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Apparatus: BBepeHue

B 3TOM HEMpPOLO/KNTEIbHOM YPOKE Mbl MOrOBOPUM O UCMOb30BaHUK Apparatus-nnaruHa B Unreal
Engine. Bbl co3paauTe CBO NepBYIo AeTallb M HAay4YMTeCb peasnn30BbiBaTb UIPOBYIO JIOFUKY B
cneumanbHo oTBeéHHOM Blueprint-knacce. 3aeck NPOAEMOHCTPUPOBAHbI CaMble TIaBHbIE
0cobeHHOCTY PaboThl C MIArMHOM Ha MpUMepe NPOCTOro ABYMEPHOro naaTdopmMepa.

Ana nanbHenwero 4TeHnsa HeobxoanmMo NoHMMaTb 6a3oBble KOHUenuun ECS-noaxona. ns 3Toro
eCTb Halla KpaTkas cnpaBoyka no ECS.

YCcTaHOBKaA nsarvHa U akTuBauusa

1. Mepepn TeMm, Kak co3aaTb HOBbIN NPOEKT, Bam noTpebyeTca fobaBuTb NAarnH K MrPOBOMY
ABUXKY. YTODObI 3TO caenaThb, NoXXanyncTta, 3arpy3nte Epic Game Launcher, B n1eBoOM MeHI0
BbibepeTe Unreal Engine, 3aTeM B BepxHeM MeH10 - bubnnoTteka. NpomoTanTe BHM3 1 Mog
cekuuen ‘XpaHunuwe' HanguTte nnarvH Apparatus ¢ XXEnTon KHONKOW ‘YCTaHOBUTb Ha
LABVWXOK'. KNIMK Mo KHorke, 4Tobbl HavyaTb YCTaHOBKY.

Epic Games Launch
P Unreal Engine 4.26.1

Unreal Engine

Category

Bluetooth Support Lambda Web Browser

D ll Install to Engine n 9. Install to Engine n
1 Wokrrins

Apparatus

Prefabricator

Y
Install to Engine D - Install to Engine D

A

1. B oTKpbIBLLEMCS OKHe Heobxoaumo BeibpaTb Bepcuto Unreal Engine. Obpallaem BHUMaHue, 4TO,
Ha HaACTOALMIA MOMEHT, ohMLMaNbHO NoAAepXNBaeMble Bepcun - 4.26.1 n Bbiwe. Mocne Kanka
no ‘YCTaHOBUTbL' MOAOXKANTE Napy MUHYT, NOKa 3arpy34nk BCTPOUTb KOA MNaarnHa B OBUXKOK.
Korga ycTaHOBKa 3aBepLuniacb, MOXXHO MPOBEPUTL €€ YCNEeLHOCTb KJIMKOM Mo
‘YCTaHOBNEHHble JOMONMHEHNA' NOL BEPCUEN ABUXKKA.
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Unreal Engine 4.26.1 Unreal Engine Plugins

Installed

Apparatus
9 4.26.0 Flo

Co3paHue npoeKTa

1. Tenepb Hapo % co3daThb HOBLIM MPOEKT. BbibepeTe nycTon WwabnoH, Tak Kak B 3TOM YPOKe Mbl
BCE HACTPOMUM C HynsA. OCTanbHbIE ONLUN MOXHO OCTaBUTb 6€3 n3mMmeHeHnin. Mbl Ha30BEM
mMoaenbHyto nrpy “ApparatusLearn”, Hy a Bbl MOXXeTe UCMONb30BaTh Jl0OOE NMS, Kakoe
HpaBUTCS.

