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Preface

This document explains how to use the MotiveWav&oftware Development Kit (SDK) to implement
custom studies and strategie3he primary audiere of this material is individual traders, or consultants
(both with a programming backgrounedka developepslooking to implement (and possibly distribute)
custom studies anar strategies.

TeRS@St 2LIYSyd 1AG Aa ol aSR 2 Whila &d&nced kablviedgd oNtRisS NI Y
language is not required, it is recommended that the person implementing the study or strategy have a
basic background in the language before reading this document.

Developers are free to use any development environmeiuding the command line tools in the
Javat Development Kit. Examples provided will be with the Eclipse IDE (Integrated Development
Environment) available from: http://www.eclipse.org.

This document is intended to be a guide on how to use the SDI§ aad a complete programming
reference. API (Application Programming Interface) documentation is available (generated using
hN} Of SQa WI @gFR20 (22f0v GKIFIG SELXFAya Ftf 2F (KS
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Change History

Several ehancements have been added in version 1.1 of the (Bi2ise are compatible with version 2.2
and highe? ¥ a 2 (0 A @ SheseBlancémentsnclude the following:

1. Path Color; The color of a path can be changed dynamiaally I G { SNA SayYvyaSatl @
API documentation)

2. Multiple Instruments ¢ Studies/Strategies may incorporate data for one or more instruments.
Trades may also be placed on more than one instrument.

3. Composite Studieg A study may be composed of multiple study plots and overlays.

4. AccesgControl¢ Distribution and usage of your studies/strategies can be controlled and
managed using a web interface.

5. Trading Sessions These may be used to constrain the trading hours for a strategy (intraday data
only).

6. Help Link¢ This new attribute on th&tudyHeader allows you provide a link to a webpage with
more information on the study/strategy.

The following changes have been added in version 1.2 of the SDK tieesempatible with version 5.0

FYR KAIKSNI 2F az20A0S2 | @gSlathedollowhd SaS Sy Kl yOSYSyia
1. Tick Datag Support for live and historical data. See section on Tick data.

The following changes have been added in version 1.3 of the SDK (these are compatible with version 5.3

YR KAIKSNI 2F az20A0S2| @Suvedollowitg SaS Sy Kl yOSYSyia
1. Resize Pointg Support mouse interaction using resize points.
2. Context Menug Support for custom items added to the context menu (right click on study)

Version 1.3 ©2019Mot i veWaveE Page 2 of 85



Moti veWavekE
SDK Programming Guide

Table of Contents

motivewlave

Preface 1
Change History 2
1 Introduction 5
1.1 Whatis a Study? 5
1.1.1 Overlays 3
1.1.2 Study Plots 6

1.2 What is a Strategy? 7
1.3 Distribution 8
1.3.1 Access Control 8

2 Fundamental Classes 9
2.1 Packages 9
2.2 Study Class 9
2.3 StudyHeader 11
2.4 Describing User Settings 11
2.4.1 SettingsDescriptor class 13
2.4.2 SettingTab Cks 14
2.4.3 SettingGroup Class 15

2.5 Settings class 16
2.6 Runime Settings 18
2.6.1 Composite Studies 19

2.7 DataContext Interface 20
2.8 DataSeries Interface 21
2.9 Multiple Instruments 23
2.9.1 Design Time 24
2.9.2 Run Time 26
2.10 Custom Context Menu 26
2.11 Miscellaneous Classes 28
B3hoSNI e 9EIYLX SY Waé az2@gAiy3a ! gSNI 3SQ 30
3.1 StudyHeadeAnnotation (@ StudyHeader) 31
3.2 initialize method 32
3.2.1 Design Time Information 34
3.2.2 Run Time Information 36

3.3 calculate method 36

4 {GdzRé& tf20 9EI YL SY W{AYLXS a!/5Q 38
4.1 StudyHeader Annotation (@ StudyHeader) 41
4.2 initialize method 41
4.3 calculate Method 43

5 Drawing Figures 45
5.1 Figure Class 45
5.2 Box 46
5.3 ColorRange Class 46
5.4 Line Class 47
5.5 Polygon 47
Version 1.3 ©2019Mot i veWavecE Page 3 of 85



Moti veWavekE
SDK Programming Guide

5.6 ResizePoint
5.6.1 Resize Types
5.6.2 Absolute Positioning
5.7 SinglePointFigure
5.7.1 Marker Class
5.7.2 Label Class
6 Signals
7 Tick Data
8 Strategies
8.1 StudyHeader
8.2 Study Class
8.3 OrderContext Interface
8.4 Order Interface
8.5 Trading Sessions
8.5.1 Runtime Support
8.6 Sample MA Cross Strategy
8.7 Strategy States
8.8 Manual Strategies
8.8.1 Entry States
9 Logging
10Internationalization
10.1 Example: MACD
11Deployment
11.1 Packaging
11.2 Loading Extensions
11.3 Third-Party Libraries &rs)
12 Environment Setup
12.1 Where do | get the SDK?
12.2 Installing Java
12.3 Installing Eclipse
12.4 Creating a Project

motivewlave

47
48
49
49
50
50
51
54
56
56
57
58
60
62
63
64
66
67
68
70
72
72
75
75
75
76
77
77
77
77
77

Version 1.3 ©2019Mot i veWavetE

Page 4 of 85



Moti veWavetE

SDK Programming Guide “ nOtlve aveﬂ*

1 Introduction

Welcometothea 2 G A @S2 | @Su {2F06I NB 5SSt 2LIVSyd YAG 6{5
you are interested in developing a custom study and/or strategy fougeli KAy a2 GA @S2 @Sy

Yy2gf SRAS 2F GKS WF@In LINRPINIYYAYy3I drly3Iddz-3S Aa
studies/strategies. If you are unfamiliar with this language, it is recommended that you consult a book
or take a basic course on Java programming.

All of the studies and strategies that are built into MotiveWawsere programmed using the SDK. The
saurce code for these are freely available andy be used as examples or starting points.

Before you begin, it is important to understand studies and sge&® and the difference between them.

