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What is Groovy?

Its [ike a super version of Java.

« Supports most Java syntax but allows
simpler syntax for many constructs

» Supports all Java libraries but
provides many extensions and its
own proauctivity libraries

« Has both a static and dynamic nature
« Extensible language and tooling




Groovy as 3 It's so easy
Java superset * to learn!

Groovy has a low learning curve, particularly for Java developers




Groovy is Java's friend

Seamless integration

- IDEs provide cross-language compile,
navigation, and refactoring

Arbitrarily mix source language
Drop-in replace any class
Overloaded methods
Syntax alignment

Shared data types

] Cross IDE Su
~ 17
Class Substitution ' -/
&
Y




Java-like or concise shortcuts

__________________________________________________________________________________________________

. import java.util.List;
i import java.util.Arraylist;

' class Main {
' private List keepShorterThan(List strings, int length) {
List result = new ArraylList();
for (int i = 9; i < strings.size(); i++) {

____________________________________________________________________________________________

String s = (String) strings.get(i); i I T nooon nooon "o "
'f (s length() < length) { Enar!les = ["Ted", "Fred", "Jed", "Ned"]
result.add(s); iprlntln names
} ' shortNames = names.findAll{ it.size() < 4 }
) . println shortNames.size()
return result;

} ' shortNames.each{ println it }

____________________________________________________________________________________________

public static void main(String[] args) {

List names = new Arraylist();

names.add("Ted"); names.add("Fred");

names.add("Jed"); names.add("Ned");

System.out.println(names);

Main m = new Main();

List shortNames = m.keepShorterThan(names, 4);

System.out.println(shortNames.size());

for (int i = ©; i < shortNames.size(); i++) {
String s = (String) shortNames.get(i);
System.out.println(s);




Conase syntax including DSL friendly

__________________________________________________________________________________________________

____________________________________________________________________________________________

‘names = ["Ted", "Fred", "Jed", "Ned"]

. println names

- shortNames = names.findAll{ it.size() < 4 }
. println shortNames.size()

' shortNames.each{ println it }

____________________________________________________________________________________________

______________________________________________________________________________________________________________

' given the names "Ted", "Fred", "Jed" and "Ned" A
~display all the names 2
' display the number of names having size less than 4
' display the names having size less than 4

______________________________________________________________________________________________________________




Metaprogramming

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

if (getClass() != sbj.getClas=())
return falae; !
Person other = (Person) obj; i

if (first == null) { G FOOVV'S

' public final class Person { z If ==a |

! private final String first; '=' @verride

private final String last; (( : public boolean equals(Object obj) { !

=25 : if (this == obj) :

; . |

public String getFirst() { — ! " (r‘:‘f“"" tr::i :

| . C if (obj == nu i

i ) return first; Java I retarn false: i
' :
)

| public String getlLast() {
return last;

} if (other.first != null) : .
et false: ' m m m
@0verride } else i: (l;::r-s:-::uals(n‘l‘her:First}} E Etaprogra Ing

public int hashCoede() { ‘ return falsaj

[ final int prime = 31; if (last == null) { E Capabi"ties

int result = 1; if (other.last != null)
result = prime * result + ((first == null)

; ? @ : first.hashCode()); } else if (!last.equals(other.last)) : BIIOW CUmplex

result = prime * result + ((last == null) return false;

|
]
? @ : last.hashCode()); E } PR .y i dESlgn patterns
|
E

return false;

return result;
) goverride | - to be encapsulated
public String toString() { :

public Person(String first, String last) { return "Person(first:" + first :
! this.first = first;

+ " last:™ & last + ")": : Within Simple
this.last = last; ! } :
, bollerplate :  constructs.

E@Immutable class Person { ;
String first, last '

}

e e T B R A e i e i, o e i A B e S o e e e S e e




Matrix manipulation example # APACHE
com S .=
nport org.apache. commans maths Linear 5, T [ Math]

i public class MatrixMain {
public static void main(String[] args) {
double[][] matrixData = { {1d,2d,3d}, {2d,5d,3d}};
RealMatrix m = MatrixUtils.createRealMatrix(matrixData);

double[][] matrixData2 = { {1d,2d}, {2d,5d}, {1d, 7d}};
RealMatrix n = new Array2DRowRealMatrix(matrixData2);

RealMatrix o = m.multiply(n);

// Invert p, using LU decomposition
RealMatrix oInverse = new LUDecomposition(o).getSolver().getInverse();

RealMatrix p = oInverse.scalarAdd(1d).scalarMultiply(2d);

RealMatrix q = o.add(p.power(2));

System.out.println(q);

Array2DRowRealMatrix{{15.1379501385,40.488531856},{21.4354570637,59.5951246537}}



Operator overloading and extensible tools

@ GroovyConsole — O P
File Edit View History 5Script Help
DEEH e LDty € £ X| 4

def m = [[1ld, 2d, 3d], [2d,5d, 3d]] as Matrix
def n = [[1d,2d], [2d,5d], [1ld,7d]] as Matrix
def o = m * n

def p = (~0 + 1) * 2

o+ p ** 2 1&£Er.

15.137950138504156 40.48853185595568)

L B e Y

_ (21.43545706371191 59.59512465373961
Fesult:

Execution complete. 5:11




™

groovyConsole

@ GroovyConsole — O X

g
OPEN

<

File Edit View History Script Help
EBEEH|oe|sd hD|n er|LX|d

1l @Grab('org.apache.opennlp:opennlp-tools:1.%.0")

Z import opennlp.tools.langdetect.?*

3

4 u = '"http://apache.forsale.plus/opennlp/models/langdetect/1.8.3/langdetect-183.bin’
5 d = new LanguageDetectorME (new LanguageDetectorModel (new URL (u) ))

5 a 'Bienvenue a Paris'

7 b = "Velkommen til Eebenhavn'

8

9 assert d.predictlLanguage(a).lang == d.predictLanguage (b) .lang

Exception thrown

Assertion failed:

[ | | | | [ |
| | 'dan'
| | '"Velkommen til Esbenhawvn'

assert d.predictlLanguage (a).lang == d.predictLanguage(b).lang
|
| "fra'| |
| I
| | | dan (0.024727160814654276)
|
|

| opennlp.tools.langdetect.LanguageDetectorME@232a5780

|
|
|
|
| false
|

'Bienvenue a Paris'

fra (0.018630393459062138)
opennlp.tools.langdetect. LanguageDetectorMER232a5780

at ConscleScriptlZ.run(ConsocoleScriptl2:9)

Execution terminated with exception. | 9:62

showing @Grab, power asserts and natural language processing




REPL for Groovy (groovysh)

paulk@pop-os: ~

:-$ groovysh
(3.0.0-beta-1, JVM: 12.0.1)
"sthelp' or ':h' for help.

groovy:000> :grab com.mitchtalmadge:ascii-data:1.4.0

groovy:000> 1mport com.mitchtalmadge.asclidata.graph.ASCIIGraph as Graph

===> com.mitchtalmadge.asciidata.graph.ASCIIGraph as Graph

groovy:000> double[] sinwave() { (0..<60).collect{ Math.sin(it = ((Math.PI = 4) / 608)) } }

===> true

groovy:000> println Graph.fromSeries(sinWave( )).withNumRows(15).plot()
.99 -
.85
e S
TS
43 1
2 B
.14 A
i s
a4
.28 1
« 43
LA
add

groovy:000> [

The groovysh REPL is where you can program interactively.




Command chains and extensible type system

. cranes have 2 legs
' tortoises have 4 legs

Ethere are 7 animals
' there are 20 legs

Edisplay solution

Cranes 4
Tortoises 3

Text file? No it's a statically typed Groovy program which
won’t compile if the animal names aren’t valid.
A constraint programming solver is used to find the solution.




Command chains and extensible type system

' cranes have 2 legs

' tortoises have 4 legs |
'millipedes have 1000 legs
Ethere are 8 animals :
' there are 1020 legs

édisplay solution

Rz i FETTTTITIT,
7 |

Cranes 4
Tortoises 3
Millipedes 1




Groovy frameworks plus entire Java ecosystem

CGRAILS MRSradle @GRIFFON
Nors T/ Retpack @

Ve ACﬁl-lEl-‘l'f‘\ﬁc Jupyter UBeakerX

eeeeeeeeeeeeeeeeee

@ Jenkins

Rich ecosystem. MEWORK




Groovy frameworks plus entire Java ecosystem

class MathSpec extends Specification {
def "maximum of two numbers"() {
expect:
Math.max(a, b) == c

ER ‘ wom(




Groovy frameworks plus entire Java ecosystem

plugins {
e
}

repositories {
jcenter()

}

dependencies {
implementation

testImplementation

}




Groovy frameworks plus entire Java ecosystem

Data Parallelism:

W a < Cork/Join Fixed coordination
Map/Reduce (for collections)

Actors Explicit coordination

Safe Agents Delegated coordination

Dataflow Implicit coordination




Data Science Process




Data Science Process

Graphics
processing

Deployment

Data processing
platforms

Modeling
algorithms

libraries

Integration

Data
ingestion

Data
storage




Libraries/Tools/Frameworks for Data Science - R

COMMITS CONTRIBUTORS FEATURES
COMMITS CONTRIBUTORS FEATURES
powerful library for data wrangling " -
@ dplyr 136 - works with local data frames and remote database tables = + transparent tool for easy dynamic report generation in R )

« precise and simple command syntax g + enables integration of R code into LaTeX, LyX, HTML, Markdown, AsciiDac, and
. 2 reStructuredText documents
- w
g ' qui(k_aggrggalion of large darg ) ) o o :
< data.table 43 + laconic flexible syntax and a wide suite of useful functions A * next generation impl ementation of Rt Markdown based on pandoc
] « friendly file reader and parallel file writer 2 + many static and dynamic output formats
z S + abilities to define new formats for custom publishing requirements
z lbridat - a set of functions to work with date and time format 2
< ubridate 1427 45 + easy and fast parsing of date-time data g = : .
b ; . : ;i generates reproducible htmiS slides from r markdown
a el el il ) i Shdppy -a IIJ:N'\rrsI emhedd;_d code chunks and mathematical formulas

