gooo 00 1700 (2005)

sbecGUOO0U0O0ooooon
Jubogubgdbootdbootgbotdd

oooooonodd
Joooooooboooooobooooooogog

oo od



gooo 00 1700 (2005)

sbecGUOO0U0O0ooooon
Jubogubgdbootdbootgbotdd

ood 0O0o00oobbod od o

ooobobododAnd
Jobooobotdoooobogoboooboboboot

oo gd



O 0000

oooQ sbcGOOOO0O0O0OOOO0O0OO
Ooodpooooooogooogogon
goood od oo
goono OO0 0O O0oggopoo oo odg
000000 3bCcGoOOU0OoOoOo0ooooooooooog
Hoooy Ogopooogooooooooooog
oo]

gbboobobuogobbooobuobobooobbuog3bogbooobobooobgaon
(00 3DCG)0 0000000000000 0ND0D0N0D0D0DoDooooooooooon
gobobooogbobodgo
O3bccoOOOopooooooooboooooooooooooobooooooDooboo
gbbodgbboobobbuoobbbobbbuoobodbooboobbooboboo
gbobobbobobooboobboobuobooboobooboboboboogbo
gbgbobooboooboooboobuoobobooobooooboobobobobao
gbobobobobobuoooooobobooobobooooobobobobo
gbbogbbogbboobbobuobobbbbodbbobooobooboboo
gbobbobobobooobobooboooboboboboboboooobobo
gobbobooggbbbooooboo

Oooooooooo sbeccoooooooboooooobbooooooboobooooo
gbbobobooobooobooboooboobbuoouoboobuoobooboboo
gboobbobobobobooooobobobobobobobooooobobbobo
gbboobodbobobooobobooboobboobuobboobboobo
gbooooboobooobooboobbooboobbooboobboooboo
gboogobuodgbooobboobboobuooboobbooboobbooboo
googobdoobooobuoobooobbooboboboobobooboboobboooo
gobbobuoooobbbooooobbod




Abstract

) Reserch on a object profiler
Title . .
in 3DCG contents programming
Author Ryota Takeuchi
Advisor Professor Mitsuru Kaneko, Lecturer Taichi Watanabe
Realtime 3DCG, Object Oriented, Class Library,
Key Words .
Framework, Development Evironment, Profiler
[summary]|

In recent years, a lot of computer games using three dimension computer graphics
(3DCGQG) are developed, and the construction of the development environment becomes an
important problem in the personal computer and the game machine.

In order to display contents in 3DCG, it is necessary to manage several information
of many objects such as shape, color, transformation and movement. It became easy
to manage visual information (ex. shape, color and position) by structurize on some
existing library. But managing the behaviors of the object is still complicated. Each of
these must be individually controlled by a each command for individual object. On the
other hand, structurize of behavior information had not been considered over the situation
to date. Therefore, in cases where multiple objects behave asynchronously, it is difficult to
understand their behaviors. For this reason, a very inefficient trial and error is necessity
for making desired behaviors.

In this study, a managing system for the behavior history if the object is presented.
This system allows to back wind and re-act the behaviors of the objects. The object
condition can be changed in this operation. This system is called the object profiler. By
using the object profiler, the behavior if the program becomes easily analyzed, the root
cause analysis of unforeseen result become easily understandable and the trial and error
to make desired behavior become easy. In this thesis, the utility of the object profiler was
verified by making the library with which the object profiler is equipped and offering it
to be developer.
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gogobbbbbbuoooooobbbbbouooooobbobbboboogad
gooobbobbooooooobboobbbooooooobboobobbooad
goooobobbobbbooobobbbotbodogooooobobboboobobogd
gogobobbbbbbodooooobbbbodooooooobbbbboadad
gogoobboobbooooooobbbobbboooooooboboboogd
gogbbobuoooobbboooobobboooobobboooobooboo
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3.1.2 0O0O0O0O0O0O0OO0O0ODOOO0O0OO0

gogoobbobobbodoooooobbobobbboodoooooboobood
goggbbobboooooobbobbbbdoooooooobbobboogo
ggbbbbbouodoooooobobbbbbbobouooooobbbobbodao
gbbgogbbbogbuogbogboboobuooboooobuooboobg
gbobogoboogbbodobbuguoogbboobbuoobbuooboboo
gbogooboobboobbuoobuooboooboobbooboobbon
gogbobbobbouooooobobbobboodoooobbobboogd
ggooobod

3.1.3 UOboggooboobogod

gbooobooboobobuoobbooboobboobuooboobbon
gooobbobbbodoooooobbbbodooooobbobbooogd
ggoogbbbbbobotbugoooooooobbbboouooooboaog
gbobogobooboobooboobobooboooboobooobbobg
ooboooooboooboobooobo GguloobooboooobobooboooooDo
ggobobbbbbodgoooobobbbbbuoooooobbboboago
gogbobobbboooooogobobbboooooooobboboboogd
gogobobbbbouoogoobbobbbouooooobbobbouagd
gbooobgobobbobboboobooboobo

