=g oK

Systems @ ETH ziricr

Three steps is all you need

fast, accurate, automatic scaling decisions
for distributed streaming dataflows

Vasiliki KalavriT, John Liagourist, Moritz HoffmannT,
Desislava Dimitroval, Matthew ForshawT, Timothy RoscoeT

TSystems Group, Department of Computer Science, ETH Ziirich, firstname.lasthname@inf.ethz.ch
TTNewcastle University, firstname.lastname@newcastle.ac.uk

GO gle VMWare RESEARCH



mailto:firstname.lastname@newcastle.ac.uk

Any streaming job will inevitably become
over- or under-provisioned in the future



Any streaming job will inevitably become
over- or under-provisioned in the future

‘ \
e A
o

load shedding /'-

4

events/s

\4

---------

time

-------- :input rate : throughput



Any streaming job will inevitably become
over- or under-provisioned in the future

‘ \
e A
o

load shedding /'-

4

idle resources -

events/s
events/s

\4

---------

time time

-------- :input rate : throughput



Any streaming job will inevitably become
over- or under-provisioned in the future

‘ \
e A
o

load shedding /'-

4

events/s
events/s

\4

---------

time time

-------- :input rate : throughput



CONFGURING PARALLELISM FOR A STREAMING JOB

parallel dataflow

—

nput streams ™ > oo
P / / —_—

BTy — = & output stream

e




CONFGURING PARALLELISM FOR A STREAMING JOB

---------------------------------------------------------------
4 ~

|. monitor | —M8M—

event rates : input streams

output stream

--------------------------------------------------------------

2. configure
parallelism

3. deploy and test
performance

!

until the target throughput is met



THE SCALING PROBLEM

logical dataflow

Giver

identif

ne minimum paralle

physical dataflow

TT=23

ogical dataflow with sources S| Sz ... Snand rates A, A2, ... A

ism TT; per operator |, such that the physical

dataflow can sustain all source rates.



AU TOMATIC SCALING OVERVIEW

— X
- S

~

, scaling . .
— —
controller

policy




AU TOMATIC SCALING OVERVIEW

— X
- S

 EEEEs
——
detect
Symptoms ( \
, scaling , ,
metricsJlE L 2 —
controller

policy



AU TOMATIC SCALING OVERVIEW

— X
- S

 EEEEs
——
detect
Symptoms ( \
, scaling , ,
metricsJlE L 2 —
controller

decide whether
to scale




AU TOMATIC SCALING OVERVIEW

<
>¢ELED,

~

scaling
= |5k | =

detect
symptoms

decide how
much to scale

metrics scaling action

decide whether
to scale




EXiSting aPPrOaCheS -
metrics

|

'*‘ Borealis

scaling action

StreamCloud

Seep |
IBM Streams

Spark Streaming |

Google Dataflow
Dhalion




Existing approaches

scaling action

|

*‘ Borealis -
CPU utilization
StreamCloud backlog, tuples/s
 backpressure signal
Seep
L\
IBM Streams

: Spark Streaming j

Google Dataflow
Dhalion




Existing approaches

scaling action

_ policy
f‘ Borealis o
CPU utilization threshold and rule-based
StreamCloud backlog, tuples/s if CPU > 80% => scale
 backpressure signal
Seep

L‘

IBM Streams

: Spark Streaming j

Google Dataflow
Dhalion




Existing approaches

|

|

|

W

Spark Streaming

Borealis
StreamCloud
Seep

IBM Streams

Google Dataflow
Dhalion

metrics

CPU utili

1Zd

backlog, -

backpressure signal

up

ifels

es/s

policy

threshold and rule-based
if CPU > 807% => scale

scaling action

sma
one ope

| changes,

rator at a time



Existing approaches

|
|

metrics

k Borealis -
CPU utilization
StreamCloud backlog, tuples/s
 backpressure signal
Seep |
roblematic due
IBM Streams P

II

Spark Streaming

Google Dataflow
Dhalion |

to Interference,
multitenancy

policy

threshold and rule-based
if CPU > 807% => scale

scaling action

sma
one ope

| changes,

rator at a time



Existing approaches

. —

|

|
|
|

ﬁi

Borealis
StreamCloud
Seep

IBM Streams

Spark Streaming

Google Dataflow
Dhalion |

metrics

CPU utili

1Zd

backlog, tup

backpressure signal

problematic due

to Interference,
multitenancy

ifels

es/s

policy

threshold and rule-based
if CPU > 807% => scale

sensitive to
noise, manual,
hard to tune

scaling action

sma
one ope

| changes,

rator at a time



Existing approaches -
- metrics policy

scaling action

Borealis CPU utilization threshold and rule-based small changes,
StreamCloud backlog, tuples/s if CPU > 80% => scale one operator at a time
 backpressure signal
>eep t sensitive to dicti
IBM Streams | pro.b\ematm ue noise, manual Snce)gu\pazievelcsrée,s
| ll to interference - ,to tune, P P
Spark Streaming | multitenancy