+ rich sharing and customizing opportunities
) . + robust and quick parsing JSON objectsin R 9 39pP
jsonlite Q908 1 + great tool for interacting with web APls and building pipelines
+ functions to stream, validate, and prettify JSON data ) o ) ) ) .
mlr « extensible framework for classification, regression, survival analysis, and clustering
« pasy extension mechanism through 53 inheritance
+ powerful implementation of the grammar of graphics visualization
133 + developed static graphics system dink « implementation of the Gradient Boosted Decision Traes algorithm
o « takes care of plot specifications XGBoost 7 - reach tools for regression, dlassification, and ranking problems
< - high speed and performance
& A + abilities to visualize correlation matrices and confidence intervals
o rrplo + tontains algorithms to do matrix reordering ) = :
1%} N + N r4
Y . flexible appearance details settings £ e o + many models for classification and regression
é i ’ E caret : = + powerful tools and algorithms for creating predictive models
o
= X + high-level visualization system E
lattice 132 » emphasis on multivariate data . H - represents Generalized Boosted Regression Models
+ efficiently copes with nonstandard requirements % gbm 731 76 « includes plenty of regression methods
z + tools variable selection and final stage precision modeling
i  web e olos o ol Ealtins R Ot e e
g Bt : 20 « manages da has multiple seasonality with li 1-linear growth
plotly < ailities 4 maks guploE2 grephics Intesactive Prophet 19C 2C manages data that has multiple seasonality with linear or non-linear growt

+ robust to missing data, shifts in the trend, and large outliers

+ implementation of an interactive grammar of graphic + implements Breiman's random forest algorithm for classification and regression

n 2

vis i i i ; - ! : ke : e Ao
] 9 » Incorporates shiny reactive programming model and dplyr grammar of data transformation randomforest + builds multiple decision trees and gives back the mean prediction of the individual trees
o
2
F + displays R matrices and data frames as interactive HTML tables Updated: December 2017 Created by ActiveWizards
£ DataTables ) + creates sortable tables with a minimum of code

+ many useful features and styling options for tables
ﬁ + interactive JS charts from R
rCharts + tools for creation, customization, and sharing

Source: https://www.kdnuggets.com/2018/05/top-20-r-libraries-data-science-2018.html
|



Libraries/Tools/Frameworks for Data Science - Python

Commits

40,000

30,000

20,000

15,000

10,000

7,000

5.000

4,000

3,000

plotly.py

50

100

Top 10 Data Science Libraries
by GitHub Contributors, Commits and Size (size of the circle)

StatsModels

150

Matplotlib
SciPy . .
. NumPy
Sokenh pandas
Scrapy
Gensim
200 300 400 500 700 1,000 1.5C0 2,000

Contributors

Source: https://www.kdnuggets.com/2018/11/top-python-data-science-libraries.html




Obtain data

Identify sources
Internal/External (data providers)

Databases, files, events, IoT
Unstructured/structured

Text, XML, JSON, YAML,
CSV/spreadsheets, audio,
images, video, web services

Apache Tika
JExcel
Apache POI

Clarify ownership
Check quality

def jsonSlurper = new JsonSlurper()

def object = jsonSlurper.parseText('{ "myList": [4, 8, 15, 16, 23, 42] }’)
assert object instanceof Map

assert object.myList instanceof List

assert object.myList == [4, 8, 15, 16, 23, 42]

def response = new XmlSlurper().parseText(books)
def authorResult = response.value.books.book[@].author
assert authorResult.text() == 'Miguel de Cervantes'

def qry = 'SELECT * FROM Author’

assert sql.rows(gry, 1, 3)*.firstname == ['Dierk', 'Paul', 'Guillaume’]
assert sql.rows(gry, 4, 3)*.firstname == ['Hamlet', 'Cedric', 'Erik’]
assert sql.rows(qgry, 7, 3)*.firstname == ['Jon']



Data preparation

Collections:
e Java: lists, maps, sets
 Groovy: literal notation, GDK methods, GPath

e Libraries
 Google Guava https://github.com/google/guava
« Apache Common Collections https://commons.apache.org/collections/

DataFrames:

®* Joinery https://cardillo.github.io/joinery/
A data frame implementation in the spirit of Pandas or R data frames with show/plot

®* Tablesaw https://jtablesaw.github.io/tablesaw/
Java dataframe and visualization library

®* Apache Spark DataFrames https://spark.apache.org/docs/latest/sqgl-programming-guide.html
Equivalent to a table in a relational database or a data frame in R/Python

* Paleo https://github.com/netzwerg/paleo
Immutable Java 8 data frames with typed columns (including primitives)




Data exploration - DEX

Dex

Dex : The data explorer is a powerful tool for data science. It is written in Groovy and Java on top of JavaFX and offers the

ability to:

M sin
B cos

=
e ~
2 8 5
S & 3
(VI g
® . ‘\}/‘,
s
- Jenny
- 77
*
C %
|
v o)

e Read in data from a variety of sources such files, programs and a variety of databases.

e Transform the data in a powerful ways.

e Apply powerful machine learning to the data via SMILE and R integration.

e Visualize the data in over 50 distinct ways.

e Output the data to a variety of databases and file formats.

e Extend Dex from within via templates and internal scripting. Save the extensions to reuse later.

B Data Explarer
File Ogtons Help

* il Databaze
+ Creste Jdbe Tabie
& Query Idhe
» (1 info
* ¥ input
C Fila Input
Jar Inspector
I Multi File Input
| Read CSW
7 Tewt Input
» & Cutput
G Programming
@ Groovy Scnpt
# Jython Script
B ps5 Script
@ B Saript
ZITMI Script
* [ Table Manipuiation
* & Utilities
B Data Recorder
@ Cocumentation
" Environment
#' Execute Frocess
T Groowy Filter
8 Group
= View Data

* [ Visuzlization

Filerame: . UnsavedPropect.dex

=
uﬁoogle

[IFite tnput

Enable All Dizable Al

Mokowa 183

Pl 151

Fcinania 144

Uheaine 3.9

Andoera 338




Data exploration - Weka ., N J—

File Edit View History Script Help

L XX ik Expiore thﬂEIDcI#@hl.%IEDIBX
| Prepr MTMTMTWMIM] Turve TC ECTCUr Ve eV PreurctIunsty ) ; IT)
- = 25 fpr = curve.attributeToDoubleArray(curve.attribute("False Positive Rate”).index()) o
26 tpr = curve.attributeToDoubleArray(curve.attribute("True Positive Rate").index())
27 plotdata.addSeries(
28 data.classAttribute().value(it)
29 + " [AUC: " + ThresholdCurve.getROCArea(curve) + "1",
30 [fpr, tpr] as double[][])
33 )
32
33 plot = ChartFactory.createXYLineChart(
34 “ROC - NB on " + data.relationName(),
35 "False Positive Rate", “True Positive Rate",
36 plotdata, PlotOrientation.VERTICAL, true, true, true) :
v
=) viuakee A | & Weka - oIEN
ROC - NB on balance-scale
1.08
1.00
0.95
0.0
e, 0.85
' ol 0.80
=] e 07s

Executior 0.70

U
£ oes
X 060
& Weka GUI Chooser — O X 0=
o 0,50
Program Visualization EJeE 50.45 :
£ 040

0.35
0.30
0.25
020
0.15
0.10
0,05

4 Groovy console Ctrl+G

 rncome = o |

0,00
0.00 0.05 0,10 0.15 0,20 0,25 0,30 0.35 0.40 0.45 0,50 0,55 0.60 0.65 0.70 0.75 0.80 0.85 0,90 0,55 1.00 1,05
Warkbench False Positive Rate

- b r 1 I—L [AUC: 0.9924476590834158] — B [AUC: 0,7191043083900227] — R [AUC: 0.9927979723046488]'

More info: https://www.youtube.com/watch?v=7quZv6WCTQc
|



Visualization
* Open-Source plotting libraries:
GRAL, JFreeChart, Xchart, JMathPlot, Jzy3d, JavaFX, GroovyFX

* Types: Scatter plot, Line plot, Area plot, Pie plot, Donut plot, Horizontal bars, Vertical

bars, Bubble plot, Radar plot, Box plot, Raster plot, Contour plot, Gauge plot, Step
plot, Gantt plot, Histogram

* Features: Multiple axes, Logarithmic axes, Line smoothing, Data filtering/aggregation

C/C++ =175




Notebooks supporting Groovy

* Jupyter/beakerx
* Apache Zeppelin
* GroovylLab

* Seco

In [26]: | def plot = new CategoryPlot{initWidth: 580, initHeight: 4@@,
title: '"Bar Chart Demo”,
xLabel: "Alkali", ylLabel: “Temperature ® Celcius”,
categoryNames: [ "Lithium”, “Sodium", 'Potassium”, "Rubidium”])
def s1 = [[1@, 15, 13, 7], [22, 18, 28, 17]]
def high = [[12.4, 19.5, 15.1, 8.2}, [24.3, 23.3, 3e.1, 18.2]]
def low = [[7.6, 18.5, 18.9, 5.8], [19.7, 12.7, 25.9, 15.8]]
def color = [new Color(247, 158, 78), Color.orange, new Color({155, 187, 89)]
plot << new CategoryBars{value: s1, color: color, seriesMames: ["Solid", "Liguid’])
plot == new CategoryStems{value: high, base: low, coler: color[Z])
plot <= new CategoryPoints(value: high, eutlineColor: ecolor[2], size:12)
plot << new CategoryPoints(value: low, outlineColor: color[2], size:12)

Bar Chart Demo
30 - :
= Al
i W solid
= [ ] - # m Liguid
{1}
i ] | fai|
E 1
] 20 m B
T B
& I
% s & »
bF)
£ L .
= 10
L
54
Lithium Sodium Potassium Rubidium
Alkali

