BlowFish:
Dynamic Storage-Performance
Tradeoff in Data Stores

Anurag Khandelwal, Rachit Agarwal, lon Stoica

2 ; ‘
— |‘
) .
/
7 B -




High-Throughput Data Stores



High-Throughput Data Stores

amazon :ricik

DynamoDB

Key-Value
Stores




High-Throughput Data Stores

amazon :ricik

Key-Value DynamoDB
Stores
NoSQL % ¢ clastic 4> HyperDex

Stores 87 & Cassandra [l HYPeRTABLE .mongo

el




High-Throughput Data Stores

amazon :ricik

Key-Va | u e DynamoDB
Stores
NoSQL %@ elastic #>HyperDex
>tores ””;“W‘ Cassandra 'L',:[i HYPERTABLE . mongo

High Throughput: Queries/Second



Existing Data Stores



THROUGHPUT

Existing

STORAGE

Data Stores



THROUGHPUT

Existing Data Stores

MORE CACHE

@ UNCOMPRESSED

HIGH THROUGHPUT

STORAGE



THROUGHPUT

Existing Data Stores

........................... @ UNCOMPRESSED

LESS CACHE
....... @ (OMPRESSED

 L0W THROUGHRUT

STORAGE



THROUGHPUT

Existing Data Stores

....... @ (OMPRESSED

@ UNCOMPRESSED

DR —

STORAGE



////




THROUGHPUT

Existing Data Stores

@ UNCOMPRESSED

STORAGE

Switching between the two

incurs high latency & CPU



THROUGHPUT

Existing Data Stores

@ UNCOMPRESSED

Switching between the two

incurs high latency & CPU

STORAGE

Leads to degraded performance when underlying
workload or infrastructure changes




A Motivating Example



LOAD

A Motivating

Load across items heavily skewed

OBJECT

—xample



(-

1

LOAD

|——A

A Motivating

Load across items heavily skewed

UNCOMPRESSED

COMPRESSED

OBJECT

—xample



1

LOAD

|——A

(-

A Motivating

Load across items heavily skewed

[ 1deal |

UNCOMPRESSED

COMPRESSED

OBJECT

—xample



(-

LOAD

|—__\

A Motivating Example

Load across items heavily skewed

[ 1deal |

UNCOMPRESSED

COMPRESSED

L LS



(-

1

LOAD

|——A

A Motivating

Load across items heavily skewed

[ 1deal |

UNCOMPRESSED

COMPRESSED

I NOT CACHED

—xample

r

\L

Compressed +
Uncompressed

~

J




LOAD

|——A

A Motivating Example

Load across items heavily skewed

Compressed +
[ deal J Uncompressed
! INCOMPRESSED 1 UNCOMPRESSED

-
| ]
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|—)
(-

LOAD

OBJECT

NOT CACHED BJELT



1

LOAD

|—A

(-

A Motivating

Load across items heavily skewed

—xample

OBJECT

r Compressed + 1
[ deal J Uncompressed
UNCOMPRESSED UNCOMPRESSED
........................ 10
= <—WASTED CACHE
COMPRESSED COMPRESSED

_» NOT CACHED

NOT CACHED

RJECT



1

LOAD

|—-\

(-

[ 1deal |

r Compressed + 1
Uncompressed
UNCOMPRESSED UNCOMPRESSED
= —\ASTED CACHE!
COMPRESSED COMPRESSED

A Motivating Example

Load across items heavily skewed

. NOT CACHED

OBJECT

NOT CACHED BJELT

r

\_

Selective Replication:
#Replicas o Load

1

v,




1

(-

LOAD

|—__\

A Motivating

Load across items heavily skewed

[ 1deal |

UNCOMPRESSED

LOAD

r

\L

.
Compressed +

Uncompressed

J

UNCOMPRESSED

G==\IASTED CACHE!
COMPRESSED

. NOT' CACHED

L LS

RJECT

LOAD

—xample

r

\L

Selective Replication:
#Replicas o Load

~N

v,

A

OBJLCT

COMPRESSED



LOAD

|—-\

A Motivating Example

Load across items heavily skewed

( ) (

(-

[ deal J Compressed + Selective Replication: 1
Uncompressed #Replicas « Load
! UNCOMPRESSED INCOMPRESSED ¢
........................ 10
, (s |
= WHSTED (e 2 Yk
COMPRESSED : COMPRESSED | COMPRESSED
. NOT CACHED . NOT CACHED

OBJLCT oD OBJECT OBJLCT



LOAD

|—-\

A Motivating Example

Load across items heavily skewed

[ deal J r Compressed + 1 r Selective Replication: 1
Uncompressed #Replicas o Load
! UNCOMPRESSED INCOMPRESSED ¢
Of=mmmmmmnmmee e 10 fpy - - -+ - ===+ 2=
, (s |
= WHSTED (e 2 Yk
COMPRESSED COMPRESSED COMPRESSED
1 . NOT CACHED 1 . NOT CACHED
T T T
0bJtC T O0bJtC ObJtC

L 0oad changes over time



1

(-

LOAD

|—-\

A Motivating

Load across items heavily skewed

r

[ 1deal |

\L

Compressed +
Uncompressed

~

J

UNCOMPRESSED

LOAD

UNCOMPRESSED

G==\IASTED CACHE!
COMPRESSED

. NOT' CACHED

L LS

RJECT

LOAD

—xample

r

Selective Replication:

