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Key features

= Thread safety
= Safe OpenGl usage
= Expandabillity

« visualization algorithms
+ external/internal data formats

= Data sharing
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Main layout

= Main manager
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= Main layout

= Data manager

= Scene manager
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Data manager

= Directory browsing
= Data loading

+ various external/internal formats
+ data sharing

= Data freeing



Data manager

» | oaders for each external file format
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» | oaders

f3d Loader

+ getFileList(path : string = "/") : Array

+ getldentifier() : Array

+ getFileMetaDatalpath : string) : File metadata
+ readFile(path : string) : istream

Data manager

Loader

A

raw Loader

+ getFileList(path : string = ") : Array

+ getidentifier() : Array

+ getFileMetaData(path . string) : File metadata
+ readFile(path : string) : istream

+ getFileList(path : string = /") : Array

+ getldentifier() : Array

+ getFileMetaDatalpath : string) : File metadata
+ readFile(path : string) : istream




Data manager

» | oaders

« common interface

« |lists files in directory (of own file format)
+ loads meta-data from files

+ loads data from files (stream)
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Data manager

= Builder and storage of internal data

P Laascion
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Data manager

= Builder

Data usage info
+ Datald : string ="
+ Users ;int =10
+ LoadedCondition : Condition variable

+Usagelnfo

File metadata Builder
+ X size:int=-1 + MetaData : File metadata = null
+Y size int = -1 + Data : Loaded Data = null Loaded Data
+2Z sizeint=-1 + Datald : string =" + BrickSize :int = -1
+ BitDepth :int = -1 %_' + Usageinfo : Data usage info aa |t XBrickCount int = 1
+ Channels :int = -1 # lockopendl : function call + YBrickCount :int = 1
+ Description : string = ™ # unlockopendl : function call + ZBrickCount :int = 1
+ FileType : string + OpenGlContext : int + OverlappingPixels :int = 0
+ FileVersionMajor ¢ int = -1 + constructor(LockOpendl : function call, UnlockOpenGl : function call)
+ FileVersionMinor :int = -1 + buildData(data : istream, MetaData : File metadata, BrickingTreshold : int = -1, BrickSize : int = -1)
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Data manager

= Builder

+ builds data (internal format) from data stream
(abstract)

+ stores

> file metadata (dimensions, bitdepth, ...)
> own data
> usage information
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Data manager

= Data storage for each internal file
format
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Data manager

= Data repository

Data repositorny

+ Fomatid : string
- mitex @ Mutex
# lockopendl : function call
# unlockOpensl : function call
Data usage info + coenstructor(lackOpenG| : functien call, unlockOpendl : function call)

+ Datald : string = ** - findindex{Datald : string) ! int
+ Users @ int= 0 s—— | - find(Datald : string) : Builder
+ LoadedCondition : Condition variable - findLoadinginfolDatald : string) : Data usage info
- createLoadinginfolDatald : string)
+Usa ge“?f}_, - loadDatalDatald : string) : Builder

£ + add(Datald : string) : Builder
A + remove(Datald : string)
P + shareContext(Datald : string. OpenGlCantext ! int)

Builder

+ MetaData : File metadata = null

+ Data : Loaded Data = null

+ Datald : string = "

+ Usagelinfo : Data usage info

# lockOpenGl : function call

# unlockOpenGl : function call

+ OpenGIContest : int

+ constructarlLockOpeniG : function call. UnlackOpenGl : function call)

+ bwidDataldata : istream. MetaData : File metadata. BrickingTreshold : int = -1, BnickSize : int = -1)

15



Data manager

= Data repository

+ stores all loaded data (Builder)

+ stores info about currently loaded data (Data
usage info)

+ concurrent loading of the same data

> first thread creates 'Data usage info' element

> first thread starts loading process (unlocking mutex)
> second thread finds 'loading' info and sleeps

> first thread finishes and wakes all waiters

> second thread finds loaded data

16



Data manager

» Actual builders

« overriding abstract buildData method
+ producing Loaded Data subclass

+ shares textures between contexts (if
requested)

17
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= Main layout
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Scene manager

= Scene management

+ adding, storing, freeing
+ assigning renderes, callbacks
« providing scene parameters

= Rendering controls

« target — OpenGl context, main memory
« synchronous, asynchronous call

19



Scene manager

= Manages scenes

Scene managen
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Custom parameters RO
chamged : Boal

- iIntegers : Artay

- Aowts : Ay

armeEra RO

- booleans : Array + changed : Baal ||

- FENrNgE ¢ ArTEY
reccrds : Array
INtegersnrays @ AnEy

Tramsfes Ffunction 10D &RO0
+ chamged : bosl
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B
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Scene manager

u S Ce n e + RwWLock : Rw LU?I:;:E"E

+ rendering : Boolean Mutex
+ loading : Boolean Mutex

TS data + Elements : Elements
+id :int

+ Renderer : Renderer
* m t + Rendererld : string
pa ra e ers + OpenGlContext : int
+ UserOpenGlContext : bool

