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[ CIO|E] AFO|RIE[AE XHE Al HRTE WX =2V ] [ CIO|E] AFO|RIE|AE ARESH= K] =22 ]
Top 10 Data Science Programming Language by % of Job Ads in which the What programming Ianguages do you use on a regular basis?

Language is Mentioned

etton - | &7

pytnon |, - -
so. | ¢ 3%
R 3%
Bash
C 11.3%
vatia [ -+ e
MATLAB - 10%
Hi - 13.8%
v TypeScript lglx.
C/C++ -7.4% Other - B
Pig -7.4% Nene | 1%
0% 20% 40% BO% 80% 100%

Percent of Respondents

1) https://towardsdatascience.com/team-r-or-team-python-2f8cf04310e6
2) https://businessoverbroadway.com/2020/06/29/usage-of-programming-languages-by-data-scientists-python-grows-while-r-weakens/
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1. Data Federation
CiFor QI8 HO|E| AAE ETL §10| SfLte| =AM A|AHRIOA] AL =

O Data Federation &2 112{ Al
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1. Data Federation
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1. Data Federation
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Sensor summary DB

Sensor
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Sensor Data

Sensor xml
FTP Server

? SAM File
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JDBC

Sensor
Management DB
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2G|0|Ef M2l /3 FAHOl Ho|E B XS
CHE 2 Clo|E] X2|S ¢lch Cloje 2 Est oAl

select a.o_orderkey, a.o_custkey 123 o_orderkey '} | 123 o_custkey ('} | =% partkey_arr 11| =% suppkey_arr 3| =% quantity_ar
: ::::zj:ggEEI:jspjgplffg)psauréfgéya_r;rr 1 3 123,314 {4297,29380,62143,183095,19( {1798,1883,9662,650,6540,3 {45.0,2.0,26.0,
, array_agg(b.|_quantity) quantity arr 2 66 129,200 {115118,173489,115118,173489, {7630,3490,7630,3490,7630, {31.0,41.0,31.0,
, array_agg(b.|_extendedprice) extendedprice_arr 3 70 64,340 {37131,55655,45734,196156,17 {2138,3171,743,1195,7361,914 {37.0,19.0,11.0,
, array_agg(b.|_tax) tax_arr a 97 21,061 {77699,77699,119477,119477,4! {5221,5221,1989,1989,2073,2 {19.0,19.0,13.0,
. array_agg(b.| linestatus) linestatus_arr 5 99 88910 {87114,108338,134082,123766, {4639,849,1622,3767,1622,3; {10.0,36.0,42.0
from ,:gr:iziggr(é);F:fgpdate) shipdate_arr 6 129 71134 {31373,168569,2867,39444,28' {8883,3602,5368,1948,5368 {24.0,1.0,46.0,
edu sch.lineitern b 7 130 36,964 {115635,128816,69130,1739,11€ {3169,8817,4143,4240,1861,8 {13.0,14.0,31.0,
where a.0_orderkey =b.| orderkey 8 131 92,749 {189021,44255,167505,167505, {1540,9264,22,22,1540,9264 {4.0,50.0,45.0,
group by a.o_orderkey 9 193 79,061 {153954,92638,93878,92638,1 {1500,5148,6388,5148,1500,¢ {15.0,9.0,23.0,¢
, 2.0_custkey 10 224 2,476 {189967,93857.166377,50010,1 {7522,8876,1410,7526,1120,1 {41.0,45.0,12.0
i 1230_custkey V§|123 partkey V}|123 suppkey V:|123 quantity V3| 123 extendedprice T} |123td
SELECT o_orderkey, o_custkey 1 3] 123,314 183,095 650 28 32,986.52
, unnest(partkey_arr) partkey 2 3 123,314 128,449 3,474 27 39,890.88
, unnest(suppkey_arr) suppkey 3 | 3 123,314 62,143 9,662 26 28,733.64
xl24s , unnest(quantity_arr) quantity rm 3 123,314 183,095 650 28 32,986.52
SEE Y| . . .
RowZ Xz} , unnest(extendedprice_arr) extendedprice 5 | 3 123,314 19,036 6,540 49 46,796.47
= , unnest(tax_arr) tax 6 3 123,314 29,380 1,883 2 2,618.76
, unnest(linestatus_arr) linestatus 7| 3 123,314 62,143 9,662 26 28,733.64
, unnest(shipdate_arr) shipdate s | 3 123,314 29,380 1,883 2 2,618.76
FROM ed _sch.orders lineitem 9 | 3 123,314 19,036 6,540 49 46,796.47
10 | 3 123,314 4,297 1,798 45 54,058.05

®
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8% -
Ca (Table + Index) uH= HEl @S
1795 @ 174 Y 1720 ¥ 6 M
FE 0|y 60 150 123,787
8 Ew Hlol= M O] 938 4,079 5,017 86,996,677
HA 1,027 4,139 5,167 88,231,464 3.7 sec
ZO AN £ 944 203 1,147 933,061 0.6 sec
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3. In-Database &4
=M 29 AlZF Et= (20217l Cell: 1 day = 20 minutes), Workflow 3 £t2| Point ZtA-2}