1.1 What is a Study?

Astudyuses historical price and/or volume tdao display new information to the user to assist them in
making buying or selling decisionBhere are two types of studies:

1. Overlays
2. StudyPlots

It is also possible to create studies that contain multiple plots and overlays

1.1.1 Overlays

Overlays displajnformation that is drawn on top of an existipdpt (most typically the pricglot). What
is actually displayed depends on the study itself. Some exangblwhat a study may display include:

1 Pathsq A path is aseries ofinesthat connects data points Examples of this include a moving
averageor price bands

1 Markers¢ Markers may be used to indicate points of interest (such as buy, sell or stop loss

locations). Markers come in many forms: arrows, circles, triangles, letters, numbers etc

Shadeg; Area of aplot may be shaded to indicate zonekinterest

Lines¢ May include trend lines, support or resistance areas

Paint Barg; Price or volume bars madye displayed using specific colors

Text¢ Descriptive text may be used to explain elements of thelgtu

Figuresg any type of figure or drawing may be drawn oplat as part of the overlay.

Indicators¢ Indicators may be added to the vertical axis to shbe current value of a study.

= =4 =4 4 -8 9

The following screen shot illustrates an example of some of the elesrikat may be part of an overlay:
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Figurel - Overlay Example
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1.1.2 Study Plots

Studyplots displayinformationdrawn in aplot that is separate from the pricplot. The typical reason
why this is displayed in a separait is becage the values generated are independent (or outside) of
the price range.

Overlays may be added to a studlgt to display additional information (such asreoving average).
The following screen shot shows some examples of gplmtg:

Version 1.3 ©2019Mot i veWaveE Page 6 of 85



Moti veWaveeE

SDK Programming Guide AﬂOtlve ave
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1.2 What is a Strategy?

Astrategyis a special type of study that may be used to automate or partially automate trating.
addition to displaying the study information Gontrol Boxis made available that allows the uder
activate/deactivatea strategy and view important runtime information. The following screen shot
shows an example of the Moving Average Cross Strategy
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Figure3 Strategy Example
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1. Automatic ¢ Once the user activates the strategiywill automatically buy and sell based on the

internal logic.
2. Manual¢ In this mode, the user tellhe strategy when it is OK to enter.

1.3 Distribution

Sudies (and strategies) may be distributed to useygpackaging them together in Jar (Javarchive)
files. If you feel the need to protect the contents of these packages you may use obfuscators (such as
ProGuard) to prevent reverse engineering of the binary code.

1.3.1 Access Control

You can control the acesto asetofi 1 dZRA Sak a 0N} 6S3IASa o0& dzaAy3d GKS
| S RSN {SGGAY3 GKA& | {0GNRK O dydhave giventhcaddiz®ilDbe ¢ A © f
allowed to load and execute studies and strategies in the given naroespa

I 00Saa O2yiNRt NBIdzANBa |y | 002dzyd G2 06S &Sidzd
feature, send an email requesting that an accouatdoeated tosupport@motivewave.com
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2 Fundamental Classes

This section describes the fundamental classes that you will need to interacivivhbuilding your
custom study/strategy. For a complete view dfddlthe classes/interfaces in the SDK, please consult
the APl documentation.

2.1 Packages
The SDK consis of the followingé packages:

1. com.motivewave.platform.sdk.commorg Contains common classes and interfaces. These
Ay Of dzRS WAYT2Q GifAHf5Aa0a 5F d8YIGASNA-&G AF2yyRE SW Q2 v (I S E (
functionally and data from MotiveWawve

2. com.motivewave.platform.sdk.common.desg/ 2y G Aya W5S&ONA LI 2N Of
describe settings and values to the MotiveWaweintime environment.

3. com.motivewave.platform.sdk.commonmenu¢ Contains classes for implementing custom
context menus.

4. com.motivewave.platform.sdk.drawg The classes in this package are used to draw figures on
the price and studyplots.

5. com.motivewave.platform.sdk.study; Containghe base classes for creating and interacting
with studies and strategies.

6. com.motivewave.platform.sdk.order_mgmtg Contains classes/interfaces for managing orders.
These are used in conjunction with strategies.

2.2 Study Class

The Studyclass is the base dafor all studies and strategies. When implementing any study/strategy
you will first start by dexiing directly or indirectly from this class.

Why is there no Strategy Class?

Strategies are a specialized version of a study, in fact most strategibased (at least in part) on an
existing study. If there was a separ&tategyclass it would be fficult (if not impossible) to implement &
strategy by deriving from an exisg study. It is for this reason that the methods and properties that are
specific to strategies are included in tfgtudyclass.

For most studies there are two methods that ywill override:

1. initialize ¢ The purpose of this method is to describe the user configurable settings for the study
and describe the runtime behavior.
2. calalate ¢ This method calculates the values for the study at the given historical bar.

The following dagram illustrates the basic elements that you need to be concerned with in the Study
class. For a complete list of methods and properties, see the ARndmtation.
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Figure4 - Basic Study Methods

package com.motivewave.platform.sdk.study;

f*% This is the base class for all studies and strategies. */

public class Study All studies/strategies derive
i directly or indirectly from this class

f*% This method is called to initialize the design
mblic woid initialize (Defaults defaults) {}

Initialize the settings and
describe the runtime

behaviour of this stud
J#% Override this method to calculate the values a Y

the data =series. This method is called from <brcalculateValues (ctx)</b>
and <b>onBarUpdate (gLx)</b>

iparam index - index in the data series Calculate the values for
tparam ctx - Data Context */ the given index in the data
eprotected vold calculate (int index, DataContext ctx) {} seres.

f** By default, this method iz called on events where the data series has been affected. */
protected wvoid calculateValues (DataContext ctx)
{

DataSeries serie=s = ctx.getDataSeries(): Opﬂonaﬂy,youcanovenhe

for(int i = 0; i « series.size(); i++) { these methods, but for most
if (series.isComplete (i)} continne; mumestMEisunnecessaw.
calculate (i, cotx):

H

}

S*% This method i=s called when the latest bar in the data series has been updated. */
public vold onBarUpdate (DataContext ctx) { calculate (ctx.getDataSeries().size()-1, ctx); }

W W '.p\i‘-"r\hwqu“‘r"-'-‘“‘w"iu.fidi‘b-hm"kw‘ﬁhquh“"f*hU‘“‘P,‘Pa

There are 3 main properties the Study class that are important for implementing a study:

1. Runtime Cescriptor¢ this describes the runtime behavior of the study

2. Settings Descriptog, This describes the user settings

3. getSettings()g This is typically used in tlwalculatemethod to getaccess to the settings that the
user has chosen.