* renderer + renderCallback : function call = null

+ loadcallback : function call = null

+ applyl) - |
. RW_lOCk i {?:ll‘;{CE;Ec}:IUSNE ' bool = fals-—e]l ' Elernents
- callbacks
+ rendering & loading

flags Loaded Data Unit

+ datald : string
+ data : Loaded Data
+ metaData : File metadata

21



Scene manager

= Manages scene parameters

SCerne manager
- createfenderer - function call

- leadatas ; hunctien call

- assgnOperGlConte=t ; funcicn call
CONSLMUCTOrDarar™s | SCame MEansger paramstenrs |
maddp : et

rermceeadid @kl
getScenaReadornibld - el
getSceneResdwntelid ;o
releaseSseEnsl o ol : ek
apphitid : W
aetScenebataFathind

Asad-cnlby slemaents
: Elermeents

A EEEEE.

el o sEreneg

et SoaneD et wtatbdid i, value - streg)
gat OpanGIC ortastlid @ ev) @t
setOpenGIContaxtis ©int, wabia 1 et}
getRandereridiid - int] - string

getRendererinfolid : int) : Renderer iInfo
setRendererid : nt. Rendererid - string)
renderToOperyGlisd : intd
rendarTomMarmarydid © s) ; Array
renderToCpenGlasymclid : nkl
rendarTorMarmoryasyrcdid @ o)
assignRandarCallibackic - int. calback : functeosn call)
assignlomdCallbackiid : vt callback - furction call]
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+ randening : Boobearn Mutes
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+ Elermarss : Elaments
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Loaded Data Ukt

+ dataid - strmg
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+ charged : Bogl
- IntegeErs @ Array
- Aoats: : Arrey
- bocleans : Array
- FEAFgS @ AFTEY
recceds : Array
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getStrirsgled : int)
getRecordsCount
aetPecordlid -] - Custoam recond valus
Fetintegerisray s ount() ; int
getintegerfsragtid ) | Custom integer anmray vabae
gatFlaata&rrayeC aumTi] & o

 EEEEEEEEEEE R,

| + getFloatAnransid @ int) @ Custorm Aoat areny vmlua

+Elmrmmrts B

Camora BW

sesPosmicnlvalie mctor3y
setCinectiondvalue : wector3il

st IpDrectiordvaliue - wsector3il
sertameralypelvabie : Camers typel |

t+ 4

Carmera ROr
¥ changed | booal
- position ; wectordi
hrechecer v chor 3
e e

Transler function 10 R

+ seRC ount lvalue © el
+ sevvaluelvalue : vectorsl
+ servaluesivalues : Srray)

Tramsfes Ffunction 10 RO
+ thamged : Bosl
- wadisE g ¢ ArTEy

type | Carmesrs type
+ getPositonl) ; wectorss
+ getDirectonl) : vector®

+ @etCountll ; it
+ getvaluelpos : el
+ getvaluesl] : saray

: wector3i

“+ gerUpDirectonll ; vectord
+ getCameraTypell : Camers type

Aead-onhy elerments |

+ Charged : Bocl
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Scene manager

= Parameters Camera AW

+ setPosition({value : vector3i)
+ setDirection{value : vector3i)

¢ base 'read'Omy' + setUpDirection{value : vector3i)

+ setCameraTypelvalue : Camera type)
class i L

+ 'read-write'

subclass 3
Camera RO
. Changed ﬂag + changed : bool

- position : vector3i

- direction : vector3i

- up :wvector3

- type : Camera type

+ getPosition() : vector3i

+ getDirection() : vector3i

+ getUpDirection() : vector3i

+ getCameraTypel) : Camera type
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Scene manager

» Parameters

+ Camera

« Transfer function (1D, 2D)
« Clipping geometry

+ Lights

« Gradient

« Mask

« Background color

24



Scene manager

» Custom values

[ Custom integer array value

Custom float array value

+ wvalues : Array

+ values : Array

-

- -

-

~, o

Custom wvalue

+ Mamea : string -
+ Description : string

—
-\-\-\-'\—\_

Custom a-'tring value

+ wvalue : string

+ +ETrags

' Custom boolean value

"l} + value : bool

Custom integer value

+intaegers

+ wvalue : int

E

! e
. 1 t+hodleans_____

Custom float value |+ *

+ value ; float HAoats ———— -

\+re = ordslll -

Custom record wvalue

el

+ integers : Custom integer value
+ floats : Custom float value

+ booleans : Custom boolean value
+ records | Custorn record value

+ strings : Custom string value
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Scene manager