Google Dataflow
Dhalion |




Existing approaches -
- metrics policy

scaling action

| Borealis CPU utilization threshold and rule-based small changes,
StreamCloud backlog, tuples/s if CPU > 80% => scale one operator at a time
 backpressure signal
Seep Q » o
: problematic due sensitive 1o non-predictive,
IBM Streams noise, manual, specu\ative steps

| W to Interference,
Spark Streaming | multitenancy

x oscillations

hard to tune

Google Dataflow
Dhalion |




Existing approaches -
- metrics policy

scaling action

| Borealis CPU utilization threshold and rule-based small changes,
StreamCloud backlog, tuples/s if CPU > 80% => scale one operator at a time
 backpressure signal
Seep Q » o
: problematic due sensitive 1o non-predictive,
IBM Streams noise, manual, specu\ative steps

| W to Interference,
Spark Streaming | multitenancy

x oscillations

hard to tune

Google Dataflow
Dhalion |

temporary over-
and under-
provisioning

X




Existing approaches -
- metrics policy

scaling action

| Borealis CPU utilization threshold and rule-based small changes,
StreamCloud backlog, tuples/s if CPU > 80% => scale one operator at a time
 backpressure signal
Seep Q » o
: problematic due sensitive 1o non-predictive,
IBM Streams noise, manual, specu\ative steps

| W to Interference,
Spark Streaming | multitenancy

x oscillations

hard to tune

Google Dataflow
Dhalion |

temporary over-

and under- x slow
provisioning convergence

X




effect of Dhalion’s scaling actions
in an initially under-provisioned wordcount dataflow

17500

""""""" Z\"T‘" e i v
15000 -

v

§12500- *

: \

© 10000- \

Q

5 7500-

5

3 5000 -

e

-

O 2500- /
* —— Source Rate

0- . a -—--Target Rate

0 500 1000 1500 2000 2500 3000

Elapsed time [s]



effect of Dhalion’s scaling actions
in an initially under-provisioned wordcount dataflow

S Saasnan .  ,1_:.~ Sos ‘ SRl das \
—
1 i l
'K

17500

15000

-
N
ol
o
o

10000 -

Output rate [records/s]

2500 - /
* —— Source Rate

| | -—--Target Rate

0 500 1000 1500 2000 2500 3000
Elapsed time [s]



metrics
externally
observed

policy
threshold-basea

scaling action

non-predictive,
single-operator




OUR APPROACH: DS2

metrics
externaiy true rates through
opserved iINnstrumentation

policy

threshciu-based datatlow

dependency model

scaling action

bredictive,
dataflow-wide
actions

non-predicuive,
-
SINSie-Operator




OUR APPROACH: DS2

metrics
externaiy
opserved

policy

threshciu-based

scaling action

non-predicuive,
-
SINS.e-oOperator

true rates through
Instrumentation

dataflow
dependency model

bredictive,
dataflow-wide
actions

J no oscillations
gy true rates as

bounds to avoid
J fast convergence

over/under-shoot



backpressure
target: 40 rec/s




---------------------------------------------------------------------

observed view}

backpressure
target: 40 rec/s

Which operator is the bottleneck?
What if we scale 0| x 4?

How much to scale 05?



'--------------------------------
o 3
backpressure
target: 40 rec/s
_

_J

< I = = = = = =
a4 B EE EE E =E D



'--------------------------------
observed view

4 BE E EE EE =HE D




backpressure
target: 40 rec/s

1
observed view P

SECI e e — DS2 view|

— bUSY O} E
-------- - walrting :
02 :

Time (s) :

| 2 3 4 . o

Instrumentation ,



— : DUsy
-------- - walrting

backpressure
target: 40 rec/s

0 Is the
bottleneck

observed view

Il B I B B

DAY

Time (s)

iInstrumentation

a E E E E EEEE E E BEBE BB B B BN



backpressure
target: 40 rec/s

0 Is the
bottleneck

— : DUsy
-------- - walrting

Il B I B B

/2 Oy Instances can
keep up with the rate

of 4 0| Instances

DAY

Time (s)

iInstrumentation

a E E E E EEEE E E BEBE BB B B BN



THE DS2 MODEL



THE DS2 MODEL

Useful time: The time spent by an operator instance in
deserialization, processing, and serialization activities.