2. Korfa npoekT co34ancs v OTKPbIICSH, MOXKETe NMPoBepuUTh, BbibpaH v NnarmH B HACTPOMKaXx.
Ina 3Toro B BepxHeM MeHto BbibepeTe ‘Edit’ - ‘Plugins’. 3aTeM HanevaTanTe ‘Apparatus’ B
CTPOKe noncka (nnm npomoTtanTe BHM3 Oo ‘Workflow’ cekunn). YbeouTtech, 4TO ranoyka

‘Enabled’ ycTtaHoBNEHa:
1'1 - Rl

®
Apparatus version 1.0.0
4 @ Installed 4 Native data-driven workflow for Unreal Engine

*iZ Animation ) T

\  F Enabled d . Support 0 Documentation @ SP Viadislav Dmitrievich Turbanov

ompositing

ontent Browser

*i= Device Profile Selectors £ New Plugin|

Hayano paboTbl ¢ naarmHom

1. XopoLlo, NnepBo-HanepBo HaMm NpeacTomT AobaBnTb NPUBA3KY KNaBULL, YTOObI MOHMMATL, KOraa
Hagno nobaensaTb Heobxoammble oeTann K Actor'y. Ytobbl 3To caenatb, nepenaém B
‘Edit’>‘Project Settings’ n nevataem ‘bindings’. Hangém cekumio ‘Action Mappings’ 1 B Heé
pobasum cnepyoLline KnaBuwwn:

o ‘RightMovelnput’ - D| Ha knaBuaType
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o ‘LeftMovelnput’ - ﬂ Ha KNnaBuaType
o ‘JumpMovelnput’ - W| Ha knasnaType
2. Pe3ynbTaTt [O/KEH MONYHUTLCA NPUMEPHO C/IeAyIOLLUM:

bindings

<Engine - Input

4 Bindings
Aappings provide a mechanism to conveniently map keys and axes te input behaviors by inserting a layer of indirection betw
4 pction Mappings 4= @

F8 RightMovelnput + X

PR | eftMovelnput + X

P JumphMove Input + X

Ma
Speech Mappings 0 Array elements

3. Mbl Ha4yHEM C co3aaHus HoBou ‘mewkun’ (Pawn Blueprint). [1na 3Toro HaXxMém 3enéHyto
KHoMno4ky ‘Add/Import’ B Content-6pay3epe. Boibepem ‘Blueprint Class’-‘Pawn’ n gagum emy
nmsa ‘BP_MainPawn’ (nogpobHee npo nMeHoBaHMe acCeTOB MOXHO MNOCMOTPETb B CTUJb-
pyKoBOACTBe). [Nocne co3gaHns HOBOro 6aynpunHT-Knacca, NpoXXMmTe M+ﬂ 4TO6bI
COXPaHWUTb TONbKO YTO CO3L4aHHbIN 06beKT. Tenepb ABOMHbLIM Ha)kaTUEM MO MKOHKE OTKPOEM
penakTop 6aynpnHTOB (ecan Bbl B NnepBbI pa3 cTankmeaeTech ¢ Content-bpay3epom, coBeTyem
NpoBEpPUTbL W 0pULManbHYO LOKYyMEHTaLUMo ABUXKa). Mepexoaum B Event-rpad n ynansem
Bce Hogbl Yepe3 Ctrll+A| n Del|. B sanbHeiem noapasymeBaeTcs, 4To Bbl 3HaKOMbI 1 C 9
pegakTopom Blueprint'os; ganee - BP).

4. B penakTtope BP nepenpgém B Viewport n K CNNCKy KOMMOHEHTOB Knacca gobasum ‘StaticMesh’.
B @ naHenu getanen cnpasa gns ‘Static Mesh’-csoncTsa Bbibupaem ‘Cube’ mesh-accet. YTo6bI
newka sbirnagena 6onee npuatHon, ana ‘Element 0’ ceoncTaa Boibupaem matepuan
‘BrushedMetal’. A cenyac gobasbTe ‘Subjective Actor’ KOMMNOHEHT (NpeaoCTaBASEMbIN
Apparatus’om) K Hallel newke 1 NOCMOTPUTE B NaHeb AeTanen, 4Tobbl banxe
MO3HAKOMUTBLCA C HOBbIM ACtOr-kOMMOHEeHTOM. B 3TOM ypoke Ham noTpebyeTcsa TONbKO
cBOWCTBa nof cekumen ‘Details’:

4 Add Component ~: ) Details
Search Details
1> Variable
[» Sockets

1 Subject

PRE GO

£ BP_MainPawn (self)

1> Subjective Actor Component
FIETH

Details 0 Array elements

Kak Bbl y)xe goraganuce, aetanu mbel byaeTt noMellaTb 1 HaCTpanBaTb UMEHHO 34eCh.
5. CtrI|+ Shift|+g 4TOObI COXpPaHUTL BCE, U ckomnuaupyem BP. BHOBb 0TKpoeM Content-6paysep n
C034a4MM HOBbIM BP, HO Ha 3TOT pa3 packpoem naHenb ‘All classes’ n Hanaém Tam Knacc
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‘Detail’:
11, Pick Parent Class
4 Common Clazses

An Actor is an object that can be placed or spawned in the
 Actor world. '

A Pawn is an actor that can be 'possessed’ and receive
input from a controller.

& Pawn

A character is a type of Pawn that includes the ability to

. Character walk around.

A Player Controller is an actor responsible for controlling a

% Player Controller Pawn used by the player.

Game Mode Base defines the game being played, its rules,

jalGamabadafass scoring, and other facets of the game type.

An ActorComponent is a reusable component that can be

iehagicLomacnsat added to any actar.

A Scene C|:||‘|‘||:IIZII'|EI'|1: isa component that has a scene

BLEEpe Lomacoent transform and can be attached to other scene components.

4 All Classes
Detaill
4Q) Object
) Detail

il

4(Q) visual

4 » Widget
4 « PropertyViewBase
@, DetailsView
< View Options~

Select Cancel

Bbl MOXXeTe Tak)Xe co3faBaTb AeTann vyepes ‘Create Advanced Asset’ cekuunto B meHto Content-
bpay3epa (NpaBON KHOMKOWM MbILWIKX NO NyCTOMY MECTY B Narnke):
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J0 New Folder

POTT AsSEL

I3 Import to /Engine/B

'ﬁ. Blueprint Class

by eve
b Love

Material

'-‘ Particl

Animation b
Artificial Intelligence

Blendables

Blueprints

Editor Utilities 5 . Mechanical Actor
¥

Foliage

6. BoobLe rosops, Bbl MOXeTe c034aTb CKONbKO YrOAHO AeTanen, HO A8 HYXJ 3TOro
TyTopWana NpuroasTcsa cnegyouime:
o D Moveable,
o D Moving,
o D OnFloor,
o D Fallable.
7. Keep your project organized and move all the Details classes to some folder called ‘Details’.

== Content Browser

I Add/import ~ [C) Save All & - | &= Content » Details

Search Paths [E] T Filters ~ [EEEIEEEEIE

4 Yy Favorites O O O O

4@ Content
[
& Developers
* mm Engine Content
Open any detail you want in the BP Editor. As you can see, Apparatus’ detail is actually a usual
Blueprint class, inside which you can declare variables, macros and functions as you please.
There are also two events that you can override (‘Activated’ & ‘Deactivated’) which are called
when the detail’s Boolean state ‘Enabled’ is set to either true or false. In the corresponding
details add next variables:
o Float ‘Speed’ to the D_Moveable class with a default value of 100.0.
o Editable enum ETouch Swipe Direction named Direction tothe D_Moving class.
o Editable & exposed on spawn Box Collision Object Reference named ‘Bottom’ to the

O_Fallable O _Mevable D_Meving 0 _CnFloar
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D Fallable class.
File  Edit
M My Blueprint

+ add e - EXTINS, -

4Graphs +

Debug  Window

== EventGraph

Functions (2

Macros
4Variables

== Speed

Event Dispatchers

& Details
Search Details

4 Default

4 Detail

Enabled

AL ol

File  Edit View
B vy Blueprint

4 add e~ EXTIIY ) < -

4Graphs

Debug  Window  Help

== EventGraph
Functions |2
Macros

4Variables

Event Dispatchers

@mETouch Swipe [+

1'1 O )21 '