AS-IS 21t
* Single Local Machine, Python * Greenplum, PL/Container with Python
« =X} X2| (sequential processing) . [ o|E| HA Na|

(massively parallel processing)

=
. o 20 27} cell H2jof 1 Day 2o . 20 97 cell M2l A 2% 20 28
. :l_l :IE I::”E . o
source data in GPDB > Tray/CeILXp-grt e source data in GPDB v LjjO/E] O|F YUE
PythonS 2 2{0{2tA] v Llo/H HTE2 &S
wide-format2 2 X X3} v BAE X2/
Workflow ° H Zk(interpolation)
o= H7t =XIM2 2
. long-format2 2 X1 =3}
£2| Point 2
X|Zd0 oYU 2 export
Final table in GPDB |« x|FZ 1 utY=S DBE insert Final table in GPDB
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3. In-Database &

In-Database L{O{|A{ ML/DLS £t

I HH ML/AIE $138t PL/python Of|A|
CREATE OR REPLACE FUNCTION rf predict plpy

pl/Python, pl/R GiA|

I HE ML/AIE $IEt PL/R O A|
CREATE OR REPLACE FUNCTION rf predict plr

(id arr int[], y_arr float8[], x1_arr float8[], x2_arr float8[]) id int[], y float8[], x1 float8[], x2 float8[])

RETURNS rf predict type AS
$S

== import numpy as np

Zyz?on from sklearn.ensemble import RandomForestRegressor
i id = np.array(id_arr).T
y = np.array([y_arr]).T
X = np.array([xl_arr, x2 arr]).T
rf regr = RandomForestRegressor (max depth = 2,
max features = "auto",
n_estimators = 200,
random state = 1004)
rf regr model = rf regr.fit (X, y)
y _pred = rf regr model.predict (X)
— return {'id': id, 's_weight predicted': y pred}
58
LANGUAGE 'plpythonu';
SELECT gender, UNNEST (id) AS id,
UNNEST (s_weight predicted) AS s _weight predicted
FROM (
Python SELECT genéer, .
é&%? (rf_predict plpy(id _arr, y arr, xl1 arr, x2 arr)).*
o e FROM abalone_array
2= GROUP BY gender

) a
ORDER BY id;

mwa re® Confidential | ©2022 VMware, Inc.

GreenplumOllA] ZF HIO|E| LEH=Z HA Xg|

RETURNS SETOF rf predict_type AS
$$
R library (randomForest)
==
= ml<- randomForest(y ~ xl1 + x2)
temp ml<- data.frame(id, predict(ml))
return (temp ml)
$$
LANGUAGE 'plr';
«\19,77,0
/e
SELECT gender, UNNEST (id) AS id,
UNNEST (s_weight predicted) AS s_weight_predicted
FROM (
SELECT gender,
R %I'-?—E (rf_predict plr(id_arr, y arr, xl1 _arr, x2 arr)).*
= FROM abalone array

GROUP BY gender
) a
ORDER BY id;

20




3. In-Database &Ad

Train (0|=F 22 4d)
madlib. linregr_train( 'houses’,
'houses_linregr_bedroom',
‘price’,

'ARRAY [1, tax, bath, size]',
'bedroom’

Predict M2 HIO|HE 0|5 2E M &)
houses_test.*,

madlib. linregr_predict( model.coef,
ARRAY [1, tax, bath,size]

) predicted_price
houses_test, houses_linregr_bedroom models
houses_test.bedroom = model.bedroom;

®
mwa re Confidential | ©2022 VMware, Inc. 21



3. In-Database &
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VMware Tanzu Greenplum
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Data Federation

Greenplum Platform Extension Framework(PXF) - Hadoop % 2|8 24 AF
Crefot @2 A|ABQ| H|O[E &~AF Greenpluml =z HIA[ HE M7t X2l &[0 Bfo= Mo d&/44 X J

I Greenplum PXF 8 & HH IGreeanum — Hadoop H|O|E{ ¥ O}7|Hl K
* Readable / Writable External Table 4d 7=
* Profile 888 &% Hive, HDFS, S3, Object Storage, JDBC &2 Greenpluny ) h@g@@@ﬁ

* Parquet, Avro, Text, CSV, Image & CtYor ot =B AZA X[

I External Table A2 0f

CREATE EXTERNAL TABLE ext_hive_sample (

-- column definitions)
LOCATION('pxf://gp_poc.CELL_RSDN?PROFILE=hive&Server=hadoop’)
FORMAT 'CUSTOM' (formatter="pxfwritable_import’);

