A
SR
OORBORES
:....6.:}\:,

OSIAE AN

ey
KRNI SXNAKNION
RO APROR AN

SOOSIIBE
2000000 0
COORRIAN I
RARN00000

200
SUAKAOOSDNN

X
(0000
AN
OAAAN

%,

units of measurement

Java-Backend

JIR-363 / JSR-385

hier auch)

(jo.

Frontend



Felix Schultze
Consultant at @br’\dg'\ng\T GMmbH
Quarano eV. supporter



1999: Mars Climate Orbiter => /dey/«



P
=
Bt
frmm
&/
&9
-
o= |
==
Bl
=

100

UNITS,




.
Lo

c

N May 2019
All units are defined by constants of nature

Eonstante exakter Wert

Strahlung des Caesium-Atoms* 91

Lichtgeschwindigkeit 299792458 m/'s

Photometrisches Strahlungsdguivalent** 6823 1lm/W
= rukturiibergang des Grundzustands des Caesium-133-Atoms

r monochromatische Strahlung der Freguenz 540 THz (griines Licht)

Source: hT’rps://de.vv'\K\ped'\a.org/w'\K\/lmemm“\onales_E\nhe\TensysTem
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https://de.wikipedia.org/wiki/Internationales_Einheitensystem
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Source: hitps//dewikipediaorg/wiki/internationales_Einheitensystem


https://de.wikipedia.org/wiki/Internationales_Einheitensystem

Phrase Example

Dimension Time

Quanﬂ’ry symbo\ 1

Dimension T

symbol

Unit name second

Unit symbol S

Quantity definite quantity (with/without

dimension)



Op'm'\on ahead



hﬂpsz/@avapro.\o/J‘sr—CSBS—haeﬁe—mars—orb‘\fer—
retten-koennen/



https://javapro.io/jsr-385-haette-mars-orbiter-retten-koennen/

nttps://unitsofimeasurement github.io/
JOR-363 -> API 10
JOR-385 -> API 2.x
Standard lmplementations


https://unitsofmeasurement.github.io/

</

A

>javax.measure</
>unit-api</

>1.0</ >

>



</

>javax.measure</
>unit-api</

>1.0</ >

>

>javax.measure</

>unit-api</
>2.1.3</ >
>



< >

< >tech.units</ >
< >indrivya</ >
< >2.1.2</ >

</ >






e Ol UNiTS
= Dimensions, Definitions, Faktors, Symbo\s.
Scales
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e Ol Units
= Dimensions, Definitions, Faktors, Symbo\s.
Scales
e Transtormations
» Comparisons (in Standardimplementierung)
o extendable SysTem of Units
o Prefixes (Kilo, Milli, etc)
° o1C.



Quantity<Volume> cubicMetre

= Quantities.getQuantity (!, Units.CUBIC METRE) ;



// Definition
Quantity<Length>
= Quantities

Quantity<Volume>
= Quantities

Quantity<Volume>
= Quantities

distance

.getQuantity (

cubicMetre

litres

.getQuantity (

4

MILLI (Units.METRE)) ;

4

.getQuantity (!, Units.CUBIC METRE) ;

Units.LITRE) ;



IPLE// C

// Definition
ComparableQuantity<Volume> cubicMetre
= Quantities.getQuantity (!, Units.CUBIC METRE) ;

ComparableQuantity<Volume> litres
= Quantities.getQuantity ( , Units.LITRE) ;

// Comparison
assertTrue (cubicMetre.compareTo (litres) == 0);



Quantity<Volume> oneMorelitre
= cubicMetre.add (Quantities.getQuantity (!, Units.LITRE));

Quantity<Speed> velocity
= Quantities.getQuantity (!, Units.METRE)
.divide (Quantities.getQuantity (!, Units.SECOND))
.asType (Speed.class);






Unit<Area> wrongSquareMM
= MILLI(UnitS.SQUARE_METRE));
// toString(): mm? => results in milli * (m) 2



Unit<Area> wrongSquareMM
= MILLI(UnitS.SQUARE_METRE));
// toString(): mm? => results in milli *

Unit<Area> correctSquareMM
= new ProductUnit<>(MILLI (Units.METRE)
.multiply (MILLI (Units.METRE)))
.asType (Area.class);
// toString(): mm? => results in (mm) 2

Unit<Area> anotherCorrectSquareMM

= ProductUnit.ofPow (MILLI (Units.METRE),

.asType (Area.class);
// toString(): mm? => results in (mm) ?

(m) 2

)



Can be confusion in the beginning
e Alternateunit
o AnnotatedUnit
e Productunit
e Transtformedunit



e Can be derived by multiple other units
e NO sca\’mg (Milli, etc)

JavaDoc:

Unit<Force> NEWTON
= AlternateUnit.of (
METRE .multiply (KILOGRAM) .divide (SECOND.pow (2)),
N
)

.asType (Force.class);



0 JroSJrr‘mgO: unitlannotation)

Unit<Length> ANNOTATED
= AnnotatedUnit.of (Units.METRE, "annotation");
// => m{annotation}



e Can be derived by mu\’r’\p\e other units
o Sca\'\ng poss\b\e (Milli, etc)
e No definition of unit symbo\

Unit<Area> SQUARE MILLI METRE
= new ProductUnit<> (
MILLI (Units.METRE) .multiply (MILLI (Units.METRE))
) .asType (Area.class);



e "Transformed" by other units
e "Transformed" with converters
e N0 definition of unit symbo\,J'uer “label”

Unit<Pressure> BAR
= new TransformedUnit<> (
Hbar",
Units.PASCAL,
MultiplyConverter.of ( )

) ;



Keep your units in a smg\e p\ace

class {
public static final Unit<Area> SQUARE MILLI METRE = ...;
public static final Unit<Area> BAR = ...;