THE DS2 MODEL

Useful time: The time spent by an operator instance in
deserialization, processing, and serialization activities.

True processing (resp. output) rate: [he number of records an
operator Instance can process (resp. output) per unit of useful time.




THE DS2 MODEL

Useful time: The time spent by an operator instance in
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parallelism for o; - average true processing rate of o




CONVERGENCE STEPS

T the actual scaling is linear,
convergence takes one step

! no Overshoot When Sca“ng up: target ' ...............................................
ideal rate I1s an upper bound "

* no undershoot when scaling initial rate |-~ X
down: ideal rate Is a lower bound |

parallelism



CONVERGENCE STEPS

f the actual scaling is linear, ; O
convergence takes one step | {@écj',/'
| R
. no overshoot when sca\ing up: target ' ................... ........................
deal rate is an upper bound '
* no undershoot when scaling initial rate |-+ ?;(/
down: ideal rate Is a lower bound R
po
parallelism



CONVERGENCE STEPS

it the actual scaling Is linear, ; | %O{\x"/
convergence takes one step | {@écj',/'
| R

. no overshoot when Sca\ing up: target ' ................... )( ........................

ideal rate I1s an upper bound ' :
* no undershoot when scaling initial rate |-+ ?;(/

down: ideal rate Is a lower bound R

Po o]
parallelism



CONVERGENCE STEPS

T the actual scaling is linear,
convergence takes one step

* no overshoot when scaling up:
ideal rate 1s an upper bound

* no undershoot when scaling
down: i1deal rate Is a lower bound

Po P

parallelism



CONVERGENCE STEPS

In practice, rates are

commonly sub-linear
due to other overneads
(e.g. worker coordination).

AN
XL
&
{QJ 'i'
R
target ................... '.'.X' ........................
initial rate - %’
Po P
parallelism



CONVERGENCE STEPS

: \O(\ '/
In practice, rates are ; @a@ \
: @ Re
commonly sub-linear | SN o
due 'tO O‘ther Overheads target ................. /',X ......................
(e.g. worker coordination). ’ . S
initial rate }------- .
I50 P
parallelism



CONVERGENCE STEPS

In practice, rates are

commonly sub-linear
due to other overneads
(e.g. worker coordination).

when the actual scaling is sub-linear,
convergence takes more than one steps

a
................

..........

.....

parallelism



CONVERGENCE STEPS

In practice, rates are

commonly sub-linear
due to other overheads farget |
(e.g. worker coordination). |

initial rate |

In our experiments, DS2 took A
up to three steps to converge Po PI P2p3
for complex queries. parallelism




(& DS2 operates online in a reactive setting

ES® /\nache Flink

, — N
(-, Instrumentea report metrics —
-------------------------------- > '
B HERON [ cream DrOCessor | Metrics
Timely dataflow 5 -~ (_Repository
ot
e
re-scale job pull metrics
g R invoke g ’ B

Scaling Manager Scaling Policy
_J

— —

decision



cVALUATION



D52 VS, DHALION ON HERON

wordcount

U B R S BREER R R BRSSO muumvvye Om,n" "

301 —— FlatMap (DS2)
—— Count (DS2)
| === FlatMap (Dhalion)

- == Count (Dhalion)

N
U

N
-

#lnstances
—
on

-
-

0 500 1000 1500 2000 2500 3000
Elapsed time [s]

Target rate: 16.700 rec/s



D52 VS, DHALION ON HERON

wordcount
DS2 converges in a 301 — FlatMap (DS2) e
. — Count (DS2) ,
single step for | === FlatMap (Dhalion) !
both operators -~= Count (Dhalion) |
Y e ————
0 20- : 1
0, : '
O : '
- : :
S 15 | |
n | !
= . |
% | |
10- : :
,' |
| b
5 [
| /
/ /
¢ T r—=
0) 500 1000 1500 2000 2500 3000

Elapsed time [s]

Target rate: 16.700 rec/s



D52 VS, DHALION ON HERON

wordcount
DS2 converges in a 301 — FlatMap (DS2) o
. — Count (DS2) ,
single step for | ==~ FlatMap (Dhalion) ,'
both operators -~= Count (Dhalion) |
Y e ————

0 20- 1 1

O : '

O ; '

- : :

3515 | |

W | I

= . |

3 | |

10- , :

’ |
|

[DS2 converges in - U bt ’

. . |
60s, .. as soon as It [ R ;__"
, A
recelves the Heron | | | | | |
netrics 500 1000 1500 2000 2500 3000
Elapsed time [s]