X o+

C @ localhostBEARMmotebooks/beakeiplay Untitledipynb

: jupytef Untitled Last Checkpoint: Yesterday at 14:01 (unsaved changes)

Filg Edit Wigw Insert Call Kameal Mavigate Widgets Help

B+ | B 4+ | WRun B C M| code v R =4

In [1]: | // generate & random walk
steps = 168068
random = new Random()
def walk{ssize) {
def cur = .8
def x =[]
def y = []
for (i in 6. .steps) {
y[1] = cur
xfi] = 1
cur += random.nextGaussian() * ssize

return [x:x, yiy]

/¢ now x is time for the x-axis, and y is the random variable
beer = walk({18)

whiskey = walk(188)

OutputCell.HIDDEN

In [2]: p = new TimePlot(title: "Drunken Sailor Walks", showLegend: true, lodThreshold:

p << new Line(x:beer.x, y:ibeer.y, displayName: Beer Walk")
p == new Line(x:whiskey.x, y:whiskey.y, displayName:"Whiskey Walk")

Drunken Sailor Walks

5,000

-2,500

-3,000

-7.500

-10,000

00:-00.000 00:06.000

00:10.000

2068)

Wooan
# W Beer Walk river =
¥ Whiskey Walke [lver =

Logout

| Graowy ©




Notebooks supporting Groovy

* Jupyter/beakerx What is Apache Zeppelin?
& Zeppelin  Howbooh - qm

° Apache Zeppe”n — Multi-purpose notebook which supports Bank - smsean - o moa

raniar Under age < 35

20+ language backends . ik

° GroovyLab i | [ o S

2 Data Ingestion g T a1
* Seco 3 |/ -
® Data Discovery ‘ il 2 I o
/ Data Analytics A% '::___.||I

@ Data Visualization & Collaboration

R Litsormetiorksiasmichwetest | S pgrammer's e ditor — =
I Groovy compiler [(—‘ = s - —
Nosceow  Eoh eimar Todli fumird mndoe  lems File Completion Java Threads Application |.';_5: |.1'&|i%,|]-9‘|&.=-'.|'_ul_' |pNGiij| BMpIEp5| FDF |_ !]f
EEEICRN A0 = | Go To Line: || Find Next || Find previous| ] Rel
GroovySci domain T def A — rand(10, 3) =l
[oome] RSt sanices dsominswing) specific language . 5 def B =1ill{10, 3, 1.0) y
1l LE 3 defC=A+B
: a l 1 defD=A-2.0
JSON Swings | [ Java compiler 5 s A A
W [fee s s b e e ¢ def F = rand(3, 3)
Sl {inios gy in tas seping ieng e | Groovy shell } 3 7 defG =F**(-1) ]
mna:!:wue.:-mn. i l - g printin A b e S
ot rafra J - 9 plotiA, "SCATTER of A") \\ S o=l
5 1 E" 10 plot(E, "SCATTER of E") 4
e - || o Ve, el Dy ' Integrated Java libraries g 11 plot(G, "SCATTER of G") ‘\ ““\‘a.,
1l for graphics and S % N
Here is the list of all participants and their age. K . : =
numerical analysis = = N
tablp = new [Tabkomooe)
" ore’” Tos" =] b
w32 ] N
e E
i | Toolboxes of class code g——f = N
i 1] LY
W N
T ——T - =) 0.3565 0.6114 0.1603 \
Application specific e
- 4
wizards
I Import wizard I(—) X
Computer algebra
subsystem
.scan'rmnm lSCA‘ITERofE 'sumta of G |




Data preparation

I0:
e Java in-built
 Groovy enhancements

e Libraries
« Apache Commons IO https://commons.apache.org/io/
« AOL Cyclops-React https://github.com/aol/cyclops-react

Web scraping:

- GEB

Batch processing/ETL.:

 Spring Batch http://projects.spring.io/spring-batch/
 Apache Camel

e Apache Gobblin




Math libraries

Math and stats libraries
e Java: log, exp, other basic methods.
Libraries:

« Apache Commons Math http://commons.apache.org/math/
statistics, optimization, and linear algebra

 Apache Mahout http://mahout.apache.org/
linear algebra, plus distributed linear algebra and machine learning

* JBlas http://jblas.org/ optimized and very fast linear algebra package
that uses the BLAS library

Also, many of the machine learning libraries come with some math
functionality, often linear algebra, stats, and optimization.




Data StO I‘age import com.gmongo.GMongo

def db = new GMongo().getDB('athletes')

Database: db.athletes.drop()
, db.athletes << [
® Java S JDBC first: 'Paul’,
last: 'Tergat', dob: '1969-06-17',
° Groovy IDBC enhancements runs: [[distance: 42195, time: 2 * 60 * 60 + 4 * 60 + 55,
venue: 'Berlin', when: '2003-09-28°]]
and Datasets ]
¢ Other NOSQL println "World records following $marathon3.venue $marathon3.when:"
def t = new Traversal()
ApaChe Cassandra for (Path p in t.description().breadthFirst().
relationships(MyRelationshipTypes.supercedes).
¢ MongODB evaluator(Evaluators.fromDepth(1)).
uniqueness(Uniqueness.NONE).
° ApaChe COUChDB traverse(marathon3)) {
: def newRecord = p.endNode()
* Pdfﬂ()‘*] println "$newRecord.venue $newRecord.when"
}

Graph g = new Neo4jGraph(graphDb)

def pretty = { it.collect { "$it.venue $it.when" }.join(', ') }
def results = []

g.V('venue', 'London').fill(results)

println 'London world records: ' + pretty(results)

results = []

g.V('venue', 'London').in('supercedes').fill(results)
println 'World records after London: ' + pretty(results)



Machine learning and data mining

Machine learning and data mining libraries:
« Weka http://www.cs.waikato.ac.nz/ml/weka/

 JavaML http://java-ml.sourceforge.net/
old and reliable ML library but not actively updated

 Smile http://haifengl.github.io/smile/
ML library under active development

 JSAT https://github.com/EdwardRaff/JSAT
contains many machine learning algorithms

« H20 http://www.h20.ai/
distributed Java ML framework also supports Scala, R and Python

« Apache Mahout http://mahout.apache.org/
distributed linear algebra framework

« Apache Spark ml and mllib

https://github.com/apache/spark/tree/master/examples/src/main/java/org/apache/spark/examples




Neural networks and text processing

Neural networks:
 Encog http://www.heatonresearch.com/encog/

 Deeplearning4j http://deeplearning4j.org/
natively supports Keras models

Text processing
 Java: StringTokenizer, the java.text package, regular expressions
 Groovy: Regex enhancements, templates, String enhancements

 Libraries:
 Apache Lucene https://lucene.apache.org/
Stanford CoreNLP http://stanfordnlp.github.io/CoreNLP/
Apache OpenNLP https://opennlp.apache.org/
LingPipe http://alias-i.com/lingpipe/
GATE https://gate.ac.uk/
MALLET http://mallet.cs.umass.edu/
 Smile http://haifengl.github.io/smile/



Scaling up

Microservice frameworks: Qe
* Micronaut SEESIMICRONAUT

Distributed data processing:

 Apache Hadoop

 Apache Spark

« Apache Flink [ 1

« Apache Samza T ERoEe - @ GOS%M

« Apache Kafka Ly e g e B0 o | e
 Apache Storm © . '3
* Apache Apex N — -

« Apache Beam 7 .
 Apache Ignite ‘ - o
 Apache Nifi




Data Science Algorithms
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Deep Belief Networks (DEN)
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Logistic Regression /

Source: Jason Brownlee, https://machinelearningmastery.com/master-machine-learning-algorithms/

. Linear Discriminant Analysis (LDA)
k-Nearest Meighbour (kNN)

Learning Vector Quantization (LVQ)

: Self-Organizing Map (SOM)

4

' Locally Weighted Learning (LWL)
k-Means

'
\ {
. Instance Based |-
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\ o ) [ k-Medians
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—{Q _ Expectation Maximization
|
!

Hierarchical Clustering




Data Science Algorithms
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House price predictions

Dataset id
date
House Sales in King County, USA orice
Predict house price using regression
bedrooms
'&f harlfoxem: « updated 3 years ago (Version 1) bathrooms
sqft_living
& Usability 8.8
o . , sqft_lot
Zl& License CCO: Public Domain
% Tags finance, home floors
waterfront
view
Description .
condition
This dataset contains house sale prices for King County, which includes Seattle. It includes homes grade
sold between May 2014 and May 2015.
sqft above

It's a great dataset for evaluating simple regression models.
sqgft_basement
yr_built

Data (778 KB) yr_renovated

Data Sources About this file Zipcode

= kc hous... 21.6kx 21 19 house features plus the price and the id columns, along with lat

21613 observations. long

sqft_living1b

sqft_lot1b



House price predictions - view data graphically  /APacHe

. import org.apache.commons.math3.random.EmpiricalDistribution
“import static groovyx.javafx.GroovyFX.start Comfﬁaﬂd
;import static org.apache.commons.csv.CSVFormat.RFC4180 as CSV

Commons CSV.

