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e Komnanus Querify Labs [1]

o  Paspa6otka HoBbix CYB/, n data management cuctemM: ABUXKM, ONTUMMU3ATOPbI, Storage, NPOTOKOSIbI.
e Pab6oTtanu MHoro net Hag pacnpegeneHHbIMU in-memory ABMXKaMMU:

o  Apache Ignite

o  Hazelcast
e KoHTpu6bloTOpbl B Apache Calcite [2] n Apache Ignite


https://www.querifylabs.com/
https://calcite.apache.org/

Apache Arrow ecosystem

Java Python
. FPGA/GPU Accelerators
n Diinlenieier) e 1 (fletcher/arrow-cuda-glib)

Apache Arrow APIs
(C, C++,C#, Go, Java, TS, Python, R, Ruby, Rust, Verilog, Cuda)

i

Memory
(Arrow in-memory data format)
A &
Storage | Network

 (Parquet, Feather, etc) | " (Arrow Flight, Arrow IPC) 3
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Columnar data. What for?

OLTP vs OLAP



OLTP vs OLAP

e  OLTP: ToyeYHble 3anpoChbl, LUMPOKUIA HABOP KOJTOHOK

o  OTHOCUTENbHO HEBOJbLIOE KOIMYECTBO CTPOK U TpaHChopMaL i

o KpuTuueH Bbi6op onTUManbHOro Metoaa goctyna (ckaH vs Index, BbI60op ONTUMabHOro MHAEKCA)
e OLAP: “anunHHble” 3anpochbl, y3K1in HAbop KOJIOHOK
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Optimizes data footprint

File Size Compression Across Encoding Methods
Dataset: TPC-DS Scale 500 Dataset

585 GB

(Original Size) 505 GB )
(14% Smaller) 221 GB

i
ya \ e Larger Block Sizes
\ e Columnar format

arranges columns
131 GB ) adjacent within the file

(78% Smaller) / for compression and

fast access

Text RCFile Parquet ORCFile



Optimizes reads

SELECT AVG(col_2), SUM(col_5) FROM table_T



Optimizes reads

Read only needed data
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File in columnar format

File in row format



Optimizes compute operations
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Optimizes compute operations

140,000
120,000

g
8

Binomial Options Per Sec. SP
(Higher is Better)
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memory format

Indicates null values Data offsets Data Metadata
Validity buffer| |Offset buffer Data buffer Length: 8

0 0 _
UTF bytes Null count: 4

1 255

1 X
UTF bytes

0 255

0 510
UTF bytes

1 610

1 X
UTF bytes

0 610
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Arrow: memory format (Java)

~

BufferAllocator

!

B &
{ ArrowBuffer AllocationManager
s 3 > ~
ArrowVector
\ \
o J
—{ ArrowBuffer ReferenceManager
s ) 7 J
ArrowVector
4 J i
ArrowBuffer ReferenceManager
5 . »,
-,
ReferenceManager
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No-marshalling

Streaming format File format
Schema Record Batch
Record Batch Record Batch
‘—' Record Batch Record Batch
Record Batch Record Batch '
Record Batch ’[ Record Batch !
[
i Record Batch Schema
VLl | File layout
l
|
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No-marshalling

Streaming format

Data heade
Schema ) Row record:
Record Batch name (bitmap) name (offset) J {
(L i WIAIIIINIP2. 2 Z name: 'Joe',

Record Batch name (data) J age (bitmap) age: 18,

— e ——— S— phone: 555-444-666
Record Batch age (data) phone (bitmap) }
Record Batch phone (data)
Record Batch

|

2
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e Slicing/transferring
e Zero-copy reads
e Zero-copy IPC
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Zero-copy: slicing

SELECT col_1 FROM table_1 LIMIT 10 OFFSET 15
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Zero-copy: slicing

Source buffer

Buffer view

Sliced address A J i __’

Sliced length S 7;2{?; ;

