache Flink — Architecture

m Dataflow of streams and transformations form DAG
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Apache Flink — Checkpointing Mechanism

m Checkpoint mechanism ensures fault tolerance and
allows jobs to be restarted with previous state

m Checkpoint barriers divide stream into indepentent and disjoint subsets

checkpoint checkpoint
barrier n barrier n -1
newer records older records
—> >
§ J L J L J
Y Y Y
Part of Part of Part of
checkpoint n checkpointn -1

checkpoint n + 1

| 07.03.19 DIMA —TU Berlin 7




i Modification Mechanism "E

m Integration with checkpoint mechanism
m Ensures exactly-once processing semantics

m Reuse of Flink state backend !

\
e ) JobManager
m ModificationCoordinator g
.. e . Modification
0 checks validity of modification Coo:éinaltor

0O Ingests trigger messages
O starts and supervises modification execution

Upstream Affected Downstream
Operators  Operators Operators
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D Migrating Operators

(T

|

Ta‘s\M /er1 TaskManager 2
m Motivation: TaskManager metrics
Task Task Task | | Task
indicate an upcoming hardware 1 2
L N ; A A J
. I )

failure but job should not stop

1. Preparing Migration — 2. Waiting - 3. Performing Migration
Trigger specific
modification

Wait for upcoming
action

Propagate
checkpoint barrier

trigger message
through graph
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1 ’ Migrating Operators
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[ Checkpoint ] [ Modification ] [ State
Coordinator Coordinator Backend

]

Upstream Migrating = Downstream
Operators  Operators Operators

e e am am ows

Preparing Migration
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1 ’ Migrating Operators

[ State ]
Backend

[ Modification ]
Coordinator

Coordinator

[ Checkpoint ]
Start Migration

Preparing Migration
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1 ’ Migrating Operators

[ State ]
Backend

[ Modification ]
Coordinator

[ Checkpoint ]
Coordinator

Propagate trigger message

Preparing Migration

| 07.03.19 DIMA —TU Berlin 12 |




L]

*~
>
s
€3

o) (7
%0y,
) 26 l
a

1 > Migrating Operators

[ State ]
Backend

[ Modification ]
Coordinator

[ Checkpoint ]
Coordinator

Propagate trigger message

Preparing Migration
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1 ’ Migrating Operators

[ State ]
Backend

[ Modification ]
Coordinator

[ Checkpoint ]
Coordinator

Propagate trigger message

Preparing Migration
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1 ’ Migrating Operators

[ State ]
Backend

[ Modification ]
Coordinator

[ Checkpoint ]
Coordinator

Propagate trigger message

Preparing Migration
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| > Migrating Operators

[ Checkpoint ]

[ State ]
Backend

[ Modification ]
Coordinator

Coordinator

Waiting for upcoming
checkpoint barrier

Waiting
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o ’ Migrating Operators

[ Checkpoint ] [ Modification ] [ State ]

Coordinator Coordinator Backend
Start new
checkpoint

Waiting
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1 > Migrating Operators

[ Checkpoint ] [ Modification ] [ State ]
Coordinator Coordinator Backend
Transfer
State ]
=

Waiting
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1 ’ Migrating Operators
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[ State ]
Backend

[ Modification ]
Coordinator

[ Checkpoint ]
Coordinator
Propagate checkpoint barrier &
start spilling to Disk

Performing Migration
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| > Migrating Operators

[ Checkpoint ] [ Modification ] [ State ]
Coordinator Coordinator Backend
Transfer State
=

Performing Migration
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. > Migrating Operators

[ Checkpoint ]
Coordinator

[ State ]
Backend

[ Modification ]
Coordinator

Enter pausing state

Performing Migration

21

DIMA —TU Berlin

07.03.19




L]

. > Migrating Operators

[ Checkpoint ]
Coordinator

[ State ]
Backend

[ Modification ]
Coordinator

Transfer state
=

Performing Migration
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| > Migrating Operators

[ Checkpoint ] [ Modification ] [ State ]
Coordinator Coordinator Backend
Restart on a
different TM

Performing Migration
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1 ’ Migrating Operators

[ State ]
Backend

[ Modification ]
Coordinator

[ Checkpoint ]
Coordinator

Connect to up- and
downstream operators

Performing Migration
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- > Migrating Operators

[ Checkpoint ] [ Modification ] [ State ]
Coordinator Coordinator Backend
Retrieve state u

Performing Migration

| 07.03.19 DIMA —TU Berlin 25 |




L]

*~
>
s
€3

(7
D%,
Yoy
Ha

1 ’ Migrating Operators

[ State ]
Backend

[ Modification ]
Coordinator

[ Checkpoint ]
Coordinator

Reprocess spilled tuples and
continue normal processing

Performing Migration
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i ’ Changing Operator Function
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m Motivation: Optimize UDF at runtime, e.g. based on runtime metrics

m New UDF distributed via JobManager to all TaskManagers

4
[ JobManager ]

m Synchronization upcoming checkpoint barrier
m All operators will replace their UDF
%UDF