Figure5 - Study Properties

qu.blic. FEuntimeDescriptor getBuntimeDescriptor() {...} Describes
public void setRuntimeDescriptor (RuntimeDescriptor dese) {...} |runtime behavior

public SettingsDescriptor getSettingsDescriptor() {...} Describes user
public void setSettingsDescriptor (SettingsDescriptor =d) {...} EEtT.ingE

puoblic Settings getSettings() {...¥
public volid setSettings (Settings settings

Provides access
to the settings

JS#% This convenience method gets the StudyHea defined for thi

public StudyHeader getHeader() {...}

,'E
{

f#% Gets the display label for this study including setting wvalues. */ )
public String getLabel() {...}

T NP NP SR ot L S SN N
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2.3 StudyHeader

The StudyHeadeis an annotation thats required on every class derived from tBwidyclass. The
purpose of this annotation is to desige staticinformation about the study/strategy.

TheStudyHeadeis read when the Study class is first loaded and is used to register the study with
MotiveWavet and make it available ithe{ G dzZR& Y Sydz I yR (GKS W! RR { (idzRe¢

The following screen shohews some of the important properties of tf&tudyHeader For a full
description of all properties see the API documentation.

Figure6 - StudyHeader properties
package com.motivewave.platform.sdk.study;

The StudyHeader describes static

@Target(ElementType. TYPE)
public @interface StudyHeader

{

/** Namespace for this study (Must be unique for your organization) */
String namespace();

/** Unique (within the namespace) ID for this study. */
String id();

/** @return true if this study should be protected by nan
boolean secured() default false;

/** Resource bundle to pull translatable strings from. *
String rb() default "";

/#* HTTP Link to a website that displays documer®et=I0M on
String helplink() default "";

/** Displayed name of this study. */

String name();

J¥¥ Menu to display this study under (optional). */
String menu() default "";

Together, these uniquely
identify a study/strategy.

Use this to control access
to this namespace.

Displays help button to .
link to a webpage. -/

Displayed in the menu
and Study Dialog.

/¥* Description displayed in the study dialog. */ Displayed in the Study
String desc(); Dialog (html tags allowed).
/** Name displayed on plot label (uses name if not specifoewpy

String label() default "";

/** Indicates if this study is an overlay that may be pld Identifies as either an overlay §
boolean overlay();

t lot (false).
/** Indicates if this study can be overlaid on any plut.:*‘{rue} or a plot (false)
boolean studyOverlay() default false;
/** Indicates if this study generates signals. */

boolean signals() default false; true if signals are generated
/** @return true if this study is a strategy. */
boolean strategy() default false; true if this is a strategy

2.4 Describing User Settings

The MotiveWavet SDK provides a lot of fldiity whendescribing user settings for a studgettings
may be organized into tabs and groups which are displayed in the study dialog. Motive\Alave
provides many different setting descriptors to represent different types of settings.
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The followng screen shot illustrates the study dialog for a CCI study:

Commodity Channel Index (CCI) X

Figure7 - Study Dialog
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The classes for describing user settings can be foutigeipackage:
com.motivewave.platform.sdk.common.descThe following UML (Universal Markup Language)
diagram illustrates the high level classes involved laow they relate to each other. For a full list of the
availableSettingDescriptoclasses, see th&P1 documentation.
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Figure8 - Descriptor Classes

SettingsDescriptor
+addTab() - -
+getTabs() SettingTab SettingGroup
+addDependency() ‘_—name ‘__-name
+getDep_endencies() 1 +addGroup() 1+ +addRow()
+getSettings() +getGroups() +getRows()
+getSetting()
+getDefaultValue() 1 ?
*
Contains all of the - -
setting descriptors. SettingDescriptor
rame Base Class for all
. setting descriptors
label 9 P
-showLabel
-defaultValue
-enabled
-supportsDisable
+createlnput()
N\ For a full list, see API
documentation.
|BarDescriptor| |Co|orDescriptor| |InputDescriptor| |IntegerDescriptor| |PathDescriptor .

2.4.1 SettingsDescriptor class

TheSettingsDescriptarlass contains all of the user configurable settings.instance of this class
should be createdyi  dirftiglize®nethod (of the Study clasapd assigned to the study using the
WetSettingsDescripttdr YSG K2 R®

There are two methods in this class tteae important

1. addTabc Adds a SettingTab object that contains settings on a tab in the Study Dialog
2. addDependency Used to identify dependencies between settings. For example, an
Yoyl of SR5SLISYRSY O QBogléahSettingsyfriemfaBe. I aSd G Ay 3
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Figure9 - SettingsDescriptor
package com.motivewave.platform.sdk.common.desc;

JS#*% Contains all of the Settinglescriptor instances that describe the usexr
configurable settings for the study. These settings are organized into
tabs to be displayed in the Study Dialog. */

poblic class SettingsDescriptor

{

S*% Gets gll of the SetctingDescriptor instances declared for this
study *,
poblic List<SettingDescriptor>» getSettings() {...}
JS**% Gets all of the SettingDescriptor associated with the given name. */
puoblic SettingDescriptor getSetting(String name) {...}

*

I W WY W e v

JS#% Gets the default walue for the setting associated with the given name.
public Cbhbject getDefaultWValue (String name) {...}

S*% Gets the tabs (as displaved in the Study
public List<SettingTab> getTabs() {...} Adds a tab to the to be
J/*¥*% Ldds a SettingTab. */ displayed in the Study

‘public'. void addTab (SettingTab tab) {...} Dialog. The tab will contains
Setting Descriptors.