#Replicas o Load

1

v,

>

E—WASTED CACKED

__ NOT CACHED

OBJLCT

Load changes over time — Degraded performance

COMPRESSED



BlowFish




THROUGHPUT

BlowFish

¥ COUPRESSDD

BlowFish

UNCOMPRESSED Smooth Tradeoff Curve

STORAGE



THROUGHPUT

BlowFish

........................... [WiieI® Smooth Tradeoff Curve

BlowFish

Dynamic Navigation

¥ COUPRESSDD

STORAGE



THROUGHPUT

BlowFish

§ COMPRESSED

BlowFish

UNCOMPRESSED

STORAGE

Smooth Tradeoff Curve

Dynamic Navigation

Applications in Several

Classical Systems Problems



STORAGE

L01HINOIHL



THROUGHPUT

STORAGE

Storage-Performance
Tradeoff



Background



Background

Builds on Succinct [NSDI'15]



Background

Builds on Succinct [NSDI'15]

Succinct stores:



Background

Builds on Succinct [NSDI'15]

Succinct stores:




Background

Builds on Succinct [NSDI'15]

Succinct stores:

SAMPLED
HEEETETETET.

AKRAY




Background

Builds on Succinct [NSDI'15]

Succinct stores: SAMPLED Eg
SAMPLED v \i .

INSAHRLED VALLES
H'EE

AKRAY



Background

Builds on Succinct [NSDI'15]

Succinct stores:

SAMPLED
HEEETETETET.

AKRAY




Background

Builds on Succinct [NSDI'15]

Succinct stores:

SAMPLED
HEEETETETET.

AKRAY

HUXILIHR\ HEEEEEEEN

ey | | [ [ [




Background

Builds on Succinct [NSDI'15]

Succinct stores:

SAMPLED
HEEETETETET.

AKRAY

HUXILIHR\ HEEEEEEEN

ey | | [ [ [

» Small



Background

Builds on Succinct [NSDI'15]

Succinct stores:

SAMPLED
HEEETETETET.

AKRAY

ALz Y

s | [ [ [ [

» Small

»  Compute unsampled
values on the fly



Background

Builds on Succinct [NSDI'15]

succinct stores: SAMPLING RATE (00

SAMLED
HER

AKRAY

(~ )
Sampling Rate proxy for

Storage & Performance




Background

Builds on Succinct [NSDI'15]

succinct stores: SAMPLING RATE (00

SAMLED
HER

AKRAY

~ )
Sampling Rate proxy for

Storage & Performance

Storage = OriginalSize/«

Latency =



Layered Sampled Array

Inspired by multi-layered video encoding techniques

ORIGINALSAMPLED RATE =

e I & s




Layered Sampled Array

Inspired by multi-layered video encoding techniques

ORIGINALSAMPLED RATE =

e I & s
¢




Layered Sampled Array

Inspired by multi-layered video encoding techniques

ORIGINALSAMPLED RATE =

e I & s
¢

wt=2 .




Layered Sampled Array

Inspired by multi-layered video encoding techniques

ORIGINALSAMPLED RATE =

e I & s
¢

e =8 D K
4 N

RATE =



Layered Sampled Array

Inspired by multi-layered video encoding technigues

ORIGINALSAMPLED RATE =

WWIIIIIIIIIIIIIIII
¢

mn8IIII=IIIIIIIIIII

RATE

"
ere =25




Layered Sampled Array

Inspired by multi-layered video encoding technigues

ORIGINALSAMPLED RATE =

WWIIIIIIIIIIIIIIII
¢

mngllll=lllllll=lll

RATE

ere =25

Different combination of layers




Layered Sampled Array

Inspired by multi-layered video encoding techniques

ORIGINALSAMPLED RATE =

o
RATE =

4
=9 5

"—8. .

o

e I & s
¢

Different combination of layers — Different points on tradeoff curve



Technical Details



Technical Details

lllll:
I
II[




Technical Details

AR —

l




Technical Details

AR —

I

» How should partitions share cache on a server?



Technical Details

s

-
R

Sl

Saadl - dasiad

» How should partitions share cache on a server?

» How should partitions share cache across servers?



Technical Details

s

-
R

Sl

Saadl - dasiad

» How should partitions share cache on a server?
» How should partitions share cache across servers?

» How should requests be scheduled across replicas?



Technical Details

s

Sl

Saadl -

» How should partitions share cache on a server?
» How should partitions share cache across servers?

» How should requests be scheduled across replicas?

[ Unified Solution: Back-pressure style scheduling j




Technical Details

s

Sl

Saadl -

» How should partitions share cache on a server?
» How should partitions share cache across servers?

» How should requests be scheduled across replicas?

[ Unified Solution: Back-pressure style scheduling j

Cache proportional to load,



Technical Details

s

Sl

Saadl -

» How should partitions share cache on a server?
» How should partitions share cache across servers?

» How should requests be scheduled across replicas?

[ Unified Solution: Back-pressure style scheduling j

Cache proportional to load, without explicit coordination
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» Functionality close to state-of-the-art NoSQL stores

get() put() delete() search() regex()

» Queries do not touch all servers

Many systems employ sharding schemes to avoid touching all
servers, e.g., [Schism, VLDB"10]

» System is not network-bottlenecked

[MICA, NSDI'14] — True for most data stores today
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