AY

AY

[[[ TaskManager ]
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i ’ Introducing Operators "E

m Motivation: Modify data flow at runtime

O @00

m Separation in up- and downstream operators

Upstream Downstream
Operators Operators

- e mm Em o Em o o o o ==,
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o ’ Benchmark

m All benchmarks performed on IBM cluster
0 8 machines with 48 cores and 48 GB of memory each

0 1 GB/s network between all machines

m Implemented custom data generator with constant load

m  Warmup of 10 minutes for each benchmark

]

5X
)
)
=
JobManager | < H > < H > Data
’ ] uthaskManager] U Generator ]
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| D Migration — Small State - Stateful Map Query

m Stateful Map Query covers operator migration with small state

m 1 second checkpointing interval
m Migrated 34 operator instances in less than 7.1 seconds with 17kB state size

7S

6S

5S

4s

3S

2S

0s 1S

A

- A
e , T
, o Sources migra'ted Maps migrated Sinks migrated
>tarting Migration and restarted and restarted  and restarted
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Migration — Large State - Nexmark Benchmark

Person
Source

Implemented Query 8 of the Nexmark Benchmark with large operator state
40

u
m 30 second checkpointing interval

Auction
Source
40

m Migrated 2,7 GB operator state

| os | 1s | 2s 35 4- 585 595 60-815
Submitting Migration
waiting for upstream
A operators
;AT
Window
migrations

Sending TriggerMigration-message AuctionSource PersonSource
migrations migrations

to all sources
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1 Migration - Benchmark Results I'E

Stateful Map Query Nexmark Query
8s 225s
7s 200 s
6s 175s
m Big performance improvements 5s 150
. . 4s 1255
when migrating large state ; 100's
S
75 s
by a factor of more than 2.3 2s 50 s
1ls 25s
Os Os
m No data loss between restarts sMQ Nexmark
with migration M Flink Savepoint B Migration M Flink Savepoint m Migration
m Most time is not spent on actual migration
O submitting migration
0 waiting for checkpoint barriers
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Benchmark — Introduce Operator

Introduce new filter operator between source and map operators

]
m 1 second checkpointing interval

Source) _ _ F|Iter L Map
‘\ 60

60
os | 1s | 2s 3s 45 55 6s 75 8s 9s 10s
Uploading Jar
Submitting Command
,1
e — y
. ,"” ’,, V\N\
Sending IntroduceOperator Sources spill  Maps updated  Starting new
to Disk InputChannels  Filter Operators

to all Source
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i Benchmark — Replace UDF
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m Change filter condition for an existing filter operator

m 1 second checkpointing interval

0|
Submitting Jar

Submitting Command

-
’

-

Sending Command to Downloading User-Jar
from BlobServer

all FilterOperators
onlastT™

A
Replacing UDF
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1 ’ Conclusion

m Mechanism to modify jobs at runtime
0 Modifications independent of actual operator
0 Prevents data loss during restart without persistent message queue

0 Implemented three modification use cases

— Operator migration
— Introduction of new operators

— Replace UDF

m Benchmark results
0 Migrating operators is almost as fast as Flink’s savepoints

0O For large state 2.3x faster
0 Actual Modifications take less than a few seconds

m Solid foundation for dynamic runtime optimizations
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| Migrating Operators I'E

m Real-life jobs require migration of multiple, successive operator instances

m Main insights
0 Upstream operator must still guarantee data safety
O It does not matter if upstream operator is spilling to disk or migrating itself

- e e e e e e e e e e e,

Upstream igrati erators
operators Migrating Op Downstream operators
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1 Migrating Operators ] E

Checkpoint Modification State Checkpoint Modification State
Coordinator Coordinator Storage Coordinator Coordinator Storage
@ . Trigger Migration E Trigger Checkpoint
Upstream  Migrating  Downstream Upstream  Migrating  Downstream
instances instances  instances instances instances  instances
Checkpoint Modification State Checkpoint Modification State
Coordinator Coordinator Storage Coordinator Coordinator Storage
A i :
Transfer state i Restart instance @ |
©< ,: i Retrieve
---- ] State
Upstream Migrating Downstream Upstream Migratfﬁ_d-____ﬁaw_r]-é:[?_e—am
instances instances  instances instances instances  instances
B  Trigger Migration Marker [ Checkpoint Marker —  TCP Data Exchange ----p»  RPC Exchange
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Image sources

m Big data:
Flink & logos:
Graph icon made by Smashicons from www.flaticon.com is licensed by CC 3.0 BY
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| Nexmark — Canceling with Savepoint
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Submitting Savepoint
Canceling Job with Savepoint
Restoring job from Savepoint
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Downloading State
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1 Benchmark Migration Results
Migrated Waiting for Migration Overall Migrated
Benchmark _ - _ _
state size Synchronization duration duration Operators
Stateful Ma
SVEP 17k 2 245 7.1s 34
Query
Nexmark 2,7 GB 549 s 23.7 s 81.8s 24

Big performance improvements when migrating large state

|
by a factor of more than 2.3
m No data loss between restarts with migration
m Most time is not spent on actual migration

0 submitting migration
O waiting for checkpoint barriers
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i Flink Overview
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