JS*% BLdds a dependency between 2 or more SettinocDescripto B
public woid addDependency (InputDependency d) {...} Adds a dependency
f/** Gets the list of setting dependencies. */ between settings.

poblic List<InputDependency> getDependencies() {...}

2.4.2 SettingTab Class

TheSettingTalclas represents a tab in the study dialog. This simple class consists of a name (to display
in the tab) and a set dettingGroupnstances.
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FigurelO- SettingTab class
package com.motivewave.platform.sdk.common.desc;

f#** Tdentifiezs a set of groups that may be organized in a tab. */
public class SettingTab
{

/®%% Creates a tab with the given name */
‘pu.blic SettingTab (String name) {...}

fS#% Gretnrn the human readable name of this tab. */
poblic String getHame () {...}

f#% Bhdds a group of settings. */
‘public'. void addGroup (SettingGroup grp) {...}

f*% @Ereturn the list of setting groups in this tab. */f
public List<SettingGroup> getGroups() {...}

R \-‘\x._ 0“ LNOT e SRR R qr""‘"“*-h,’-f

2.4.3 SettingGroup Class

TheSettingGrouglass organizes relatee@tsings into a named group. The group consists of a set of
rows that eaclcontainsl or more setting descriptors.

W W WU W

Figurell - SettingGroup class
package com.motivewave.platform.sdk.common.desc;

f#% ITdentifies a set of inputs that are to be arranged as a group when
displaying the configuration dialog to the end user.
The input group con=ists of a series of row. By default each
input element is placed on a separate row (in the order in which
they are giwven). To place more than one element on the same row,
pass multiple setting descriptors to the addRow method. #/
public class SettingGroup
{
f#% Creates a SettingGroup with the given name. */
.pu.blic: SettingGroup (String name) { iName = name; }

f*% @Greturn the name of the group (displayed in the Study Dialog. */
poblic String getMHame () { retorn iName; }

A S9Ny

S#% hdds a row with 1 or more inputs. */
‘public'. vold addBow (SettingDescriptor... row) { iRows.add(row): }

f#% Gets the rows in this group (each row may contain 1 or more inputs) */
public List<SettinglDescriptor|[]> getRows() { retorn iRows=s; }

ﬂ*—k\,"‘4‘bnui"lﬁ"*-""'“1-h1q"\‘d‘r*-mx\thrp\‘.“H-m'puuﬂhﬂlﬂﬂmi'nnnx
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2.5 Settings class

The Settingsclass contains all of the information about the segs configured by the user of the study.
You can access this class by usinggétSettings()method in theStudybase class.

Many of the setting descrigtNJ Of  3aSa KIS O2@NMBaALRZYRAY3I WLY T2
com.motivewave.platform.sdk.commoipackage}hat contain the user specific settings. These may be

F O0SaaSR dzaAy3a | &S sktthgeclagsT ThBIBWING sckeénistioriliksirated yomé K S
of these methods. For a complete description of 8edtingsclass and the Info classes see the API
documentation.
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Figurel2 - Settings class
package com.motivewave.platform.sdk.common;

S** Encapsulates the configuration information for a study or strategy. *
poblic class Settings implements Cloneable
{

Y

f** Gets the SettingsDescriptor obiect that descrikbes the user settings.
public SettingsDescriptor getDescriptor()

f**% Gets the double value associated to the given name. */
puoblic Double getDouble (String name)
f*% Gets the double wvalue associated to the given name. */
puoblic Integer getlInteger (String name)
f*% Gets the boolean value associated to the given name. */
puoblic EBoolean getBoolean (String name)

S#% iretnrn the PathInfo associated to the given name. */
puoblic PathInfo getPath (String name)
S*% [iretnrn a set 1 the registered path names. */
poblic Set<String> getPat

S#% Gretorn the MarkerInfo associated he given name. */

public MarkerInfo getMarker (5tring name)

f*% EBreturn a set of all the i ers. */

puoblic Set«<String> getMarkers()

S** @return the IndicatorIn ated to the eI

poblic IndicatorInfo getIndicator (Strin }

Info’ classes. See
common package.

S** Ereturn a set of all the regi
public Set<S5tring> getIndi

S**% Gretunrn the i I ven name. */ -

JS¥*% @Eretnrn a set of all th
poblic Set<5tring> getB

f** @Greturn the 3] i the given name. */
f*% Ereturn a set of al shade names. */
public Set«<S5tring> g hades ()

S** Eretunrn the ideInfo associated to the given name. */
poblic GuideInfo getGuide (String name)
SE% Gretnrn a set of all the registered guides. */f

poblic Set«<String> getGuides= ()

S*% fAretorn the input key associated to the given name. */
public Chject getlnput (String name)
J** Ereturn a set of all the registered input names. */
poblic Set«<String> getlInputs()

;

S*% Ereturn the Color asscociated to the given name. *)

Fr**"’"wwhfww"\

‘\
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2.6 Runtime Settings

The RuntimeDescriptofcom.motivewave.platform.sdk.studypackage) isised to describe runtime
behavior for the study.This includes the following:

1. Label Settingg usedto describe how the label is generated
2. Export Valueg These are values generated by the study that may be used outside of the study.
3. Declare Elements These methods associate values generated by the study to visual constructs
2y UKS WRS TbomjzbsiieStudiss Below foransr& information)
a. Pathsg A series of values connected by lines
b. Barsc Vertical bars displayed onpdot
c. Signalg; Signals geerated by the study
d. Indicatorsc Indicators displayed on the vertical axis
4. StudyPlot Settingg(defaut plot)
a. Top/Bottom Insetg; Used to add spacetthe top or bottom of the plot
b. Vertical Range Range of the vertical axis
c. Min Tickg precision of the vdrcal axis values
d. Horizontal Lineg Horizontal Ines displayed on the study plot

Why do | need to dclare elements such as a Path?
L 2dz Y@ Al @ 2 dzZNRShDasaiptdbas éther deseriftér yladses) dldéSinclude the vald
1 S & K Q dhis mayknfake Sense in most situations, it does not allow you to use the same path
information for mdtiple paths. Consider for example a case whgrehavea price bandsstudyandyou
want to have the same settings for the top and bottom bands. Byaded the path for the top and
bottom values as the same path info, you are able toise this desdptor object.
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Figurel3- RuntimeDescriptor class
package com.motivewave.platform.s=sdk.study;

S*¥% This class describes 'runtime' settings for the study. */F
poblic cla=ss RuntimeDescriptor
{
JS#*% TUse this method to identify which settings should be part of
the graph label (and to identify the study). */
poblic volid setlLabelSettings (5tring... vals)