CREATE EXTERNAL TABLE ext_hdfs_read_sample (

-- column definitions )
LOCATION( pxf://user/gp/hdfs_cell_rsdn/?PROFILE=hdfs&server=hadoop’)
FORMAT ‘TEXT' (delimiter=",");

CREATE WRITABLE EXTERNAL TABLE ext_hdfs_write_sample (

-- column definitions )
LOCATION('pxf://user/gp/hdfs_cell_rsdn/?PROFILE=hdfs&server=hadoop’)
FORMAT ‘TEXT' (delimiter=",");

:

mwa re® Confidential | ©2022 VMware, Inc.
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Data Federation

ole AAHECERRE 2 1% HojF H

Greenplum?®| Platform Extension Framework(PXF)& O|8 o] 8t A|AEITIO| HEIHO|E Ma /4
Greenplum@| = E7F ZIISIH £271 O 2FA

I HadoopOlA Greenplum XXl A|Zt

A
[

Hive ORC hiveorc_data

I Hadoop HiveORC |O|E{2} Greenplum Internal Table =

47 A 260 GB

ol AQA

NIPSEE

N

GO E Size

== & mp) | M AT H|

Hive ot

ORC | 38527271 1,498 17 sec | 2.2 #48t7/sec

FiEXFtS 38,527,271 | 10,068 11 sec | 3.5 #4BH2/sec
Ms HAE 3+

2 Greenplum A| A&

- Master Node: 1 EA, Data (Segment) Node: 4 EA
) Hadoop A|2H

- Name Node: 2 EA, Data (Worker) Node: 8 EA
- Greenplum - Hadoop Connector

- Greenplum Platform Extension Framework (PXF)

- Greenplum@| =& 7| X|, HE Interface XS
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28 A2k 3 sec | Hive 34 HIO|E &
2ot d60 A |12 HHE
Greenplum | gpdb_tb 4,000 1 MB o d 2 25
External Table & Internal Table Z=¢I PXF Filter Pushdown
Greenplum HiveORC

Select count(*)

From gpdb_tb g,
ext_hiveorc_data h

Where g.key = h.key

And hdt = 20190530

Greenplum
DB

External Table

Hadoop o
rc

Greenplum DBOj| A
HiveORC Z=3|

- PXFO| A& filter pushdown 7|s K&

- 2|2 HIOJE &

29| H|OJE HE H&

ASAl 22 A L9 B25) 2

g}




Data Federation

ols/RBHE AECX| § 2= AELO|A HSF

o

rin

Kafka Server GPSS (Greenplum Stream Server)

Al '8 2 HIolE Xz2| X|&

Realtime
ODS

VMware Tanzu Greenplum

Realtime Table
(Code,

Dashboard, etc)

Map Reduce

42 =7

Cold Data X%t

External
Table

Applications ======
? H History <

I <

v ¥ Data <

Legacy System
ETL (3" Party)
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Hilgd, g2a{dS fls
HlolE] S8 @17, B

P T TensorFlow T TensorFlow T TensorFlow T TensorFlow ﬂ/ £/ Ef L/ il' = U AT 07’ == _’O_/ oF
/ \VMware Tanzu PUthon B keras _==E_’ PUthON PR Keras _ask PUthon B keras _==E_’ PUthon B keras ,ast, 5;7/7/5[- [#O/Ei ,(fO/lo_fi

\/ renIu : (@ EEEIib docker | | @ EEE"hdocker @ MEE"" docker @ EEE'"’ docker ZZ 7848 2

&g Z4 Ojjo/E X, HL =3

I

Greenplum Platform Extension Framework (PXF) "@ A* LO/Ef 2fjojF o} 1= HE HE

mazon S3
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Halg{d '-'-'E-|'—|3

SQL ML/DL=

2|t In-D

Greenplum?| &

SUPERVISED LEARNING
Neural Networks
Support Vector Machines (SVM)
Conditional Random Field (CRF)
Regression Models

* Clustered Variance

» Cox-Proportional Hazards Regression

« Elastic Net Regularization

* Generalized Linear Models

* Linear Regression

* Logistic Regression

* Marginal Effects

« Multinomial Regression

« Nai“ve Bayes

« Ordinal Regression

* Robust Variance
Tree Methods

* Decision Tree

» Random Forest

2|st MADIib M & ng|S

=
- SQL 7|Hto| ¢ ='x1a| In-DB M 42|

UNSUPERVISED LEARNING

Association Rules (Apriori) Clustering (k-
Means)

Principal Component Analysis (PCA) Topic
Modelling (Latent Dirichlet Allocation)

mwa re® Confidential | ©2022 VMware, Inc.
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DEEP LEARNING

Keras Fit/Evaluate/Predict Load Model
Architectures Preprocessor for Images
Parallel Image Loading

R

| OF7| S X0 2|5/ 0f MK HED A

. = - ol FB=A = @
M lib . soLoEmojaoy s2ste
n Apache0| X| _CI)_l E | HHI Ol _LLEX‘" =
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