Target rate: 16.700 rec/s



D52 VS, DHALION ON HERON

wordcount
DR A 0| — FlatMap (DS2)

. — Count (DS2) Dhal |
single step for | ==~ FlatMap (Dhalion) AION SCdi€s ONE
both operators -~~~ Count (Dhalion) operator at a time,

resulting to a total
n 20 .
U of six steps
O
-
515
7))
<
$
10-
DS2 converges In : Y lntviv i
: : / /
60s, I.e. as soon as It — 1
receives the Heron g il

Mnetrics ' 500 1000 1500 2000 2500 3000
Elapsed time [s]

Target rate: 16.700 rec/s



D52 VS, DHALION ON HERON

wordcount
DS2 converges in a o FlatMap (D52)

. — Count (DS2) Dhal |
single step for | ==~ FlatMap (Dhalion) AION SCdi€s ONE
both operators -~~~ Count (Dhalion) operator at a time,

resulting to a total

n 20 .
U of six steps
O
-
515
v
<
$

10-

DS2 converges In : /""::/ """""""" Dhalion converges
: : /
60s, I.e. as soon as It — 1 in 2000s

recelves the Heron , | | | | ' |
metrics 500 1000 1500 2000 2500 3000

Elapsed time [s]

Target rate: 16.700 rec/s



D52 VS, DHALION ON HERON

wordcount

301 — FlatMap (DS2)
— Count (DS2)

DS2 converges in a

single step for |~~~ FlatMap (Dhalion) Dhalion scales one

both operators -~~~ Count (Dhalion) operator at a time,
resulting to a total

of six steps

#lnstances
—
N

10 -

DS2 converges In : —-——r-- Dhalion converges
60s, 1.c.as soon as It 1 in 2000s

recelves the Heron , | | | | ' |
metrics 500 1000 1500 2000 2500 3000

Elapsed time [s]

Target rate: 16.700 rec/s



DS2 ON APACHE FLINK

wordcount
2000000 ===~
- Source Rate
& 1°00000- - -~ Target Rate
Ll
o 1000000 - —
)
& 500000 -
O- | | | | | | |
" . ------ FlatMap
Y151 .. : — .~ Count
= ' :
S 10- ’ ____________ ¥
1= : ;
# .’_._J ...........................
5.. — ‘_J ........... —

0 200 400 600 800 1000 1200 1400

Elapsed time [s]

Target rate: 2.000.000 rec/s




DS2 ON APACHE FLINK

wordcount
20000009 ===~
- Source Rate
& 1°00000- - -~ Target Rate
: ©
Apache thl; 5 1000000 - $ - T—_—_
RN & 500000 - | |
reconfiguration AT L
takes ~30s - . . . . .
" : A A FlatMap
151 L. E — -~ Count
s | =
8., s i
L= : !
# 'r_ cewd = Pessssssssssssssssssssssssss
o1 |.

0 200 400 600 800 1000 1200 1400
Elapsed time [s]

Target rate: 2.000.000 rec/s



DS2 ON APACHE FLINK

wordcount

20000004 ===~
- Source Rate

& 1°00000- - -~ Target Rate
Apache F|Iﬂ|< -g 1000000 - #

savepolnt and é
reconfiguration

500000 ﬂ# i

[y |

takes ~30s . - . . .
” : T FlatMap
U 15- paans : — = Count
= : :
g e :
- ,
:b_k = ot E ...........................

Slg — |
DAYNe\VSe= N0 200 400 600 800 1000 1200 1400
two steps for Elapsed time [s]

both operators Target rate: 2.000.000 rec/s



DS2 ON APACHE FLINK

wordcount

2000000 -
- Source Rate

& 1°00000- - -~ Target Rate
: o

Apachg Flink B 1000000 - — g ———————————

savepolnt and

C

£ 500000 -

reconfiguration
takes ~30s

R FlatMap
v 1549 — = Count
§ DS?2 reacts 3s
@ 10 ! ! after the target
E ,__J E ........................... ra—te haS Chaﬂged