S#% Use this method to identify the numeric wvalues generated by
this =study that are to affect the wertical range of the graph
(when auto =scale is turned on). */

public void setRangeFeys (Cbject... keys)

J/#*% Exports a wvalue so that it may be used outside of the context */
poblic vold exportValue (ValueDescriptor desc)

S#% Declare a path associated with the given walue key. Settings for the
path are resolved using the pathSettingsKey. At runtime a path will
be drawn (if enabled) using the walues defined by the wvalusEey. */

public wvoid declarePath (Cbhject walueFey, String pathSettingsEey)

J/*% Lesociates a value key to an indicator. */
poblic vold declarelndicator (Chject wvalueEey, String indicatorEevw)

S#% Declare a bar seguence associated with the given wvalue key. Setctings
for the bars are resolved using the pathSettingsEey. AC runtime a set
of bars will be drawn (if enabled) wusing the wvalues defined by the valusFevy. ™

public wvoid declareBars (Cbhject walueFey, String settingsEey)

"-’W"’m ‘&M,\*_g?g"

J/#**% Declare a signal with the given key and user readable string. */
poblic vold declareSignal (Cbhject kevy, S5tring label)

S*% Bdds & horizontal line to the graph using the information defined in Lineln
poblic vold addHorizontallLine (LineInfo info)

/*% Bets the top inset (in pixels). */
public void setTopInsetPixels (int pixels)
/**% Sets the bottom inset (in pizxels). */
poblic vold setBottominsetPixels (int pixels)

S#% S5ets the minimum tick for the vertical axi=s (if this i=s not an overlay).
Set to null (default) to automatically detect the min value. L
poblic vgid setMinTick (Double d)

2.6.1 Composite Studies

The majority of studies consist of either a single oveolag single plot. Version 1.1 of the SDK allows
you to create studies that consist of multiple syuplots and (optionally) overlays on the price plot.
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TheRuntimeDescriptotlass enables you to define additional plots for a study. This class has been
enhanced in version 1.1 to allow the definition of additional plots using the Ri®iclass (see
com.motivewave.platform.sdk.studypackage).

The majority of methods on thRuntimeDescripto0of a4 2LIJSNI 0SS 2y (KS WRSTI
the case ban overlay, the default plot will be the plot where the overlay was added. For example,

when you ad a simple moving average (SMA) to the price plot, the default plot for the overlay will be

the price plot.

Additional plots may be defined using tRéotclass. Each plot has independent settings for labels, tabs,
range keys etc and elements are decthseparately for each plot (ie paths, bars etc). The following
diagram illustrates the relationship between tRantimeDescriptoand thePlotclasses.

Figure1l4 Runtime Descriptor and Plot classes

Plot
RuntimeDescriptor -name
+addPlot() -labelPrefix
+getPlot() -labelSettings
+getDefaultPlot() -tabName
+getPricePlot() -showLabel
+exportValue() -rangeKeys

-toplnsetPixels

@ ————————-bottominsetPixels

+declareSignal()
[+declarePath()

These +declareBars() 1 *  [-minTick
delegate +declareGuide() -enabled
to the +declarelndicator() -
@efaultd +setLabelSettings() +declarePath()
plot +setRangeKeys() +declareBars()
|+addHorizontalLine() +declareGuide()
+...0) +declarelndicator()

+addHorizontalLine()

Two reserved plots are defined:
Plot.PRICE i represents the price plot.
Use this to add overlays on the price plot.
Plot.DEFAULT i represents the primary
study plot.

2.7 DataContext Interface

The DataContexinterface providsaccess to historical data as well as utility methods for interacting
with the study framework.

The following diagram illustrates some of the useful methods:
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Figurel5 - DataContext Interface
package com.motivewave.platform.sdk.common;

f*% Thiszs context provides an access point to services relating to data. */f

public interface DataContext

{
JS*% Gets the primary data series. */
DataSeries getDataSeries|():

f*% Gets additional data series obijects of a different bar size. */
DataSeries getDataSeries (BarSize barSize);

f*¥% Gets the instrument associated with this context. */
Instrument getInstrument () ;

f*% Triggers a signal with the given key, message and value.
Hote: An actual =signal is only triggered if =ignals have been configured.
iparam index index of the bar that triggered this =ignal. HNote: =ignals

are only fired for the current bar when it i= completed

iparam signalKey event name of the alert (displaved to user)
iparam message describes the signal (dislayed to the user, if an alert)
iparam value wvalue that triggered the alert (displayed to user) *

vold signal (int index, Cbkbject signalEey, String message, Cbhject wvalue);

f*% @Greturn true if this is regular trading hours (rth). */
boolean isRTH():

f** Gets the current time. Thisz iz the time synchronized with
the Broker/Data Service (if supported by the underlying service). #/
long getCurrentTime () ;

%
|
|
}
,l

2.8 DataSeries Interface

The primary objective of th®ataSerieinterface is to provide a repository for historical price data and
data ggenerated by the study. Data stored in this interface is accessed by a numerical index which
represens the price bar where the data applies.

The following diagram illustrates the structure of the data in the data series. Essentially the data is an
are®@ 2F (Gl 06fSa 6KSNB GKS AYRSE UYwM M3 OKKS (FAINRAID
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Figure 16 - Data Structure

[0] [index] [size()-1]
=
Open Open Open
High High High
Low Low L Historical Low
Close Close Data Close
Volume Volume Volume
Open e Open et Open
Interest Interest ) Interest
ATR ATR ATR
True True Derived True
Range Range Data Range
Values. Values. Values.
RSI RSI Computed RSI
Values. Values. by Study Values.
MACD MACD MACD

TheDataSeriesnterface also contains a number of convenience methodsdtculating common values
such as moving averages, swing poanris lowest or highest values.
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Figurel7 - DataSeries Interface
package com.motivewave.platform.sdk.common;

Jl,l':?c:éc

£

Represents a series of price bars that are displayed on a chart.

Values of the price bars are accessed by specifying the index when retrieving a value
Study values are stored in this structure as they are computed by a study.

* This interface also provides many convenience method for calculating moving averages,
* swing points, highest high, etc.

:éch,-'

public interface DataSeries

{

k.