“def file

= 'kc_house_data.csv' as File
'def csv = CSV.withFirstRecordAsHeader().parse(new FileReader(file))
édef all = csv.collect { it.bedrooms.toInteger() }
- def dist = new EmpiricalDistribution(all.max()).tap{ load(all as double[]) }
' def bins = dist.binStats.withIndex().collectMany { v, i -> [i.toString(), v.n] }
Estart {
stage(title: 'Number of bedrooms histogram', show: true, width: 800, height: 600) {
scene {

barChart(title: 'Bedroom count', barGap: 0, categoryGap: 2) {
series(name: 'Number of properties', data: bins)




House price predictions — view data graphically

B | Number of bedrooms histogram — O X
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House price predictions — view stats

import org.apache.commons.math3.stat.descriptive.SummaryStatistics
“import static org.apache.commons.csv.CSVFormat.RFC4180 as CSV

Edef file "kc_house data.csv' as File
def csv = CSV.withFirstRecordAsHeader().parse(new FileReader(file))
'def all = csv.collect { it.bedrooms.toInteger() }

Edef stats = new SummaryStatistics()
‘all.each{ stats.addValue(it as double) }
println stats.summary

'n: 21613

“min: 0.0

“max: 33.0

'mean: 3.370841623097218
“std dev: 0.930061831147451
“variance: 0.8650150097573497
sum: 72854.0




House price predictions — investigate outliers

- import org.apache.commons.csv.CSVFormat.RFC4186 as CSV

Edef file = 'kc_house data.csv' as File
~def csv = CSV.withFirstRecordAsHeader().parse(new FileReader(file))
- csv.findAll{ it.bedrooms.toInteger() > 10 }.each{ println it.toMap() as TreeMap }

___________________________________________________________________________________________________________________________________________________________________

' [bathrooms:3, bedrooms:11, condition:3, date:20140821T000000, floors:2, grade:7, id:1773100755, lat:47.556,

- long:-122.363, price:520000, sqft_above:2400, sqft_basement:600, sqft_living:3000, sqft_living15:1420,

- sqft_lot:4960, sqft_lot15:4960, view:0, waterfront:0, yr_built:1918, yr_renovated:1999, zipcode:98106]

' [bathrooms:1.75, bedrooms:33, condition:5, date:20140625T000000, floors:1, grade:7, id:2402100895, lat:47.6878,
' long:-122.331, price:640000, sqft_above:1040, sqgft_basement:580, sqft_living:1620, sqft_living15:1330,

. sgft_lot:6000, sqft_lot15:4700, view:0, waterfront:0, yr_built:1947, yr_renovated:0, zipcode:98103]

________________________________________________________________________________________________________________________________________________________________________




House price predictions — investigate outliers opencsv

- import com.opencsv.bean.*
- import groovy.transform.ToString

@Tostring(includeN =t I :
iglgssrﬁ?,ﬁg"ﬁ HeeTanES nue) House(bedrooms 11, bathroomsB area_lot:4960) |

@CsvBindByName House(bedrooms:33, bathrooms 1.75, area_lot:6000) |

__________________________________________________________________________________________________

Integer bedrooms

@CsvBindByName
String bathrooms

@CsvBindByName(column = 'sqgft lot')
Integer area_lot

Edef file = 'kc_house data.csv' as File
'def builder = new CsvToBeanBuilder(new FileReader(file))
~def records = builder.withType(House).build().parse()

Erecords.findAll{ it.bedrooms > 10 }.each{ println it }

_______________________________________________________________________________________________________________________




House price predictions — remove outlier and view

- import org.apache.commons.math3.random.EmpiricalDistribution
- import static groovyx.javafx.GroovyFX.start
import static org.apache.commons.csv.CSVFormat.RFC4180 as CSV

def file

= 'kc_house data.csv' as File
'def csv = CSV.withFirstRecordAsHeader().parse(new FileReader(file))
‘def all = csv.collect { it.bedrooms.toInteger() }.findAll{ it < 30 }
Edef dist = new EmpiricalDistribution(all.max()).tap{ load(all as double[]) }
' def bins = dist.binStats.withIndex().collectMany { v, i -> [i.toString(), v.n] }
Estart {
stage(title: 'Number of bedrooms histogram', show: true, width: 800, height: 600) {
scene {

barChart(title: 'Bedroom count', barGap: @, categoryGap: 2) {
series(name: 'Number of properties', data: bins)




House price predictions — remove outlier and view
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House price predictions — remove outlier and view

- import org.apache.commons.math3.random.EmpiricalDistribution
~import static groovyx.javafx.GroovyFX.start
~import static org.apache.commons.csv.CSVFormat.RFC4186 as CSV

'def file = 'kc_house data.csv' as File

;def csv = CSV.withFirstRecordAsHeader().parse(new FileReader(file))

~def all = csv.findAll { it.bedrooms.toInteger() < 30 }.collect { it.price.toDouble() }

' def info = new SummaryStatistics(); all.each(info::addValue)

“def head = "Price percentile (min=\$$info.min, mean=\$${info.mean as int}, max=\$$info.max)"
édef dist = new EmpiricalDistribution(100).tap{ load(all as double[]) }

' def bins = dist.binStats.withIndex().collectMany { v, i -> [i.toString(), v.n] }

' start {
' stage(title: 'Price histogram', show: true, width: 800, height: 600) {
scene A
barChart(title: head, barGap: 0, categoryGap: 0) {
series(name: 'Number of properties', data: bins)




House price predictions — remove outlier and view

B | Price histogram o O X
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House price predictions - linear regression § APACHE

o com S .4
- import org.apache.commons.math3.stat.regression.SimpleRegression 1ﬂﬁ2éd%?,
iimport static groovyx.javafx.GroovyFX.start 5
- import static org.apache.commons.csv.CSVFormat.RFC4180 as CSV |

def file

= 'kc_house data.csv' as File
. def csv = CSV.withFirstRecordAsHeader().parse(new FileReader(file))
' def all = csv.collect { [it.bedrooms.toDouble(), it.price.toDouble()] }.findAll{ it[@] < 30 }
Edef reg = new SimpleRegression().tap{ addData(all as double[][]) }

' def (minB, maxB)
 def predicted

[all.min{ it[©] }[@], all.max{ it[e] }[@]]
[[minB, reg.predict(minB)], [maxB, reg.predict(maxB)]]

 start {
| stage(title: 'Price vs Number of bedrooms', show: true, width: 800, height: 600) {
scene {
scatterChart {
series(name: 'Actual’, data: all)

}
lineChart {

series(name: 'Predicted', data: predicted)




House price predictions - linear regression
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House price predictions - Weka

€& Weka GUI Chooser

Program Visualization Tools Help

FWEKA
The University
of Waikato

Waikate Environment for Knowledge Analysis
Version 3.9.3

(c) 1999 - 2018

The University of Waikato

Hamilton, New Zealand
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House price

predictions
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House price predictions
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House price predictions
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House price predictions
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House price predictions — split dataset

- def full = getClass().classLoader.getResource('kc_house_data.csv').file as File
' def parent = full.parentFile

'def lines = full.readLines()

Edef (trainLines, testLines) = lines.chop(lines.size() * 0.8 as int, -1)

Edef train = new File(parent, 'house train.csv')
train.text = trainLines.join('\n")

Edef test = new File(parent, 'house test.csv')
test.delete()
- test << lines[@] << '\n' << testlLines.join('\n")

________________________________________________________________________________________________________________________________________________________________




Scaling up
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https://github.com/apache/ignite/blob/master/examples/src/main/java/org/apache/ignite/examples/ml/regression/linear/BostonHousePricesPredictionExample.java




House price predictions - linear regression \\@ﬁ.[e

_____________________________________________________________________________________________________________________________________________________________________

:Ignlte ignite = Ignition.start("/path/to/example-ignite.xml")
- ignite.withCloseable {
! println ">>> Ignite grid started.”
def dataCache = new SandboxMLCache(ignite).fillCacheWith(BOSTON_HOUSE_ PRICES)
def trainer = new LinearRegressionLSQRTrainer()
.withEnvironmentBuilder(defaultBuilder().withRNGSeed(9))
def vectorizer = new DummyVectorizer().labeled(Vectorizer.LabelCoordinate.FIRST)
def split = new TrainTestDatasetSplitter().split(0.8)
def mdl = trainer.fit(ignite, dataCache, split.trainFilter, vectorizer)
def metric = new RegressionMetrics().withMetric { it.r2() }
def score = Evaluator.evaluate(dataCache, split.testFilter, mdl, vectorizer, metric)

' [09:17:59] Ignite node started OK (id=0b9592e1)

println ">>> Model: " + toString(mdl) ' [09:17:59] Topology snapshot [ver=1, locNode=0b9592e1, servers=1, clients=0,
println ">>> R™2 score: " + score ' state=ACTIVE, CPUs=12, offheap=6.4GB, heap=7.1GB]
; dataCache.destroy() | >>> Ignite grid started.
'} + >>> Model: 0.04*f0 - 0.05*f1 - 0.79*f2 - 10.01*f3 + 0.28*f4 + 0.01*{5 - :
' 0.89*f6 + 0.54*f7 - 0.00*f8 - 0.18*f9 - 0.01*f10 + 0.09*f11 - 0.15*f12 + 14.10
' static toString(mdl) { | >>> R"2 score: 0.412878309612252 !
' def sign = { val ->val <@ ? '- ' : '+ "'} + [09:17:59] Ignite node stopped OK [uptime=00:00:00.626]

def valldx = { idx, val -> sprintf '%.2f*f%d', val, idx }

def valldxSign = { idx, val -> sign(val) + valldx(idx, Math.abs(val)) }

def valSign = { val -> sign(val) + sprintf('%.2f', Math.abs(val)) }

def w = mdl.weights

def i = mdl.intercept

def result = [valIdx(@, w.get(0)), *(1..<w.size()).collect{ valIdxSign(it, w.get(it)) }, valSign(i)]
result.join("' ')




Data Science Algorithms

Deep Boltzmann Machine (DBM)

Deep Belief Networks (DEN)