File  Edit
B 1y Bluep

1 e - Y 5) < -

Debug  Window

Help

4Graphs +

Functions
Macros

4Variables
4Components

Event Dispatchers

@5ox Collision w

o

8. Go back to the ‘BP_MainPawn’ blueprint and make the cube a little smaller (say, (0.25,
0.25, 0.25) on a vector scale). Add a ‘Spring Arm’ component to the ‘DefaultSceneRoot’ and
the Camera to the arm (make sure that transform vectors are set to their default values); then
rotate the arm over the Z-axis by 180° and after that rotate it over the Y-axis by -30°.

9. In the result you should get something like that:

f Construction Scrip

2. Components

+ Add Component -

i BP_MainPawn (self)

ma Event Graph

10. Create a ‘GameMode’ (or a ‘GameModeBase’) class inherited from ‘MechanicalGameMode’ (or
‘MechanicalGameModeBase’) and name it something like ‘BP_Mechanism’. Like so:
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4 All Classes

6 items (1 selected) € View Options =

== Content Browser
I Add/fimport = Save All & 5 | = Content »

Search Paths [E] Y Filters ~ [EEElEESE

4 Y Favorites l

5

Il Details BP_Main
© mm Engine Content Fawn
b gm Engine C++ Classes

5 items

11. Open ‘BP_Mechanism’ in the Blueprint Editor and in the Details Panel set the ‘Default pawn
class’ value to ‘BP_MainPawn’. Go to the level settings: ‘Blueprints’-»'Project Settings :
GameMode’ and select ‘BP_Mechanism’ as the project’s main ‘GameMode’ class:

35 N p Al

Blueprints Cinematics Build Play Launch
Mew Empty Blueprint Class... . A ] . L ][ £ | 1]

9 Open Blueprint Class...

Blueprints

A Open Level Blueprint

o Create...

Select GameModeBase Class

Pro gs
O GameMode: Edit BP_Mechanism b j' Edit BP_Mechanism
World Override

GameMode: Not overridden! b

Pawn: Edit BP_MainPawn
HUD: HUD
PlayerController: PlayerController

12. Now, if you run the game, you will notice that the camera is actually working, but the cube
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13.

14,

won’t move while pressing the aforementioned ﬂ g M keys. Let’s fix this. First, jump to
‘BP_MainPawn’ and in the components list select the ‘SubjectiveActor’ component to see its
properties in the Details Panel. For the ‘Details’ property add a new detail by clicking on the +
button and selecting the detail class. Add exactly two details like on the following shot:

Details
Search Details
» Variable
» Sockets
» Subject
> Subjective Actor Component
4 Details

4 Details 2Array elements 4+ @ =2

40 D Fallable ~

None -

D Insert

Delete

Bottom

Enabled Duplicate
al D Movable ~ I8k

Enabled

As you see, you can easily add or remove details from the ‘BP_MainPawn’ actor component; it
doesn’t actually matter how they are exactly ordered. You're also able to see the variables of
the details and change their default values. Note that if you change the value of the ‘Speed’ in
the list, for example, it won't be changed in the ‘BP_Moveable’ class itself, because here in the
list the instances of the detail classes are presented while in the Blueprint Editor of the
‘BP_Moveable’ class you can change the global default values for its properties. Change the
speed right here in the list to 500.