{ReferenceMamger}
18




Zero-copy: transferring

Data Pipeline
Data source Operator 1 > > >
Operator k - 1
3
r i
In data (Operator k) Out data (Operator k)
Vectors >{ Transformation > Vectors ——»( Transformation )———13% Vectors
In data (Operator k - 1) Out data (Operator k - 1) In data (Operator k + 1)
. J

Opez;or k 19



Zero-copy: transferring

SELECT col_1, col_2 + col_3 FROM table_1

20



Zero-copy: transferring
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Zero-copy: reads

Vector . Vector
(col1) (col2)

Header - conepxuTt ogcetsl Ha 6ygepbl BHYTpU
Record Batch

Layout 6ycpepa sHyTpu Record Batch Takoit xe
Kak U y Bektopa B namat (No-marshalling)

BbrnonHue mmap gpaiina ogpceTbl MOXHO
TpaHcnuposath B aapec bygepa B NamaTu

Mcnonb3ys aapeca 6ygpepos u3 Record Batch
Record Header Validity | Data | Validity | Data Record | Schema, MOXHO CO3AATb BEKTOp KOTOPbIN "cMOTpUT" Ha
Batch buffer | buffer | buffer | buffer | Batch |File layout AaHHbIE U3 arina

~
Record batch

'S
Random access file 22



Zero-copy: |IPC

Socket

Process 2

~~

Process 1 \

/

-+
Record Batches
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Zero-copy: |IPC

Record batch

Data header (layout, of fsets)

Data buffer

Data buffer

Data buffer

Data buffer

\:f

Record batch

Data header (layout, addresses)

TP

Data | Data | Data | Data | Data
Buffer Buffer Buffer Buffer Buffer

RS
Shared memory
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Zero-copy: |IPC

Process 1

Socket

+
Data headers

Shared memory

.
Data buffers

Process 2
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Arrow: What else?

Arrow Flight

Arrow Gandiva

Arrow Plazma

Arrow Execution Engine
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Arrow Flight

General-purpose client-server framework to
simplify high performance transport of large
datasets over network interfaces.

ListFlights

GetFlightInfo

Z Liszcﬁgp_s

 DoGet

~ DoPut

DoAction

Arrow Flight
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Arrow Flight

Simple Client-Server Execution Flow

e 5 &1 F ligh t Lnf o me———]
——FlightInfo————

— ~ DoGet S
Client Server

i [ [ [

“FlightData™
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Arrow Gandiva

LLVM-based Analytical Expression Compiler
for Apache Arrow
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Arrow Gandiva

Expression Tree

/ Vector X Vector Y | Vector Z

Expression 7

] Y Compute Kernel
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LLVM Compiler Vector |
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Arrow Plazma

High-Performance Shared-Memory Object Store
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Arrow Plazma

Pr‘ocess 1 Shared memory Pr‘ocess 2
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Arrow: Execution Engine

Scan lineitem |

Scan orders |

Filter | / Project | Scan Customers
J

9/ 70
\ oin '\ Aggregate \

A N \ L

_,,./(
e /
Filter

>

Arrow-native columnar streaming
execution engine

@

/ Werite to disk
(wmenaa) .



Conclusion

APACHE

ARROW

»

NpaeanbHO NoaXoauT ANst NOCTPOEHMUS aHANUTUYECKMX
LABUXKOB UCMONTHEHUS

NHCTpyMeHTbI ANns opraHmsaumm ahheKTUBHON NepechbIsiku
JAaHHbIX

NHcTpyMeHTbI Ansa noctpoeHus data transformation
nannnainHoB (ETL cueHapun)

Moanep>XuBaeTcsi BO MHOMMX si3blKax MporpaMMmupoBaHus
(Java, C++, Python, Ruby, etc)

McnonbayeTcss BO MHOMMX NOMNYAsipHbIX NpoaykTax (Spark,
Dremio, Cassandra, etc)

OTNMYHbBIN NOTeHLMaN ANs KacToMU3aumm Noj KOHKPEeTHble
cLeHapuu
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Apache Arrow. B noroHe 3a CKOpPOCTbIO

Questions
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