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Multilingual Data Analysis Applications

« Combine multiple programming languages for data analysis
o Can take the advantage of each language

 Can outperform monolingual implementations

E.g., Execution time of Kmeans applications

{ Data load H Preprocessing HModel Iearning]

' sum
Python [sec] 24 ' 84
Julia[sec] 12 [5] 51 ' 184

Ideal case [sec] 34 5 26 ' 65



Data Exchange in Multilingual Applications

* The in-memory object layout depends on each language

* Serialization/deserialization (S/D) is necessary for data exchange

Array (Python)

' Python
metadata

Data
pointer

0

|

# of dims

Pointer
to shape

Data array

etc.

—>» Serialization

—>» Deserialization

->
<

Common format of arrays

llarrayll

L i ntll

1

6

0

]

—>
(—

Array (Julia)

Julia
metadata

Data
pointer

0

1 ]=|5

# of
elements

# of dims

shape

etc.

Data array

metadata ... tags for garbage collection, etc.



Feather: Fast S/D Format

« S/D format for dataframes and tables (= collections of arrays)

 Feather holds in-memory layout of array as it is
v o Eliminates the copy of data arrays in deserialization

o Serialization copies data arrays

e.g., Comparison between CSV and Feather

Data array copied!!
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S/D is Time-consuming

* Array serialization degrades the total execution time

\4

Lower is better

Execution time [sec]

150 1

100 1

Ul
o

o Multilingual implementation can be rather slower than monolingual one!!

B data load

i (de)serialization

- Dataset size
-11.96 GB

. o - - 3M rows, 563 columns
Python Julia Multilingual Multiliungual _ Byte arrays are shared on memory

w/ Feather ideal

e.g., the execution time of the Kmeans application



Proposal: In-Memory Array Sharing

* Directly exchanges data arrays via shared memory
* Only S/D array metadata
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Implementation

« S/D modules for dataframe objects in Python and Julia

 Each array metadata contains:
o Type, number of dimensions, and shape of the array
- Path and offset to access shared memory

Common format of DataFrame
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Programming Model

import pandas
import in_memory_array_sharing as imas # proposal module

# Load dataset from CSV

df = pandas.read_csv(“/path/to/csv”, engine="“[mas csv”)
/\

Place deserialized arrays on shared memory

# Serialize dataframe

imas.dump(df, “/path/to/common_format”,[“julia”)
_——7

Specify Julia deserializes df

# Deserialize dataframe
df = imas.load(“/path/to/common_format”)

11



Evaluation

Experimental setup

« Compare with two criteria - T
° M ; CPU dual Intel® Xeon®) Gold 6330
ExeCUtlon time . DRAM DDR4 377 GB
o Scalability to data size CPython ver. 3.9.7
Julia ver. 1.6.2

Apahce Arrow ver. 10.0.1

: Feather Proposal
Targets { Python 1 { Julia 1 { (Python + Julia) 1 { (Python + Julia) 1

icati Linear
Evaluated applications T |
(referred from Kaggle notebooks) Reg ression




Execution Time

* Proposal achieves nearly ideal performance
o faster than Python/Julia/Feather by up to 56.3/83.0/43.6 %

Horizontal dashed line: ideal execution time
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Scalability to Data Size

* Proposal achieves higher scalability than the others
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Conclusion

» Multilingual applications can outperform monolingual ones
« Multilingual applications suffer from array S/D

* We propose in-memory array sharing for Python+Julia
o Only serialize and deserialize array metadata
o Copying data arrays can be eliminated

* The evaluation shows
- speedups by up to 56.3/83.0/40.8 % against Python/Julia/Feather
o higher scalability than the other implementations

* Our proposal would go well with Compute Express Link (CXL)
o Exchange arrays in CXL memory with in-memory array sharing
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