Encapsu\me Your own Quantites b\/ de\ega’r'\on

class PipeCrossSection extends ... {

private PipeCrossSection (ComparableQuantity<Area> q) {
super (q) ;
}

static PipeCrossSection of (Quantity<Area> quantity) {
ComparableQuantity<Area> to = quantity.to (SQUARE MILLIT
return new CableCrossSection (to);



N 'mdr'\ya:Z.W.Z, its not that easy anymore..

abstract class BaseQuantity<Q extends Quantity<Q>> extends Abs
private ComparableQuantity<Q> delegate;

protected BaseQuantity (ComparableQuantity<Q> delegate) {

super (delegate.getUnit ()) ;
this.delegate = delegate;

}

@Override
public Number getValue () {
return delegate.getValue() ;

}

@Override
public ComparableQuantity<Q> add (Quantity<Q> quantity) {



JPA
15t idea: save concrete string



15t idea: save concrete string
DB: VARCHAR => eg: "0 mm?'



JPA
2nd idea: save string in base unit



2nd idea: save string in base unit
DB: VARCHAR => Kok 00001 Mm*"



@Entity

class Pipe {
@Column (name = "CROSS SECTION")
@Convert (converter = CrossSectionConverter.class)
PipeCrossSection crossSection;



@javax.persistence.Converter
class CrossSectionConverter
implements AttributeConverter<PipeCrossSection, String> {

@Override

String convertToDatabaseColumn (PipeCrossSection gs) {
return gs.to (Units.SQUARE METRE) .toString();

}

@Override

PipeCrossSection convertToEntityAttribute (String dbData) {
Quantity<Area> area = Quantities.getQuantity (dbData)

.asType (Area.class);

return PipeCrossSection.of (area);



JPA
Ard idea: save p\a'\n nuMmbey



Ard idea: save p\a'\n nuMmbey
DB: NUMBER => eg: "0.0007



@Entity

class Pipe {
@Column (name = "CROSS SECTION")
@Convert (converter = PipeCrossSectionConverter.class)
PipeCrossSection crossSection;



@javax.persistence.Converter
class PipeCrossSectionConverter implements AttributeConverter<
@Override
public String convertToDatabaseColumn (PipeCrossSection gs)
return gs.to (Units.SQUARE METRE) .getValue () ;

@Override

public PipeCrossSection convertToEntityAttribute (Number db
Quantity<Area> area = new AreaQuantity(dbData, Units.S
return PipeCrossSection.of (area);



Hth idea: usage of an embedded class



4Hth idea: usage of an embedded class
DB: NUMBER => 0.0001 and UNIT => '‘mm?*



@Entity
class Pipe {
@Embedded
PipeCrossSection crossSection;



@Embeddable
class PipeCrossSection {

@Column (name = "cross section value")
private BigDecimal value = BigDecimal.ZERO;
@Column (name = "cross section unit")

private String unit = SQUARE MILLI METRE.toString() ;

@Transient
ComparableQuantity<Area> getCrossSection () {
Unit<Area> parse = SimpleUnitFormat.getInstance ()

.parse (unit)
.asType (Area.class);
return Quantities.getQuantity(value, parse);



hmm, Kay,




ng“un\‘\'S:
https://hansmaadgithubio/ng-units/


https://hansmaad.github.io/ng-units/

ng“un\‘\'&
https://hansmaadgithubio/ng-units/

o Preﬁy good forjusT showmg quanﬂﬂes
o SysTemOfust not that well done
o Unintuitive usage


https://hansmaad.github.io/ng-units/

Js-quantities (js/ts):
hﬁpsz//gﬁhub.com/gemooboon’roo/J's—quanT\T\es


https://github.com/gentooboontoo/js-quantities

Js-quantities (js/ts):
hﬁpsz//g\fhub.com/genfooboonToo/J's—quanf\f\es

e Free definition of new/own units
e Transformations possible
 Formatting possible

* efC.


https://github.com/gentooboontoo/js-quantities

Aifsﬁgggg;éﬁﬁz1f

npm install js—-quantities --save
npm install @types/js-quantities --save # type definitions

import * as Qty from 'js—-quantities';




// Creation

new Qty ('l m') // 1 meter
new Qty ('l m*2') // 1 m?
new Qty ('l m2') // 1 m?

// Transformation
new Qty ('l m2').to('mm2') // 1000000 mm?

// Formatting
new Qty('l1.23 m').toPrec( ) // 1.2 m



ldea: Usage of plain Qtys
and rendering with pipes




ldea: Usage of plain Qtys
and rendering with pipes

export class QtyPipe implements PipeTransform {

transform(value: Qty, ...args: unknown[]): unknown {
return value.toString();

}

Te:"nplm‘e

Pressure: {{ pipe.pressure | gty }} => bar



Defined YOUr own unit?



Defined YOUr own unit?

export class CrossSectionPipe implements PipeTransform ({

transform(value: Qty, ...args: unknown[]): unknown {
return value.toString() .replace (/2S/, '2"'");

}

Template

Cross—-Section: {{ pipe.crossSection | crossSection }} =>

mm



* parsing of many units by default

* parsing of 'mm* fails, easy 1o fix

* bar, which has 1o be defined in backend
= exists in frontend



Exchange of strings (

Backend < 'L Frontend

"pipe'l : {
"pressure": "10 bar",
"crossSection": "10 mm?2"



o Units keep your code erpe—safe
e UNits define your quantites exp\’\c'\ﬂy
e Dokumentations (FE/BE) can be improved :-)
* Integration FE<->BE preﬁ\/ easy
o |f You do not need transformations, etc
. => maybe a plain ValueObject is enough -)
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