Maive Bayes

] Averaged One-Dependence Estimators (AODE)
) | Bayesian Belief Network (BBN)
Eayesian ; .
/ . Gaussian Naive Bayes
1
. -~ Deep Learning f \_ Multinomial Naive Bayes
Convolutional Neural Network (CNN)  »——— / \ i
"l y ' Bayesian Metwork (BM)
Stacked Auto-Encoders Y 2 ) - )
‘ § Classification and Regression Tree (CART)
Random Forest \ f s 7 2 7
. . - N Y [ herative Dichotomiser 3 (ID3)
Gradient Boosting Machines (GBM) / I:."/ CAs
- | I|l II -
Boosting \ \ { d
B d A jon (Bagging) J\ Ensembl s
ootstrappe regation (Baggin nsemble \ /
BP g9reg g9mg “, I.‘ Chi-sguared Automatic Interaction Detection (CHAID)
AdaBoost \ f
I e— bt - Decision Stump
Stacked Generalization (Blending) /| b / J  m ez o
_ - | VO | / / l"-xh Conditional Decision Trees
Gradient Boosted Regression Trees (GERT) / ,f / \ .
Radial Basis Function Network (REFN) “-‘ | / M e .
~ Voo ! Principal Component Analysis (PCA)
Perceptron | Vo [ / : :
— | Neural Networks V) f { ( Partial Least Sguares Regression (PLSR
Back-Propagation ¢ . o, S I _
= N ) T | Sammon Mapping
Hopfield Network / { Machine Learning Algorithms [~ - C i
= i e Ly (e e [ Multidimensional Scaling (MDS)
Ridge Regression S 1 \ fa — -
) ) i ,/‘ ! ; VA \ ! Projection Pursuit
Least Absolute Shrinkage and 5election Operator (LASSO) | VA \ Fs
i - Regularization . A \ \\ ) o ) Principal Component Regression (PCR)
Elastic Net }— I VY - Dimensionality Reduction J- - LR .
T | fii \ artial Least Squares Discriminant Analysis
. . . L ) . Partial Least 5 D t Analy
Least Angle Regression (LARS) /o LA i — )
=R P L L Mixture Discriminant Analysis (MDA)
ubis P |4 :
——— i Lo ' Quadratic Discriminant Analysis (QDA)
One Rule (OneR) | f II"-. 1 : R i
Rule System / VoY \ Regularized Discriminant Analysis (RDA)
Zero Rule (ZeroR) }7 f = I ; —— :
_ : 7| !\ Flexible Discriminant Analysis (FDA)
Repeated Incremental Pruning to Produce Error Reduction (RIFPER)  J f.f VoA |
I} I'l 5 I'_
Linear Regression J.-’ \'k
Ordinary Least Squares Regression (OLSR) ".I
-

Stepwise Regression
Multivariate Adaptive Regression Splines (MARS)

Locally Estimated Scatterplot Smoothing (LOESS)

Logistic Regression /

Source: Jason Brownlee, https://machinelearningmastery.com/master-machine-learning-algorithms/

. Linear Discriminant Analysis (LDA)
k-Nearest Meighbour (kNN)

Learning Vector Quantization (LVQ)

: Self-Organizing Map (SOM)

4

' Locally Weighted Learning (LWL)
k-Means

'
\ {
. Instance Based |-

L%

\ o ) [ k-Medians
. Clusterin N
—{Q _ Expectation Maximization
|
!

Hierarchical Clustering




Data Science
Algorithms:
Classification

Khieans

kEhieans
k=3)

Fuzzykhieans
k=3, fuzzy==

Fuzzykheans
k=3, fuzzy=10O

DESCAMN
(eps=.1, min=3)




Computational problems in Computer Science

« Kinds: decision problems, search problems, counting problems,
optimization problems

« Paradigms: brute force, divide & conquer, search & enumerate,
randomized, complexity reduction, recursive, back tracking, graph

« Optimization approaches: linear programming, dynamic
programming, greedy, heuristics

CIP

Constraint
Integer
Programming

MIP

IP . Mixed Integer Linear
Integer Llngar Programming CP
[ Programming 3 Constraint
‘ Programming
([ SsAT /) LP
. Satisfiability  / Linear

Programming : MINLP

Mixed Integer
Non-linear
Programming




Constraint Programming

Where is it used?
« Factory/assembly line scheduling
« Workforce management/scheduling (call centres, aircraft crew, etc)
« Vehicle routing/traffic planning/traffic management
« Packing problems
 Timetabling (exams, lectures, trains, gate arrival at airports)
« Configuration and design
« Supertree construction (bioinformatics)
 Network design (telecommunications)
« Military logistics (air cover for naval fleet)
« Aircraft maintenance schedules
 Recruitment (personnel selection)
- Financial trading systems
 Language detection
 Operations research



Constraint Programming

Typical domains:
boolean domains, where only true/false constraints apply (SAT

problem)

integer domains

rational domains

interval domains, in particular for scheduling problems

linear domains, where only linear functions are described and

analyzed (although approaches to non-linear problems do exist)
finite domains, where constraints are defined over finite sets
mixed domains, involving two or more of the above




Cryptarithmetic

SEND Replace the letters with

+ MORE
MONEY

decimal digits to make a
valid arithmetic sum




Cryptarithmetic: Brute force
......................................................................................................................................... SEND

' def solutions():
| # Letters = ('s', 'e', 'n', 'd', 'm', 'o', 'r', 'y')

all_solutions = list() + M O R E

for s in range(1, 10):

for e in range(0, 10): M O N E Y
for n in range(0, 10):
for d in range(0, 10): '
for m in range(1, 10):
for o in range(09, 10):
for r in range(9, 10):
for y in range(0, 10):
if len({s, e, n, d, m, o, r, y}) == 8:
send = 1000 * s + 100 * e + 10 * n + d

more = 1000 * m + 100 * o + 10 * r + e
money = 10000 * m + 1000 * o + 100 * n + 10 * e + y

if send + more == money:
all solutions.append((send, more, money))
return all_solutions

' print(solutions())




Cryptarithmetic: Brute force
et solutions() (e SEND

// lLetters = ['s', 'e', 'n', 'd', 'm', ‘o', 'r', 'y']
def all_solutions = [] + M O R E
for (s in 1..<10)
for (e in 0..9) M O N E Y
for (n in 0..9)
for (d in 0..9) :
for (m in 1..9)
for (o in 0..9)
for (r in 0..9)
for (y in 0..9)
if ([s, e, n, d, my, o, r, y].toSet().size() == 8) {
def send = 10600 * s + 100 * e + 10 * n + d
def more = 1000 * m + 100 * o + 10 * r + e
def money = 10000 * m + 1000 * o + 100 * n + 10 * e + y
if (send + more == money)
all solutions.add([send, more, money])

return all_solutions

Eprint(solutions())




Cryptarithmetic: Brute force
......................................................................................................................................... SEND

. from itertools import permutations
+ MORE
letters = ('s', 'e’ m o r y')
digits = rangeZlO) ’ ’ ’ ’ M O N E Y

for perm in permutations(digits, len(letters)):
sol = dict(zip(letters, perm))
if sol['s'] == @ or sol['m'] == O:
continue
send = 1000 * sol['s'] + 100 * sol['e'] + 10 * sol['n'] + sol['d']
more = 1000 * sol['m'] + 100 * sol['0'] + 10 * sol['r'] + sol['e']
money = 10000 * sol['m'] + 1000 * sol['o'] + 100 * sol['n'] + 10 * sol['e'] + sol['y"]
if send + more == money:
return send, more, money

;def solution2():

n J ldl)

éprint(solutionZ())




Cryptarithmetic: Brute force
e SEND

- def solution2() {
. def digits = 0..9 + M ORE
MONEY

for (p in digits.permutations()) {
if (p[-1] < p[-2]) continue
def (s, e, n, d, my o, r, y) =p
if (s == 0 || m == @)
continue
def send = 1000 * s + 100 * e + 10 * n + d
def more = 1000 * m + 100 * o + 10 * r + e
def money = 10000 * m + 1000 * o + 100 * n + 10 * e + y
if (send + more == money)
return [send, more, money]

B

iprint(solutionz())

__________________________________________________________________________________________________________________________________________________________________




Cryptarithmetic: Constraint programming

from csp import Constraint, CSP
from typing import Dict, List, Optional

S END

class SendMoreMoneyConstraint (Constraint[str, int]):

def init (self, letters: List[str]) -> None: + M O R E

self.letters: List[str] = letters

super (). init (letters)
= MONTEY

def satisfied(self, assignment: Dict[str, int]) -> bool:
# not a solution if duplicate values

if len(set(assignment.values())) < len(assignment) : h:; __________________________________________________________________________________
return False le.t.ter,s - ["S", IIEII, “N“, “D“, “M“, lloll, “R", “Y"] E
possible_digits = {} :
# if all vars assigned, check if correct for letter in letters:
S: }nt = ass%gnment["S"] possible digits["M"] = [1] # can't start with @ constraint
e: }nt = aSS}gnment[ E"] csp: CSP[str, int] = CSP(letters, possible_digits) E
n: }nt = ass}gnment[ N"] csp.add_constraint(SendMoreMoneyConstraint(letters)) i
d: }nt = aSS}gnment[ D"l solution: Optional[Dict[str, int]] = csp.backtracking_search()
m: int = assignment["M"] if solution is None: |
o: int = assignment["O"] print("No solution found!") E
r: int = assignment["R"] else: |
y: int = assignment["Y"] print(solution)
send: int = s * 1000 + e * 100 + n * 10 + d b m o o o oo !

more: int = m * 1000 + o * 100 + r * 10 + e
money: int = m * 10000 + o * 1000 + n * 100 + e * 10 + y
return send + more == money

return True

| if len(assignment) == len(self.letters): possible_digits[letter] = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]




Cryptarithmetic: Constraint programming

' @Grab('org.choco-solver:choco-solver:4.10.0")
. import org.chocosolver.solver.Model
éimport org.chocosolver.solver.variables.IntVar

SEND
-+ M ORE

‘def model = new Model("SEND+MORE=MONEY")

'def S = model.intVar("s", 1, 9) = MONEY
‘def E = model.intvar("e", ¢, 9)

' def N = model.intVar("N", @, 9) -

' def D = model.intvar("D", @, 9) IntvVar[] ALL = [

'def M = model.intvVar("M", 1, 9) S, E, N, D,

‘def 0 = model.intvar("e", @, 9) M, O, R, E,

' def R = model.intvar("R", 0, 9) M, O, N, E, Y]

~def Y = model.intvar("Y", @, 9) int[] COEFFS = [

; 1000, 100, 10, 1,

' model.allDifferent(S, E, N, D, M, 0, R, Y).post() 1000, 100, 10, 1,

’ -10000, -1000, -100, -10, -1]