*

J** Gets the number of elements in this data series.
f@return the number of elements in this data series. */
int size();
J** Gets the size of the bars in this data series. @return the bar size of this data
BarSize getBarSize();
/** Gets the type of data available in this data series. @return the type of bar data
Enums.BarData getBarData();
f** Gets the instrument for the data in this data series. @return the instrument for t
Instrument getInstrument();
/** @return the high value of the price bar at the given index. */
float getHigh(int index);
/** @return the low wvalue of the price bar at the given index. */
float getlow(int index);
/** @return the open value of the price bar at the given index. */
float getOpen(int index);
J** @return the close wvalue of the price bar at the given index. */
float getClose(int index);
/** @return the volume of the price bar at the given index. */
long getVolume(int index);
/** @return the start time (in millis) of the bar at the given index. */
long getStartTime(int index);
f** Calculates a Moving Average. MNull values and wvalues of Double.MNal are ignored in
Double ma(Enums.MAMethod method, int index, int period, Object key);
/** Calculates the average true range based on the most recent complete bars. */
Double atr(int period);
/** Returns the highest wvalue over the given sequence of wvalues. Null wvalues and wvalue
Double highest(int index, int period, Object key);
J** Returns the lowest wvalue over the given sequence of values. Null values and values
Double lowest(int index, int period, Object key);
J** Calculates and returns a list of swing points of a given strength or greater. */
List<SwingPoint> calcSwingPoints(beolean top, int strength);

2.9 Multiple Instruments

Version 1.1 of the SDK offers support for multiple instruments. This allowyetrieve real time and
historical data for one or more instruments (beyond the primary instruméntytudies and strategies.
For strategies you may also place orders for multiple instrumg@s section on strategies)
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Please NoteNot all editon2 ¥ a2 0 A @S2 | dSu Ay Of dzZRS & dzLJLI2 NIi T2 NJ
studies requiring multipléenstruments will not be accessible to the end user.

2.9.1 Design Time

Usage of multiple instruments requires the declaration of this feature irStiuelyHeadeand usage of
the InstrumentDescriptoto declare the instruments that will be used at run time.

Thereare essentially two items that are necessary to enable multiple instruments as part of the design
time:
1. Declare support for multiple instrumentg In the SudyHeadelset the attribute
multipleInstrument=true
2. Declareone or more instrumentsin the initialize() method ¢ Use the InstrumentDescriptor to
declare one or more instruments. For details on how to use this class, see the API
documentation.
The followngO2 RS &y A LIJISG At f dzaufipdindt@riientli K-Si (dxEAF 63d%in 2 FA YU KiSK
Spreadstudy:
Figurel8 Multiple Instrument StudyHeader

J** Instrument Spread */

@StudyHeader(
namespace="com.motivewave",
id="5SPREAD",

rb="com.motivewave.platform.study.nls.strings",
name="TITLE_SPREAD",
desc="DESC_SPREAD",

menu="MENU_INSTRUMENT",
overlay=false, This attribute must }

multipleInstrument=true, be set to true
requiresBarUpdates=true)
public class 5pread extends com.motivewave.platform.sdk.study.S5tudy

{
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Figurel9 InstrumentDescriptor
public class Spread extends com.motivewave.platform.sdk.study.S5tudy

{

enum Values { SPREAD };
final static String MULTIPLIERI
final static String MULTIPLIERZ2

"multiplierl”;
"multiplier2”;

@0verride

public void initialize(Defaults defaults)

{
SettingsDescriptor sd = new SettingsDescriptor();
5etSett1ng5D95cr1ptor(sd},

SettingTab tab = new Sg "1);
sd.addTab(tab}; Use the InstrumentDescrptor

to declare and allow users to
SettingGroup inputs = n Chooseinstruments. INPUTS"));

inputs.addRow(new InputDEscri 5 get("LBL_INPUT"), Enums.BarInput.valu
inputs.addRow{new In5trumentDe5cr1pt0r(InputS INSTRUMENT1, get("LBL_INSTRUMENT1")));
inputs.addRow(new DoubleDescriptor(MULTIPLIERL, get(" LBL_MULTIPLIER ), 1.8, 8.81, 166
inputs.addRow(new InstrumentDescriptor(Inputs.INSTRUMENTZ2, get("LBL_INSTRUMENTZ2")));
inputs.addRow{new DoubleDescriptor(MULTIPLIER2, get("LBL MULTIPLIER"), 1.8, 8.81, 166
tab.addGroup(inputs);

The following screeshot demonstrates how the InstrumentDescriptor enables the user to choose the
instrument when they @ate the study

Figure20 Instrument Input

Spread x

Computes and displays the difference between two instruments and displays it as a graph. Use the multipliers to
adjust the generated values.

Inputs

Instrument 1: - v'| Chart Instrument
Multiplier-

Instrument 2 | EUR/USD - || Instrument Inputs

Multiplier-

Operation: | Subtract(-) =

Invert:
Display

Price Bar, [
Indicator: | 1 - Line v/| Display

Create Save Defaults Cancel
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2.9.2 Run Time

Several enhancements have been added to the SDK to enable access settihg$aainadl/real time
information in the run time portion of the study:

1. Settingsc a new methodyetinstrument(keypn the Settings classlows you to retrieve the
instrument that the user chose when they created (or modified) the study.
2. DataSerieg; sevenl new methods have been added to tBataSeriesnterface for retrieving

information. Essentiallfhese are overloaded methods &S (i 52 dzA S 6D XAKO X0 X 3IS

3SG/t2aSoxo SuoOo
The following code snippet from the Spread study shows how to retabesen instruments and
historical data from the DataSeries interface:

Figure21 Spreadcalculatemethod
public class Spread extends com.motivewave.platform.sdk.study.Study

d

@verride

protected void calculate(int index, DataContext ctx)

1
Enums . BarInput input = (Enums.BarInput)getSettings().getInput({Input
Instrument instrl = getSettings().getInstrument(Inputs.INSTRUMENT,
Instrument instr2 = getSettings().getInstrument(Inputs.INSTRUMENTZ2
double multl = getSettings().getDouble(MULTIPLIERI, 1.8);
double mult2 = getSettings().getDouble(MULTIPLIERZ, 1.8);
DataSeries series = ctx.getDataSeries();