DAYNe\VSe= N0 200 400 600 800 1000 1200 1400

two steps for Elapsed time [s]
both operators Target rate: 2.000.000 rec/s



CONVERGENCE - NEXMARK

initial Ql:

parallelism flatmap
3 =>| |2 =>16

|2 :>| 16
P

20 =>| 16

24 =>| 16

23 =>| 16

Q2:
filter

[ =>13=> 14

14

|12 => 14

|3 =>14

14

14

Q3:
incremental

join

|6 => 20

|38 => 20
20
20
20
20

Q>5:

tumbling window

join

[4=>15=>16

16
16

[4=>16

[4=>16

13 =>16

Q8:
sliding
window

Qll:

session window

10 |2 =>2)=>128

10
8 =>10
8 =>10
8 =>10
8 =>10

22 =>128
26 => 128
28
28
28

=> : scaling action



CONVERGENCE - NEXMARK

Ql: Q2: Q3: Q>5: Q8: Qll:

flatmap filter incremental tumbling window sliding session window
scale-up join join window

initial
parallelism

>

|2 16 | 4 |8 => 20 16 10 22 =>128

oy
||
V

16 |12 => 14 20 16 8 =>10 26 => 128
2

NO

SAN -
|| ||
V V

16 14 20 [4=>16 8 =>10 28

>

N
Qo
|

| 16 |3 =>14 20 [4=>16 8 =>10 28
| 16 14 20 |13 =>16 8 =>10 28

=> : scaling action



CONVERGENCE - NEXMARK

Ql: Q2: Q3: Q>5: Q8: Qll:

flatmap filter incremental tumbling window sliding session window
i scale-upl| join join window

(e=fz=16 1= 16220 14=>15=>16

initial
parallelism

>

|2 16 | 4 |8 => 20 16 10 22 =>128

o~
|
Y%

16 |12 => 14 20 16 8 =>10 26 => 128

N
O
||
V

| 16 |3 =>14 20 [4=>16 8 =>10 28

N
N
||

> 16 14 20 [4=>16 8 =>10 28

scale-down

=> : scaling action



CONVERGENCE - NEXMARK

Ql: Q2: Q3: Q>5: Q8: Qll:

flatmap filter incremental tumbling window sliding session window
i scale-upl| join join window

(e=fz=16 1= 16220 14=>15=>16

initial
parallelism

>

|2 16 | 4 |8 => 20 16 10 22 =>128

o~
|
Y%

16 |12 => 14 20 16 8 =>10 26 => 128

N
O
||
V

| 16 |3 =>14 20 [4=>16 8 =>10 28

24 =>

16 14 20 [4=>16 8 =>10 28

scale-down

a single step for many queries

=> : scaling action

and Initial configurations



CONVERGENCE - NEXMARK

at most 3 steps

Ql: Q2: Q3: Q>5: Q8: Qll:

flatmap filter incremental tumbling window sliding session window
scale-up join join window

initial
parallelism

>

|2 16 | 4 |8 => 20 16 10 22 =>128

o~
|
Y%

16 |12 => 14 20 16 8 =>10 26 => 128

N
O
||
V

| 16 |3 =>14 20 [4=>16 8 =>10 28

24 =>

16 14 20 [4=>16 8 =>10 28

f = . . |3 — |6 ,, | "

scale-down

a single step for many queries

=> : scaling action

and Initial configurations



RECAP

17500 — 2000000 —==-F 7 —— cource Rate
15000 \ DA & 15000001 A, -—-- Target Rate
1% 12500 ‘ v o report metrics ot % 1000000+ \ IU
S | ream aie . etrics & 500000 -
%10000 \ @ AERON - Srocessor el Repositor ot Y U~ vu
5 7200 Timely dataflow o T
g 5000 - re-scale iob ff\"‘ i . " :: o [ FlatMap
3 o0 / e-scale jo /', pull metrics §15- s — .~ Count
- Source Rate s’ © S — .
0 i || --- Target Rate . invoke d z 10 S -Li
0 500 1o'oE<|) 132_0 [2c])'00 2500 3000 [Scaling ManagerJ‘ '( Scaling Polich * s 7 | i
apsed time [s .. : : , , — , l
decision - 0O 200 400 600 800 1000 1200 1400
Elapsed time [s]
Observed metrics threshold- DS2 uses instrumentation to DS2 makes fast and accurate
based policies can lead to measure true processing and scaling decisions and converges In
oscillations, misconfiguration output rates and estimate up to three steps even for non-
and slow convergence. parallelism for all operators at once. inear, complex dataflows.

https://github.com/strymon-system/ds2

20



=g oK

Systems @ ETH ziricr

Three steps is all you need

fast, accurate, automatic scaling decisions
for distributed streaming dataflows

Vasiliki KalavriT, John Liagourist, Moritz HoffmannT,
Desislava Dimitroval, Matthew ForshawT, Timothy RoscoeT

TSystems Group, Department of Computer Science, ETH Ziirich, firstname.lasthname@inf.ethz.ch
TTNewcastle University, firstname.lastname@newcastle.ac.uk

GO gle VMWare RESEARCH



mailto:firstname.lastname@newcastle.ac.uk