It's better to do so in Controller but for brevity let’s do it here. Being in the BP Editor of the
‘BP_MainPawn’ navigate to ‘Event Graph’ and add our 3 input events we have declared
previously (see step 2 of Implementation). Create the node ‘Get SubjectiveActor’, drag from
it 3 new nodes, which are ‘Add detail’ and in the Detail Type field choose ‘D _Moving’'. After that
you can see the returning type of each node currently is ‘D Moving Object Reference’. l.e. after
the detail was added you can ‘promote it to variable’ and call functions from it or access
variables. In our case we will change the Direction variable to corresponding value. Don’t
forget to pin all of the Reuse Disabled checkboxes (We will talk later why you should do so).
The whole scheme now should look like so:
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© InputAction LeftMovelnput _f Add Detail -
Pressed [p » »P —>

Released [ @ Subjective Return Value Direction
Left
Key
Target
—

Subjective Actor Reuse Disabled B

© InputAction RightMovelnput f Add Detail

~
-»
Pressed p ———— P » =

Direction
Released [ @ Subjective Return Value

Key Detail Type

Target
D Moving :

~

Subjective Actor Reuse Disabled B

-~
© InputAction JumpMovelnput _f Add Detail
e —
Pressed p =—— P | 2 2
Direction
Released [:- @ Subjective Return Value up

Key tail Type Target

-~

Subjective Actor Reuse Disabled B

15. All we have to to do now is to implement the game mechanics in our GameMode. So open the
BP Editor once again for the ‘BP_Mechanism’ and in the Graph view, delete all of the nodes
except for the ‘Event Tick’ node. Promote the Delta Seconds value to a global GlobalDelta
variable mainly for convenience purposes. Now we need to iterate over all of the subjects and
for each of them, check if it complies with our special case. So, for that drag the next node -
‘Sequence’, and from its first output drag the filament link and find the ‘Mechanic’ node.

"‘EGLII Actions for this Blueprint

4 Apparatus
4 Mechanics

[ Buffer Belt
[ Buffer Belts
4 Mechanism Evaluation

. Mechanic
A Utilities

16. As you see, ‘Mechanic’ gets a ‘Mechanical Interface’ as its input ‘self’, which is in fact our
‘BP_Mechanism’ is. This node will iterate over all of the entities (subjects) with a specific set of
details enabled/disabled. As how it is from the starts, essentially all of the subjects which will
comply with the empty requirements. ‘Evaluation Body’ pin gets executed for each complying
subject. After all of complying subjects were processed, the ‘Completed’ pin gets executed.
RMB-click on the node and in the opened context menu you will see two last items with these
titles: ‘Add Detail Pin’ and ‘Add Excluded Detail Pin’. You can click these items several times and
see that each time you do so, a new pin with a dot or exclamation mark is added to the node.
By using this workflow and selecting the detail types in the added inputs you declare an
evaluation filter, for the subjects to be processed in the mechanic.
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RMB to add Detail or non- BMB on th? pin and .. . subjective
detail pin Remove. . Detail pin should has the
to delete it detail enabled

» C

© Target [seir]

= Mechanic
D

O Target [self]

Excluded detail pin Select detail type otherwise you can't compile
the BP. After doing so, you will be able to
Subjective should has the access detail' variables/functions and so so on.
detail disabled or should
hasn't the detail at all If you choose both Detail-pin and Non-detail pin
with equal detail type, BP won't compile

You can use
this button to add pins

For example, add two including “dot”-pins to the node and delete all of the others (by RMB-
clicking on them and selecting the ‘Remove Detail Pin’ option). Choose their types as Moveable
and Moving. Promote the ‘Moving’ detail to a ‘TempMoving’ variable - or you'll get yourself too
much “noodles”. From the ‘Subjective’ output pin drag a ‘Get Actor’ pure function. That is also
provided by Apparatus and returns the actor that is currently being processed. From this
function’s output drag a ‘AddActorLocalOffset’ node. From the ‘D_Moving’ pin drag the
‘Direction’ variable and make ‘Select’ block to easily choose the corresponding vector
depending on the direction currently active in the detail. ‘Left and ‘Right’ cases are split into
components and fill the Y-component of the left-side case with the ‘Speed’ variable obtained
from the ‘Moveable’ detail and multiplicated by the ‘GlobalDelta’ variable. For the right-side
case use the same value just with an opposite sign. Below your ‘AddActorLocalOffset’ node
place the deactivation of the ‘TempMoving’ detail be setting its state ‘Enabled’ to false. After all
the above actions you should have something like that:

Tasget

Targer

What's actually going on here? As you may remember, we defined how we determine our
keyboard input at some previous step. Here we just move each actor with the pointed details
over their local Y-axis (for the camera view, it's actually moving to the left if Y-axis is > 0 and
moving to the right otherwise). So, depending on the direction we obtained from the ‘Moving’
detail we move an actor across the scene. After doing so, we disable the Moving detail, so it
won't be moving to the side anymore. Good. But what will happen when the player presses a g
ora ﬂ key a second time? Do you remember the checkbox we pinned? The ‘Reuse Disabled’ in
fact means that if the ‘Subjective’ has a disabled detail then the function will enable it and
return as its output instead of creating a new one. So now you can run the game and check if it
works. Use Al & D| keys to move the box around.

17. Also make a few additional changes and you’ll also be able to jump.
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| "3+ Select
e o /
Target Speed @ -. Naone Return Value ¢ 7

© [x 00][v 00][z 00]

O» Left X |E|

Global Delta @—— ®

O Right X [0,0]

5 @ RightY

. @ UpZ
Down
¢ X 00][v 00][z 00]

| Index

Target Direction

But the box isn’t falling at all, because we haven’t implemented the necessary logic in our
Mechanism. So let’s do that!
18. Go back to ‘BP_MainPawn’ and a new ‘BoxCollision” component to the ‘DefaultSceneRoot’. Use
the following transform:
o Location: (X=0.000000,Y=0.000000,Z=-13.5)
o Scale: (X=0.400000,Y=0.400000,Z=0.025000). After that in the ‘Collision” section
select the ‘OverlappAll’ collision preset. In the ‘BP_MainPawn’ editor the picture should
look like so:
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19. Now navigate to the Graph and on ‘BeginPlay’ from ‘SubjectiveActor’ drag a ‘Find Detail’
function and set the bottom variable to the box of the pawn:

< Event BeginPlay

_f Find Detail

~

Subjective Actor @ Subjective Return Value

Detail Type
D Fallable =

Include Disabled [}

We are now assured that our Subjective will have that detail but you should also understand the
cases, when the output value of the function should be checked out.

20. Navigate to the level map, select ‘Floor'=‘StaticMeshActor’ and inside its details panel find the
property ‘Generate Overlap Events’ and also turn it on.

21. In the BP Editor of ‘BP_Mechanism’ create the next logic block by dragging from the Sequence
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node to implement the actual falling on the floor:

J Add Detail

>
o

7 Get Overlapping Actors

JAddActorWorldoffset

If the Subjective has a ‘Fallable’ detail enabled AND ‘On Floor’ disabled and if its’ bottom
overlaps with any actor — then we add an ‘OnFloor’ detail to it, else — continue to move it

down (like it’s falling).
22. One last thing — to begin the falling process we need to disable the ‘On Floor’ detail once the

Pawn jumps. You can do it this way:

J Disable Detail
»

If the ‘Direction’ is ‘Up’ then we disable the detail by using the Apparatus function. Now you can
both jump and fall. Just like in your real life, unless you're living on the moon or something.

Results

Anyways, that'’s it for this tutorial and the result should look similar to:

Conclusion

Apparatus is a really capable plugin for our beloved UE. It provides us with a bunch of new
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programming principles and techniques. Those are usually called data-driven since we are more
thinking detail-wise than class-wise. You can use our innovative tool in your own game production
pipeline and extend its capabilities even further by declaring and implementing your own C++
classes, adhering to the necessary Apparatus interfaces.

The vast functionality of this plugin can’t be easily demonstrated on a tiny tutorial like this one. The
main purpose of this article is exactly to introduce the beginners to the ECS approach in general and
Apparatus in particular. Check our the following links also and don’t hesitate to ask any of your
questions online on our TurboTalk forums and/or Discord server. We are eager to help and your are
more then welcome to ask all sorts of questions!

Links

e The resulting project on GitHub
e A more complex sample on GitHub
e Online API Reference
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