Get the instruments
chosen by the user

(Get the double value
Double valuel = series.getDouble(index, input, instrl); defined by ‘input’ (ie *
if (valuel == null) { h!gh. I_Dw etc) for the
. given instrument
return;

}

Double value2 = series.getDouble(index, input, instr2);
if (value2 == null) {
return,;

}

double spread = valuel®*multl - wvalue2®*multl;
series.setDouble(index, Values.SPREAD, spread);

if (index < 1) return;
Doubl = i

2.10 Custom Context Menu

Support for custom context menus was added in version 5.3 of Motive Wahesfeature enables a user
to interact with a study without having to open the study dialdthe following screen shot shows an
example of a custom context menu in the Trend Line study example. In this example two additional
items have been added to the context menu:
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1. Extend Lefig Extends the trend line to the left of the screen
2. Extend Right Extends the trend line to the right e screen

BTC/USD -1 day H20000.00
Trend Line +T
' ' +18000.00
T 'm " ! 416000 00
‘ Right click *T i*l J14000.00
| on Study *
\?+ | J" 11913.7
M Visibility » T e g
W Show Legend I ‘hese detau 1020743
Il Edit items can be
getendd Delete pidden Js000.00
el .*T @ Hide Compaonent
Ry r '. 1
i h '+ Extend Left
yoten ..+T1'|'“*'+ * v Extend Right Custom Context -6000.00
.;.I T ! Menu ltems
gyt 1
Tt e ! H4000.00
!MmiueWave :
Oct-2017  Oct-11 MNov-2017  MNov-11 Dec-2017 Dec-11 Jan-2018 Jan-11 Feb-2018 Feb-11

COFA@(83) 1min 5min 10min 15min 20min 30min 45min 1hour 2hour 6hour 1day 1week >3 EvEYy=ElEvy@ v+ ®

The following excerpt from the TrendLine example study class demonstrates how to add custom menu
AGSyao . 2dz Ol y(fodzanPosite Kiddiesy WiR2 (bl 12Y0OS do buktdidzefHe iefdl B
depending on where the context menu igjeested (where the user does the right click).

2 KSYS@OSNI I YSydz AGSY Aa Ay@21SR GKS aidzRé Aa NB
isto modify a setting in the study. When the study is recalculated, it will pick up the changestuthe
settings.

Figure22 TrendLine Example Study

/** This study draws a trend line on the price graph and allows the user to move it using the resize points.
The purpose of this example is to demonstrate advanced features such as using resize points and context menus. */
@StudyHeader(
namespace="com.motivewave",
id="TREND_LINE",
rb="com.motivewave.platform.study.nls.strings",
name="Trend Line",
desc="This is an example study that draws a simple trend line and allows the user to resize it",
overlay=true)
public class TrendlLine extends com.motivewave.platform.sdk.study.Study
{
final static String START="start", END="end";
final static String EXT_RIGHT="extRight", EXT_LEFT="extleft";

@0verride
public void initialize(Defaults defaults)

{
¥

// Adds custom menu items to the context menu when the user right clicks on thi
@0verride
public MenuDescriptor onMenu(String plotName, Point loc, DrawContext ctx)
{
List<MenuIltem» items = new Arraylist();
items.add(new MenuSeparator());
// Add some menu items for the user to extend right and left without having to open the study dialog
boolean extleft = getSettings().getBoolean(EXT_LEFT);
boolean extRight = getSettings().getBoolean(EXT_RIGHT);

QOverride onMenu() to
add custom items to
the Context Menu

// Note: the study will be recalculated (ie call calculateValues(), see below) when either of these menu items is invoked by the user
items.add(new Menultem("Extend Left", extlLeft, () -> getSettings().setBoolean(EXT_LEFT, lextleft))); [

items.add(new Menultem("Extend Right", extRight, () -» getSettings().setBoolean(EXT_RIGHT, lextRight)));

return new MenuDescriptor(items, true);

Use the Menultem class
to define a menu item
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The following diagram illustrates the classes used to define custom context menus fdya stu
{dzoYSydzza OFy ©6S ONBFIGSR 060& dzaAy3d GKS aSydneOf !l aa
MenuSeparator class may be used to add dividetse menu. Finally the MenuDescriptor class is used

2 RSAONAGS G(KS O2yS8BETI wSYWiPS Y 3§ @ Sl 21 KBK 24 yDONIJIRA
that are displayed as part of the context menu.

Figure23 Package: com.motiewave.platform.sdk.common.menu

Menultem MenuDescriptor
i menultems
checked !
disahled includeDefaultltems
action

Menu MenuSeparator

iterms

2.11 Miscellaneous Classes

The following diagram illustrates sonaelditional classes that may be of interest. These classes are
available in the common packagso(n.motivewave.platform.sdk.commoj For full details on these
and other classes, please consult the APl documentation.

Version 1.3 ©2019Mot i veWaveE Page 28 of 85



Moti veWavecE
SDK Programming Guide

Figure24 - Miscellareous Classes

motivewlave

Represents an
Instrument
Enums instrument. Contains
-BarData Encapsulates +getSymbol() methods for getting
-Barlnput enumeration classes +getTickSize() latest data,
-MAMethod into a single interface +getPointSize() calculating PnL,
-MarkerType (for convenience). +calcPnL() formatting etc.
-ShadeType +getLastPrice()
-Size +getBidPrice() X11Colors
-Position +getAskPrice() -INDIAN_RED
-Priority +round() -CORAL
-ValueType +format() -GOLD
“TextAlign -0 -KHAKI
:TextOutIlne Bar size. Includes -LIME
BarSize linear data (minutes) i
: and non-linear such
+getMinut:
+ggt|nltzlrjvgls(()) as Range, Renko, "
util +isintraday() Constant Volume, &11é6colors. Useful
; - . Y Tick etc for setting default
+calcLatestMA() Contains utility +isRange() ;
hods for use . colors on lines,
+compare() metho _ +isRenko() shades etc
+toDouble() when developing +isVolume() :
+tolnt() studies. (consult API +isTick()
+in() documentation)
+max() System Defaults.
+min() Defaults Modstly Icontains fonts
+clipLine() and colors as
+distance() +getFont() configured by the
+intersection() +getTextColor() user. Most of these
+midpoint() +getB_ackgroundCoIor() come from the
+rotate() +getLineColor() current chart theme.
+slope() +getBarColor()
.0 +getTopFillColor()
+getBottomFillColor()

+...0)
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3 Overlay Example:6 My Moving Averagebd

Ly GKA& &aSO0GAaz2y 6S Attt ONBIGS 3 3B NBK AR YRA 8SLJSIE
exponential moving average as a path opl@t.