' model.scalar(ALL, COEFFS, "=", 0).post()

, | Emodel.solver.findSolution()

_______________________________________________________________________________________




Dietary restrictions
I S S = T T

Cost 11.0

Protein (g) 4.0 8.0 7.0 1.3 8.0 9.2
Fat (9) 1.0 5.0 9.0 0.1 7.0 1.0
Carbohydrates (g)  15.0 11.7 0.4 22.6 0.0 17.0
Calories 90 120 106 97 130 180

Minimise cost of diet given:

* Must be at least 300 calories

* Not more than 10 grams of protein

* Not less than 10 grams of carbohydrates
* Not less than 8 grams of fat

e At least 0.5 units of fish

* No more than 1 unit of milk

http://support.sas.com/documentation/cdl/en/ormpug/63352/HTML/default/viewer.ntm#ormpug_Ipsolver sect018.htm



Dietary restrictions (Excel)

Bread

15
90

Milk

3.5

11.7
120

Cheese

8

7

9
0.4
106

Potato

1.5
1.3
0.1
22.6
97

Fish

Yogurt  Total

11 1 0
8 9.2 0

7 1 0

0 17 0
130 180 0

Salver Parameters
Cost

Set Objective: |$O$4 Pf'ﬂ'tEfﬂ

To: (O Max @ min () value OF: 0 Fat

By Changing Variable Cells: Cm‘bs

' s152:5N53] Calories

Subject to the Constraints:

£J83 == 1 ‘ Add ‘

$ME3 == 0.5 =

$0%5 <= 10

$0%6 >= 8 ‘ Change ‘

$0%7 >=10

$0%8 == 300 ‘ Delete ‘
Reset all
Load/Save

Make Unconstrained Variables Mon-Megative

Select a Solving GRG Monlinear | Options

Method:

Solving Method

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smaoaoth.

Help Solve Close




Dietary restrictions (Excel)

Method:
Solving Method

engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smoaoth.

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex

Help Solve

Close

Bread Milk Cheese Potato | Fish Yogurt |Total
Solver Parameters 0 0.053599 0.449499 1.865168 0.5 0
Cost 2 3.5 3 1.5 11 1 12.08134

Set Objective: 5034 Protein 4 8 7 1.3 8 9.2 10
Tao: O Max @ Miﬂ O Ealue of: 0 Fﬂ't 1 5 g D. 1 ? 1 E‘
& Changing Varsble Cels Carbs 15 11.7 0.4 22.6 0 17| 42.9597
| $153:5N83] Calories 90 120 106 a7 130 180 300
Subject to the Constraints:
$J$3 <=1 ‘ Add
$M$3 »>= 0.5
Sy e
$0%7 == 10
$03%8 == 300 ‘ Delete

Reset all

Load/Save
Make Unconstrained Variables Mon-Megative
Select a Solving GRG Monlinear | Options




Dietary restrictions (Google sheets)

Cost
Protein
Fat
Carbs
Calories

Min
Max

Bread
0.0000
2
4
1
15
90

Milk

0.0536
35

8

5

11.7
120

Cheese
0.4495
8
7
9
0.4
106

Potato
1.8652
1.5
1.3
0.1
22.6
97

Fish
0.5000
11
8
7
0
130

0.5

Yogurt
0.0000
1
52
il
6 )
180

Total Min Max
12.08133788
10
8 8
42.95969651 10
300 300

Obj_ective Cell:
|4 Update  Clear

Objective Sense:
® minimise target value:
maximise 0

_‘._r'q;_ia_l:;l_e Cells:
Update

- Delete

& Unconstrained variables non-negative

Constr_qints:

|5 ==K5
16 == J6
I7==J7

18 == J8

G3 == G610
D3 <=D11



Diet problem (ojalgo)

i def model = new ExpressionsBasedModel()

' def bread = model.addvariable("Bread").lower(Q)

' def milk = model.addVariable("Milk").lower(@).upper(1)
' def cheese = model.addVariable("Cheese").lower(0)

+ def potato = model.addVariable("Potato").lower (@)

i def fish = model.addVariable("Fish").lower(0.5)

i def yogurt = model.addVariable("Yogurt").lower(9)

' def cost = model.addExpression("Cost")

' cost.set(bread, 2.0).set(milk, 3.5).set(cheese, 8.0).set(potato, 1.5).set(fish,
1 11.0).set(yogurt, 1.0)

idef protein = model.addExpression("Protein™).upper(10)
i protein.set(bread, 4.0).set(milk, 8.0).set(cheese, 7.0).set(potato,
11.3).set(fish, 8.0).set(yogurt, 9.2)

i def fat = model.addExpression("Fat").lower(8)
' fat.set(bread, 1.0).set(milk, 5.0).set(cheese, 9.0).set(potato, ©.1).set(fish,
1 7.0).set(yogurt, 1.0)

' def carbs = model.addExpression("Carbohydrates").lower(10)
' carbs.set(bread, 15.0).set(milk, 11.7).set(cheese, 0.4).set(potato,
122.6).set(fish, 0.0).set(yogurt, 17.0)

' def calories = model.addExpression("Calories").lower(300)

i calories.set(bread, 90).set(milk, 120).set(cheese, 106).set(potato, 97).set(fish,

ilBO).set(yogurt, 180)
| def result = model.minimise()

i // for a variation, see:
' // https://www.ojalgo.org/2019/05/the-diet-problem/

OPTIMAL 0.0 @ { 0.0, 0.0, 0.40813898143741034,
1.8538791051880057, 0.5916230366492151, 0.0 }

HH R
0 <=Bread: 0

O0<=Mik:0<=1

0 <= Cheese: 0.408139

0 <= Potato: 1.853879

0.5 <= Fish: 0.591623

0 <= Yogurt: 0

10 <= Carbohydrates: 42.060923

8 <= Fat: 8.0

Cost: 12.553784

Protein: 10.0 <= 10

300 <= Calories: 300.0

HHH R



Diet problem (Choco)

def model = new Model("Diet problem")
def unbounded = 100000

// scale quantities by 10, coefficients by 10, products by 100
def bread = model.intVar("Bread", @, unbounded)

def milk = model.intVar("Milk", @, 10)

def cheese = model.intVar("Cheese", @, unbounded)

def potato = model.intVar("Potato", @, unbounded)

def fish = model.intVar("Fish", 5, unbounded)

def yogurt = model.intVar("Yogurt", @, unbounded)

IntVar[] all = [bread, milk, cheese, potato, fish, yogurt]

def cost = model.intVar("Cost", @, unbounded)
model.scalar(all, [20, 35, 80, 15, 110, 10] as int[], "=", cost).post()

__________________________________

. Bread: 0 i
def protein = model.intVar("Protein", 0, 1000) ' Milk: O !
model.scalar(all, [40, 80, 70, 13, 80, 92] as int[], "=", protein).post() : ) |

. Cheese: 0.5 |
def fat = model.intvar("Fat", 800, unbounded) ' Potato: 1.9 E
model.scalar(all, [10, 50, 90, 1, 70, 1@0] as int[], "=", fat).post() : Fish: 0.5 i
def carbs = model.intVar("Carbohydrates", 1000, unbounded) i Yogurt: 0 i
model.scalar(all, [15e@, 117, 4, 226, ©, 170] as int[], "=", carbs).post() i CarbohydrateS' 43.14 i
def calories = model.intVar("Calories", 30000, unbounded) i Fat: 8.19 i
model.scalar(all, [990@, 1200, 1060, 970, 1300, 1800] as int[], "=", calories).post() i Protein: 9.97 :
model.setObjective(Model .MINIMIZE, cost) i Calories: 302.3 i

. Cost: 12.35 |

def found = model.solver.findSolution()
if (found) {

all.each { println "$it.name: ${it.value / 10}" }

[carbs, fat, protein, calories, cost].each { println "$it.name: ${it.value / 1e0}" }
} else {

println "No solution™

Choco supports RealVar but doesn’t have as
rich a set of possible constraints for such vars.



Diet problem (Choco)

def
def
def

model = new Model("Diet problem")
unbounded = 1000.0d
precision = 0.00001d

// scale quantities by 10, coefficients by 10, products by 100

def
def
def
def
def
def

bread = model.realVar("Bread", 0.0, unbounded, precision)
milk = model.realVar("Milk", ©.0, 1.0, precision)

cheese = model.realVar("Cheese", 0.0, unbounded, precision)
potato = model.realVar("Potato", 0.0, unbounded, precision)
fish = model.realVar("Fish", ©.5, unbounded, precision)
yogurt = model.realVar("Yogurt", 0.0, unbounded, precision)

RealVar[] all = [bread, milk, cheese, potato, fish, yogurt]

def

}

def

scalarIbex = { coeffs, var ->
def (a, b, c, d, e, f) = coeffs

model.realIbexGenericConstraint("$a*{0}+$b*{1}+$c*{2}+$d*{3}+$e*{4}+$F*{5}={6}",

[*all, var] as RealVar[]).post();

cost = model.realVar("Cost", 0.0, unbounded, precision)

scalarIbex([2.0, 3.5, 8.0, 1.5, 11.0, 1.0], cost)

def

protein = model.realVar("Protein", 0.0, 10.0, precision)

scalarIbex([4.0, 8.0, 7.0, 1.3, 8.0, 9.2], protein)

def

fat = model.realvar("Fat", 8.0, unbounded, precision)

scalarIbex([1.0, 5.0, 9.0, 0.1, 7.0, 1.0], fat)

def carbs = model.realVar("Carbohydrates", 10.0, unbounded, precision)

scalarIbex([15.0, 11.7, 0.4, 22.6, 0.0, 17.0], carbs)

def calories = model.realVar("Calories", 300, unbounded, precision)

scalarIbex([90, 120, 106, 97, 130, 180], calories)

model.setObjective(Model .MINIMIZE, cost)

def

found = model.solver.findSolution()

def pretty = { var ->

}

def bounds = found.getRealBounds(var)
printf "%s: %.6f .. %.6f%n", var.name, *bounds

all.each { pretty(it) }
[carbs, fat, protein, calories, cost].each { pretty(it) }

} else {

println "No solution"

if (found) {

____________________________________________________________________

' Bread: 0.025131 .. 0.025137 i
' Milk: 0.000009 .. 0.000010 i
' Cheese: 0.428571 .. 0.428571 |
| Potato: 1.848118 .. 1.848124 |
' Fish: 0.561836 .. 0.561836 g
" Yogurt: 0.000007 .. 0.000010 i
. Carbohydrates: 42.316203 .. 42.316211
' Fat: 8.000000 .. 8.000005 i
' Protein: 9.997920 .. 9.997926 §
. Calories: 300.000000 .. 300.000008 |
- Cost: 12.431241 .. 12.431245 g

_____________________________________________________________

Choco does have a plugin (via JNI) for
the Ibex C++ constraint processing library
which does handle real numbers.