» Custom values

* Integer

+ float

+ boolean

« string

+ record (of previous)
+ array of integers

+ array of floats
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Scene manager

- C t Custom parameters RW
u S O I I l + setinteger(id : int, value ! int}

+ setFloat{id : int, value : float)
+ setBoolean(id : int, value : bool)
a ra I I l ete rs + setRecord(id : int, value : Custom record value]
+ setintegerArraylid : int, values : Array)
+ setFloatArray(id © int, values : Array)

* p reVi O u S |y Custom parameters RO
mentioned custom P

- floats : Array
I - booleans : Array
Va u e S - strings : Array
- records ; Array
- integerArrays : Array

- floatArrays © Array

L u Sto I I l Va u e S + getintegersCount() : int
+ getinteger(id : int) : Custom integer value
+ getFloatsCount() : int
+ getFloat(id : int) : Custom float value

+ getBooleansCountl) : int
¢ n a m e + getBoolean(id : int] : Custom boolean value
+ getStringsCount() : int
. o + getStringlid : int) : string

+ getRecordsCount() : int
¢ d e SC rl ptl O n + getRecord(id : int) : Custom record value
+ getintegerArraysCount() : int
+ getintegerArraylid : int) : Custom integer array value

+ getFloatArraysCount() : int
+ getFloatArraylid @ int) : Custom float array value
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Scene manager

» two collections

+ read-only elements, elements
+ only references (marginal memory overhead)
+ both contains same RW parameters

+ RO elements refers to base RO parameter
classes

+ RO elements forbids writing

28



Scene manager

= Scene

+ two types of lock (RO / RW)
+ returns Elements / RO Elements

+ thread safety
> single writer
> multiple readers
> reader preference (default)

29



Scene manager

= Apply method

+ Informs renderer about changes
 renderer adjusts internal structures
+ 'changed' flags are reset
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= Key features

= Main layout

= Data manager

= Scene manager
= Renderer

= Main manager
= Miscellaneous



» Renderer
+ interface (abstract)
» Subclasses

« Implements
rendering

+ provides info

+ creates custom
data

+ specifies data
format

Renderer

OpenGl 3D texture renderer

+ renderToOpenGl(Data : Array, Elements : Read-only elements)

+ renderToMemory(Data : Array, Elerments : Read-only elements) @ Array
+ getinfol() : Renderer Info

+ getCustomDatal) : Custom parameters RW

+ getDataFormat() : string

Renderer

+ lockOpenal : function call

+ unlockOpenGl : function call

+ loadCustomData : function call
+ openGlContext : int

+ renderToOpenGl(Data : Array, Elements ! Read-only elements)

+ renderToMemory(Data : Array, Elements : Read-only elemments) : Array
+ getinfo() : Renderer Info

+ getCustomData() : Custom parameters RW

+ getDataFormat() : string
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Renderer

= Renderer info

Renderer Info
+ Mame : string
+ Description : string
+ Author : string

I‘ifml: I! | tst.nng Renderer capabalities
€0 sinng + OpenGl ; bool
+ VersionMajor : int . ) biliti
+VersionMinor ! int +Capabilities + Camera : Camera capabilities
R ' + TransferFunction1D : Transfer function 1D Capabilities

+ Capabilities : Renderer capabalities
+ EngineVersionMajor : int

+ EngineVersionMiner : int
+ DataFormatld : string

+Camera +TransferFunctionlD

Camera capabilities Transfer function 1D Capabilities
+ Supported : bool

+ Supported : bool
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» Renderer info

+ name, desc., author, version, data format, ...
« capabillities
> supports rendering to OpenGl context

> for each scene parameter

« supported flag
» supported features (if parameter is supported)

= Scene parameters always present
= Renderer ignores unsupported parts
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= Key features

= Main layout

= Data manager

= Scene manager
= Renderer

= Main manager
= Miscellaneous



= Data manager's routines

« directory/file browsing
+ available file formats

» List of available renderers

= OpenGl| mutex
+ to protect OpenGL when used in GUI

36



» Parameters

¢ common, scene, data, ...
« provided to constructor
+ for server engine — from config file
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= Key features

= Main layout

= Data manager

= Scene manager
= Renderer

= Main manager
= Miscellaneous



O Miscellaneous

= OpenGL problem

+ global namespace

+ not thread-safe

 only available solution — big mutex
+ problem with multiple clients

+ separate process (engine) for each client on
UNIX systems (fork)

+ OpenGl| mutex for threads in one process
« OpenGl 3 => elegant solution? (classes)
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Thank you for your attention

http://thesis.hark.sk
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