[ SGQa aidl NI ocdéforthdexdnp:a G GKS O

package study_ examples;

import  com.motivewave.platform.sdk.common.*;
import  com.motivewave.platform.sdk.common.desc.*;
import  com.motivewave.platform.sdk.study.*;

/** This simple example displays a n exponential moving average. */
@%udyHeader (
namespace= "com.mycompany" ,
id= "MY_MA",
name="My Moving Average" ,
label= "My MA" ,
desc= "This simple example displays an exponential moving average" ,
menu="My Studies"
overlay= true ,
studyOverlay=  true )
public  class MyMovingAverage extend s Study
{

enum Values { MA };

/** This method initializes the study by doing the following:
1. Define Settings (Design Time Information)
2. Define Runtime Information (Label, Path and Exported Value) */
@Override
public  void initiali ze(Defaults defaults)
{
/I Describe the settings that may be configured by the user.
/I Settings may be organized using a combination of tabs and groups.
SettingsDescriptor sd = new SettingsDescriptor();
setSettingsDescriptor(sd);

SettingTab tab = new SettingTab( "General" );

sd.addTab(tab);

SettingGroup inputs = new SettingGroup(  "Inputs" );

/I Declare the inputs that are u sed to calculate the moving average.

/I Note: the 'Inputs' class defines several common input key S.

/I 'You can use any alpha - numeric string that you like.

inputs.addRow(  new InputDescriptor(Inputs. INPUT, “Input" , Enums.Barlnput. CLOSBH);
inpu ts.addRow( new IntegerDescriptor(Inputs. PERIOD, "Period" , 20,1, 9999, 1));
tab.addGroup(inputs);

SettingGroup colors = new SettingGroup(  "Display" );

/I Allow the user to change the settings for the path that will

/I draw the moving aver age on the plot . In this case, we are going

/I to use the input key Inputs.PATH

colors.addRo  w(new PathDescriptor(Inputs. PATH "Path" , null , 1.0f, null , true , true , false ));

tab.addGroup(colors);

/I Describe the runtime settings using a 'StudyDescriptor'
RuntimeDescriptor desc = new RuntimeDescriptor();
setRuntimeDescriptor(de sc);

/I Describe how to create the label. The label uses the

/I'label" attribute in the StudyHeader (see above) and adds the input values

/ I defined below to generate a label.

desc.setLabelSettings(Inputs. INPUT, Inputs. PERIOD);

/I E  xported values can be used to display cursor data

/I as well as provide input parameters for other studies,

/I generate alerts or scan for study p atterns (see study scanner).

desc.exportValue( new ValueDescriptor(Values. MA "My MA", new String[ ]{Inputs. INPUT, Inputs. PERIODY));
/I MotiveWave will automatically draw a path using the path settings

/I (described above with the key 'Inputs.LI NE') In this case
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/it will use the values generated in the 'calculate’ method
/I and stor ed in the data series using the key 'Values.MA'
desc.declarePath(Values. MA Inputs. PATH;

}

/** This method calculates the moving average for the given index in the data series. */
@Override
protected void calculate( int index, DataContext ctx)
{
/I Get the settings as defined by the user in the study dialog
/I getSettings() returns a Settings object that contains all
/I of the sett ings that were configured by the user.
Object input = getSettings().getinput(Inputs. INPUT);
i nt period = getSettings().getinteger(Inputs. PERIOD);

/I In order to calculate the exponential moving average
/I we need at least 'period' poin ts of data
if  (index < period) return ;

/I Get access to the data series.

/I This interface provides access to the historical data as well
/I as utility methods to make this calculation easier.

DataSeries series = ctx.getDataSer ies();

/I This utility method allows us to calculate the Exponential

/I Moving Average instead of doing this ourselves.
/I The DataSeries interface contains several of these types of methods.
Double average = series.ema(index, period, input);
/I Calculated values are stored in the data series using
Il a key (Values.MA). The key can be any unique value, but
/I we recommend using an enumeration to organize these within
/I your class. Notice that in the initialize m ethod we declared
/I a path using this key.
series.setDouble(index, Values. MA average);
}
}

lff addzRASa Ydzad RSNAGS FNRBY (GKS o6FasS Ofraa w{i
class contains a number of methods that we can dderftwe will look at these in detail later). For the
purposes of this example, we will explore tludldwing:

1 StudyHeader
9 initialize method
1 calculate method
3.1 StudyHeader Annotation (@StudyHeader)
All studies must define a study header. This is an animtahat is placed before declaring the class:
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Figure25- My MA Study Heade

There are a number of important items in this header:

T

= =

= =4 4

namespace; this is used to qualify related studies and avoid naming conflicts with studies
deveR LISR o0& GKANR LI NLIASao® LG Aa NBO2YYSYR
your organizak 2 Y H Q ¢23SOUKSNI gAUK GKS AR G133z GK
study

id ¢ this identifies your study and must be unique within your napece

namec This is the name of your study and is displayed in the study dialog as well as the study
menu

label ¢ This is used as part of the study legend (displayed in the top left corner pfdhe
underneath theplot title). If not specified, the namattribute will be used.

descg This is the description of your study and is displayed in the ddiadgg

menu ¢ ldentifies the menu (underneath the Study menu) where this study can be found
overlay¢ If true indicates that this study will be an overldigplayed on anotheplot

studyOverlay¢ Indicates that this study can be ubas an overlay on a sty plot

R
as

S
S

3.2 initialize method

TKS WAYAGAIEAT SO YSGiUK2R A& dzaSR i
This method isgiveh 00Saa G2 aeaiaSy RSTI d

2 LISNF2NXY |ye .\
’a 0adzOK | a O2f :

class (see APbdumentation for specific details)lhe most common usage of this method is to do the
following:

1. DescribeDesign Information (ienputs) ¢ The SettingsDseriptor describes settings for the study

and how to display this to the user (in the Study Dialog).
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