S



Diet problem (Apache Commons Math)

import org.apache.commons.math3.optim.linear.*
import org.apache.commons.math3.optim.nonlinear.scalar.GoalType
import static org.apache.commons.math3.optim.linear.Relationship.*

def cost = new LinearObjectiveFunction([2.0, 3.5, 8.0, 1.5, 11.0, 1.0] as double[], 9)

static scalar(coeffs, rel, val) {

def bread_min
def milk_min

def milk_max

def cheese_min
def potato_min
def fish_min

def yogurt_min s
def protein scalar([4.0, 8.0,
def fat scalar([1.0, 5.0,
def carbs = scalar([15.0, 11.
def calories

scalar([1,
scalar([9,
scalar([9,
scalar([9,
scalar([9,
scalar([9,
scalar([9, 0,

-
-

-
-

-
-

-

)

-

)

OO OO FrLrEFRPO
-

OO0 FrRrROoOOO0
-

LinearConstraintSet constraints = [bread_min, milk_min, milk_max, fish_min, cheese_min,
potato_min, yogurt_min, protein, fat, carbs, calories]

def solution = new SimplexSolver().optimize(cost, constraints, GoalType.MAXIMIZE)

if (solution != null) {
println "Opt: $solution.value”

new LinearConstraint(coeffs as double[], rel, val) }

-

-

-

)

)

O O0OFrRP OO0
-

)

7.

9.
7,

)

-

-

-

-

-

-

)

%
0
0
0
0
1
0
%)
%)

)

0], GEQ, 0)
0], GEQ, 0)
0], LEQ, 1)
0], GEQ, 0)
0], GEQ, 0)
0], GEQ, 0.5)
1], GEQ, ©)
1.3, 8.0, 9.2],
0.1, 7.0, 1.0],

LEQ, 10)
GEQ, 8)

9.4, 22.6, 0.0, 17.0], GEQ, 10)

scalar([90, 120, 106, 97, 130, 180],

GEQ, 300)

println solution.point.collect{ sprintf '%.2f', it }.join(', ")

Opt: 12.553783912422674
-0.00, -0.00, 0.41, 1.85, 0.59, 0.00



Apache Spark

Open Source

Applications

Ecosystem sparkling e
| H,0 / s
e e / el ” Apacte A
‘@ \ Wkt "/
\ © il
N\
(/' - p :;: ' )
_ > o My SsaL &
@ kubernetes e @ MESOS / ‘S)j \ | M@., i‘ I"e“ﬂféé \} o
& docker * N NS e
C spring s .mongolm \ §:"°”‘°

- 4-l4 sl searct
Environments @ Parquet s —

API Docs:

GraphX
(machine jj (graph)

learning)

Apache Spark

Programming Guides:

« Quick Start: a quick introduction to the Spark API; start here!

« RDD Programming Guide: overview of Spark basics - RDDs

« Spark SQL, Datasets, and DataFrames: processing structure
» Structured Streaming: processing structured data streams wi
« Spark Streaming: processing data streams using DStreams (
« MLIib: applying machine learning algorithms

« GraphX: processing graphs

« Spark Scala API (Scaladoc) /

« Spark Java API (Javadoc)

Spark Python API (Sphinx)

« Spark R API (Roxygen2)
» Spark SQL, Built-in Functions (MkDocs)

Source: https://spark.apache.org/ and https://renovacloud.com/en/an-introduction-to-and-evaluation-of-apache-spark-for-big-data-architectures/




Apache Spark

_____________________________________________________________________________________________________________

. import scala.Tuple2 5 TTTTTTTTTTTmmmmmmme e !

import org.apache.spark.sql.SparkSession 5 peppers: 4

| ’ “where's: 1

- def SPACE = ~" " i 1

. def spark = SparkSession.builder() . |

' .config("spark.master", "local") ! | a: 3
.appName (" JavaWordCount") - picked: 4

| .getOrCreate() ; Piper: 4

- def lines = spark.read().textFile('/path/to/peppers.txt').javaRDD() ; £ A

. def words = lines.flatMap(s -> SPACE.split(s).iterator()) . i or.

. def ones = words.mapToPair(s -> new Tuple2<>(s, 1)) | - Peter: 4

. def counts = ones.reduceByKey{ il, i2 -> il + i2 } peck: 4

def output = counts.collect() ; the: 1

. for (tuple in output) { ; A

println tuple. 1() + ": " + tuple. 2() ! pickled: 4

} v TTTTTTTTTTTTTmmmmomomes

ispark.stop()




Choose your language

Apache Beam Overview 2 e

Apache Beam is an open source, unified model for defining
both batch and streaming data-parallel processing pipelines.

3 Beam Model

Apache Beam Pipeline Runners

The Beam Pipeline Runners translate the data processing pipeline you define - - -

with your Beam program into the API compatible with the distributed
processing back-end of your choice. When you run your Beam program, you'll

need to spemf',-f an appropriate runner for the back-end where you want to Apac h e B eam S D KS

execute your pipeline.

...and your runtime.

The Beam SDKs provide a unified programming model that can represent and
transform data sets of any size, whether the input is a finite data set from a
batch data source, or an infinite data set from a streaming data source. The
Beam SDKs use the same classes to represent both bounded and unbounded

Beam currently supports Runners that work with the following distributed
processing back-ends:

* ApdbeApex data, and the same transforms to operate on that data. You use the Beam
« Apachie Flink FS)i{;E;;::eyour choice to build a program that defines your data processing
= Apache Gearpump (incubating) ‘. Beam currently supports the following language-specific SDKs:
« Apache Samza ! « ,
e Java =
« Apache Spark Sporir java
« Google Cloud Dataflow @ « Python P
Note: You can always execute your pipeline locally for testing and debugging « Go =GO
purposes.

A Scala ’ interface is also available as Scio.

Source: https://beam.apache.org/get-started/beam-overview/




Apache Beam Overview

Apache Beam is an open source, unified model for defining
both batch and streaming data-parallel processing pipelines.

Apache Beam Pipeline Runners

The Beam Pipeline Runners translate the data processing pipeline you define
with your Beam program into the API compatible with the distributed
processing back-end of your choice. When you run your Beam program, you'll
need to specify an appropriate runner for the back-end where you want to
execute your pipeline.

Beam currently supports Runners that work with the following distributed
processing back-ends:

Apache Apex

Apache Flink

A ™ Wk

Apache Gearpump (incubating) ‘
&

Apache Samza
Apache Spark Sporir

Google Cloud Dataflow @

Note: You can always execute your pipeline locally for testing and debugging
purposes.

Source: https://beam.apache.org/get-started/beam-overview/

Choose your language...

el

Java Python

3 Beam Model

...and your runtime.

Apache Beam SDKs

The Beam SDKs provide a unified programming model that can represent and
transform data sets of any size, whether the input is a finite data set from a
batch data source, or an infinite data set from a streaming data source. The
Beam SDKs use the same classes to represent both bounded and unbounded
data, and the same transforms to operate on that data. You use the Beam
SDK of your choice to build a program that defines your data processing
pipeline.

Beam currently supports the following language-specific SDKs:

. Java é* X — W
Java
e Python p

+ 60 =GO

A Scala ’ interface is also available as Scio.




Apache Beam Word Count — Quickstart guide

Apa C h e B eam J ava S D K Q u | C ksta rt Source: https://beam.apache.org/get-started/quickstart-java/

This Quickstart will walk you through executing your first Beam pipeline to run WordCount, written using Beam’s Java SDK, on a runner of
your choice.

Get the WordCount Code

The easiest way to get a copy of the WordCount pipeline is to use the following command to generate a simple Maven project that
contains Beam’'s WordCount examples and builds against the most recent Beam release:

Unix PowerShell

PS> mvn archetype:generate °
-D archetypeGroupId=crg.apache.beam
-D archetypeArtifactId=beam-sdks-java-maven-archetypes-examples
archetypeVersion=2.13.8 ~
-D groupld=org.example °
-D artifactId=word-count-beam °~
-D version="8.1" °
-D package=org.apache.beam.examples ~

-D interactiveMode=false

Run WordCount

For Unix shells:
Direct Apex Flink-local Flink-cluster Spark Dataflow Samza-local Nemo Jet

% mvn compile exec:java -Dexec.mainClass=org.apache.beam.examples.lordCount \

-Dexec.args="--inputFile=pom.xml --output=counts" -Pdirect-runner

-D




A p a C h e B ea m WO rd C O u n t - Ka ta See: https://beam.apache.org/blog/2019/05/30/beam-kata-release.html

File Edit View Mavigate Code Analyze Refactor Build Run Teools VCS Window Help

%java 9 Examples ' B8 Word Count | & Word Count Mg src  £% org  [8 apache U8 beam £ learning % katas = % examples 9 wordcount - & Task ~ TaskTestl ~| b & G Gt v v @O 9 B Q
o Praject B = @ — | & BeamKata samn LSk angradizxmi s miscaml s SHUCEY_projectmi & Taskjava & Tests java I_ Task Description s = 1+ u
b 1 1 111 il L _ :
||~ g java [Beam Kata] [projocis)beam eamingkat §
el : > . y 3 . . -
3 gradle public static vold main(String(] args} [
ey , o S Word Count Pipeline .
3 e rapple orange grape banana apple banana®, =
% banapa orange banana papaya Kata: Create 3 pipeline that counts the number of words. 3
¥ Core Transforms is
;
~ [ Examples . R -
~ [ Ward Caunt £ PipelineOptions cptions = PipelineOptionsPactory.fromdrgs(args) .createl): Please oulpul the count of each word in the foliowing format o
w5 Word Count [Examples-Word_Count-Weord_Count] Fipeline pipeline = Pipeline.creats(options); §
y B build ) word:count
. o Pcollzcr_.\.':mf.str:ing'r wordCounts = '
M “"sfr frmim] =i pipelins.apply(Creata.of (Arrays.ashisc(linea)}) s halles g
w ¥ org.apache beam. learning katas.exampleswordcount Sy
book:3 =
& Task Poollaction<string> cutput = applyTransform({wordCounts); =
v Bgtest testsou 0
~ B org.apache beam_learning katas examples wordcount output.apply(log ofEiement=(]);
& TaskTest o 0
- pipeline.zuni); o
i taskhtml i ! ® Hinl v
> B gradle
= 2 Refar to your katas above.
» Introduction @ statie PCollectizn<String? applyTransform(PCallecticn<String> input) [
3 0 7 raturn ingut
> Bgul
w buildgradle e .ap'plyF!"l o 31 t .sr.z.:rr“_. 'anzs-__—zn,—.gsn]
4 &0 9 .vialline -* Arrays.asList(lins.splity regex = =)j]]
# aradlew ’
-
st gradlew bat 6z .apply(Count.perElsmenz (]}
¥ settings.gradle €3
3 Il External Libraries «apply (Farbo.of (processBlement (sloment, out) — | Beam Katas - Java
“i@ Scratches and Consoles = T . ™\
cut.cutput {slement.g=tley(} + ":" + element.g=tvalue{)]; Java, Introduction Java | | English | | Featured |
(AR s h ,
5 t £ Java, Statements and Arrays )
Instructor: Henry Suryawiszwan
& Java, Classes
! Check ) : .
Task: * amaing g, Java Callections Tl?rs €olrse provides a senes of katas to get familiar
with Apache Beam.
Run: TaskTest C51_SortingX
P — = Apache Beam website — https,/fbeam.apache.or
Py @ B E E £ N2 Q% o Tests passed: 10f 1 test— 15 87 ms g P it o
R e TSk :t:x..ampic:—\i.\'ora_uatint “WoTd_Uounticlasses UP-TO-UATE
> Task :util:compileTestJava UP-TC-DATE . g
> Task :util:compileTzatGroovy NO-SOURCE
> Task :util:processsTestRescurces NO—SOURCE 3
o * Task :util:testClasses UE-To-DATE e
= > Task :Examples-Word Count-Word_Count:compilaTestdava UP-To-DAETE : TR A
= i = = ) i i E
E | - > Task :Examples-Word Count-Word Count:compileTestGroovy NO-SOURCE Al
il ¥ Task :Examples-Word Count-Word_Count:processTestRescurces NO-300RCE = b Advanced settings
i 2 > Task :Examples-Word Count-Word_Count:testClasses UP-TO-DATE
* ¥ Task :Examples-Word Count-Word Count:test Lag in & + (Tioie Courses
Deprecated Gradle features were used in this build, making it incompatible with Gradls 5.0.
B Bes https://docs.gradle.oral4.8/userquide/command line interface.htmlisecicommand line warnings Join > Cancel
E BOILD SUCCESSFUL in 2a -
‘.E £ actionable tasks: 2 executad, 4 up-to-dats
:; 5:20:46 AM: Tasks =xecution finished ':Examples-Word Count-Word Count:cleanTest :Examples-Word Count-Word Count:test ——tests "org.apache.beam.learning.katas.examples_ wordcount.TaskTestI"7.

C] Event Lag
(@ 481 CRLF : UTF-8: 4spacest Gitmasters W o

I+ 5: versian contrel B8 Terminal & Build '_&g}mﬁ = §:TODO
= Tests passed: 1 (today 2:20 AM)




Apache Beam Word Count - GroovyConsoIe single file

istatic PCollection applyTransform(PCollection input) {
. ProcessFunction asWords = line -> line.split(" ").toList()

def kv2out = new DoFn<KV, String>() {
@ProcessElement
void processElement(@Element KV element, OutputReceiver<String> out) {
out.output(element.key + ":" + element.value)

} |
} :"'""""""'L""""""""'"""""""""""'"""""""""""".
. - Jun 17, 2019 11:48:16 AM org.slf4j.Logger$info$0 call |
return input ' INFO: banana:4
.apply(into(strings()).via(asWords)) ; . : :
. .apply(Count.perELement()) i Jun 17, 2019 .11.48.16 AM org.slf4j.Logger$info$2 call
| .apply(ParDo.of(kv2out)) - INFO: orange:2 _ _
"} - Jun 17, 2019 11:48:16 AM org.slf4j.Logger$info call
' INFO: grape:1
' def lines = ["apple orange grape banana apple banana”, Jun 17, 2019 11:48:16 AM org.slf4j.Logger$info$1l call
! "banana orange banana papaya"] " INFO: papaya:1l
" def pipeline = Pipeline.create() Jun 17, 2019 11:48:16 AM org.slf4j.Logger$info$3 call
' def counts = pipeline.apply(Create.of(lines)) - INFO: appk32 |
idef output = applyTransform(counts) 0

ioutput.apply(Log.ofELements())

ipipeline.run()




Apache MXNET

@Xl’let Install Gluon ~

Python

C++ gﬁ
Why MXNet? Clojure /

Java

MXNet > Why Mxnet

Probably, if you've stumbled upon this page, yc arning. Deep learning

Julia

denotes the modern incarnation of neural netw nology behind recent
breakthroughs in self-driving cars, machine trai Perl nition and more. While
widespread interest in deep learning took off ir R has become an
indispensable tool for countless industries.

Scala

Source: https://mxnet.apache.org/versions/master/fag/why_mxnet.html




Apache MXNET Object detection

import org.apache.mxnet.infer.javaapi.ObjectDetector
import org.apache.mxnet.javaapi.*

static void downloadUrl(String url, String filePath) {
def destination = filePath as File
if (!destination.exists()) {
destination.bytes = new URL(url).bytes

}
}

' static downloadModelImage() {

E String tempDirPath = System.getProperty('java.io.tmpdir")

i println "tempDirPath: $tempDirPath”

i def imagePath = tempDirPath + "/inputImages/resnetssd/dog-ssd.jpg"

i String imgURL = "https://s3.amazonaws.com/model-server/inputs/dog-ssd.jpg"
! downloadUrl (imgURL, imagePath)

! def modelPath = tempDirPath + "/resnetssd/resnet50_ssd_model™

E println "Download model files, this can take a while..."

E String modelURL = "https://s3.amazonaws.com/model-server/models/resnet50_ssd/"
i downloadUrl (modelURL + "resnet50_ssd_model-symbol.json",

i tempDirPath + "/resnetssd/resnet50_ssd_model-symbol.json")

i downloadUrl (modelURL + "resnet50_ssd_model-0000.params”,

: tempDirPath + "/resnetssd/resnet50_ssd_model-0000.params")

! downloadUrl (modelURL + "synset.txt",

! tempDirPath + "/resnetssd/synset.txt")

E [imagePath, modelPath]




Apache MXNET Object detection

static detectObjects(String modelPath, String imagePath, inputShape) {
def context = [Context.cpu()]
def inputDescriptor = new DataDesc("data", inputShape, DType.Float32(), "NCHW")
def objDet = new ObjectDetector(modelPath, [inputDescriptor], context, 0)
return objDet.imageObjectDetect(ObjectDetector.loadImageFromFile(imagePath), 3)

}

def (imagePath, modelPath) = downloadModelImage ()

def (width, height) = [512, 512]

Shape inputShape = new Shape([1, 3, width, height])

def results = detectObjects(modelPath, imagePath, inputShape).sum()

for (r in results) {
print "Class: $r.className"
printf " with probability: %.3f%n", r.probability
def coord = [r.XMin * width, r.XMax * height, r.YMin * width, r.YMax * height]
println "Coord: ${coord.collect { sprintf '%.2f', it }.join(', ")}\n"

Class: car with probability: 0.998
Coord: 312.21, 456.01, 72.03, 150.66

Class: bicycle with probability: 0.905
Coord: 155.96, 383.84, 149.96, 418.95

Class: dog with probability: 0.823
Coord: 83.82, 206.64, 179.14, 476.79



Groovy Community Information n § compuriNg

e groovy.apache.org

* groovy-lang.org

e github.com/apache/groovy

e groovycommunity.com

 dev@groovy.apache.org

* users@groovy.apache.org

e @ApacheGroovy

e objectcomputing.com/training/catalog/groovy-programming/
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* https://www.analyticsvidhya.com/blog/2017/02/lintroductory-guide-on-linear-programming-
explained-in-simple-english/

®* Computational Mixed-Integer Programming
https://www.birs.ca/cmo-workshops/2018/18w5208/files/GleixnerAmbros.pdf

®* Integer Linear Programming: Graphical Introduction
https://www.youtube.com/watch?v=RhHhy-8sz-4

®* Integer Linear Programming: Binary Constraints
https://www.youtube.com/watch?v=-3my1TkyFiM
https://www.youtube.com/watch?v=B3biWsBLeCw
https://www.youtube.com/watch?v=MO8uQnlIch6l

® Linear Programming: Alternate solutions, Infeasibility, Unboundedness, & Redundancy
https://www.youtube.com/watch?v=eMAOLWsRQQ