3.2 UO0OUOO0OOUOOobOUobouoouooooo

gogobbbobbodooooobbobbbuooooooboobbbogd
O0ooooooooooboooooooobooboooooooooobogspea
gogobobbobbbuodoooooobbobbouoooooboboobbboogd
goooooooboboboboooogoospcGoooooonoonboonon
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gogobobbbbbuodooooobobbobbbbouooooobbobobboagd
O00000O0b0o0obO0obObO0oboooobbooOooboOoOo sbcGUoOoOoOoDO
goobobboboboboogoooobboobbbuoooooboboboogd
gogobobbbooooobbbbbbbodooooooobbbbboago
goggobbobobbbdogoooobbbboddooooobobboobood
O00000oDOoboOonon FKSystem OODOODOOO0OOOOOO tk-Model O O
O0O000000DoO00DOOFKSystem OOO0 3DCGOOOOODOOOO
O0D000b0o0Do00b0O0b0o0b0o0b0o0Db0oOOn tkModelDODOO
ggbbobuoooobbbuoooobbboodad
gobogobogbboobbooobbooboobbooobbuoonooboo
Juduooooooobbboboobbbbotboodoooooobbobbobobob
goOosbccOOOOoODOoOOoooOoOoboOoOoDoOoboboOooDboOobooboOoo
gbobogbubbgooboboobouoobbooobuoobobuogobobo
gogobbbobbbouooooooobbbobobbbouooooobbobboo
gbogoboobbooboobboobo3oboobboobooo3an
ggbbobuogoobbbuoooob sbuggobbouoooobood

e HOUOUUOOLODLDOOOODLDLDDOOO

e JOUOUOODLODOOOODLDDLDOOOO

o JOUOUOUOUOUOLODO

O0oO0OoobDOooOoooboOo 3bCGAPIODDOOOOOODOODOOODODOOO
OO0tk Model UDODODOODOOODOODOODOODOODODOODOODODO
gboobbobobbooboobuooboobobuoobooboobbobg
gboboboboboooobobuobobobobobooooobboon
goobobbobbbuoooooobobbobboouooooobobboogad
goggobbbbbbboduooooooobobbobobboobbbooagd
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gobboooboooboooboooobbbboobobobobooboOUtk-Model
gogbobobodg sguobbboooobbboooobobbooooobbooa
ooboobooboooospcGUboboobooobboobboobboobooDo

3.3 Ubuoobogobogonod

O000D00OftkkModel DDODOODOODODOODOODOODOODOODOODODOO
gooboboobobbouooooobobbobobboouooooobboboboogd
gbobuogoboubbuoobobuoobobooobboobbuoobbooboboo
gbogdoodgbogboogbooboboboboobuoobuogbbooobo
gogobobbbobboouooooobbbbboouooooobboobobbood
gbogbboooboobboobgooboobboobboooboobbon
gobbobogobboboooobboogd

gbogbbbogbdoguboobobobbobboboooboobbobbo
gogoobbobbuooooooobbobbboddy -goobob -bobobod
oot -boobobbboooooobobbboboouoogobbobboago
gogobbbbbbuodooooobbbbbouoooooobbobbbboodao
gogobbobobbougoooooboobbboouooooobbooobobogad
gogobobbbbbodoooooobobbbbbouooooobbobboogd
gboooboobodg siloobbobobooboobboobuoobbon
gooogoobbobbouoooooobbo3sbuouoooonoboobood
gogbbobuooobbbuoooobboood
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Mocdel

maodel +fooTranslatel) : void
+ fooTranslatel : wvoid £|}‘
b 1= R I e hodelProfiler
- higtary : HistoryDE

+ fooTranslate) : void
ModelBase + undoHistary( : void
+ redoHistory © void

- position_and_angle : Matrix

+fooTranslateBasel) : void ’%‘
ModelBase

- position_and_angle : Matrix

+fooTranslateBasel) : woid
BaseOhject %

- OhjectiD : int= MODEL

Basedbject
- ObjectlD : int= MODEL

U3.1:0000000000000000000

goobobobbodoooooobbobbboooooooobbobboogd
gogobobbbbbouoooooobobbbbbbooooobobbbbbood
gddduooooooooobbbbooboobobbbbootbodooooboouad
gogobbbobbbuodooooobbbbbboouooooobbbobbodad

gbooobooobooon

34 U0O00O0OO0O0OOOOOOOOO0OOO0OO0OO0

goobobbbboodoooooobbbboooooooobobobboogd
ggs3sboobbbboboouogoooobbbbobbbbobooodougoo
gbooobobooboobboobuoobbooboobbooboobbon

gogoboobbouoogooobobbbooooooobbobboogd
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gogobbbbbouog slgoobbbbbooooobbbobbboodgd
gdogboooooobobboobbbbtbododoooooboobbboooogd
goobobbobbbooogooobobbbouooooogobbobboogd
ggbboouoodgboboo

03.1:000000000000000000

goooooo gogd

Scale(DODOO) 000000

Rotate(OD0O, 0,000) 0000000 (MOoo00)
RotateWithVec(D O, 0, 000) | 0000000 (DOOOO)
Focus(OO DO DO ) 0ooO0oo
Angle(DODOODO) goodoooo

Translate(D 0 000 0) 0000

MoveTo(D O OO DODO) gooooog

gboboobooboobobooboboboboboboo Ibobobooboo
goggobobboobbdogoooobobbbuoooooooboboobobbogd
gbooobog Ibboboobobooooboobobobobobooooon
O00oDOooboO00oDOoO00DO0bObO00DOO0FK System ODOODO 3
O0D00D0O0D0O0D tkVector DO OO0ODO0OOODOODOODOODOO
00000 (double) 00000 (nt) 0000000000000 OOOOOOO
O0000000000000000000000000 (bool)DOOODO (string)
ggbbobuoooobobooooobooo
gbobooboboooobobooboboboboboobobobo ID
gogobbbobodoooooobbobbodooooooobobobooogd
gogobbbobbouoooooobbbbbooooooobbobbboogo
gboogbooboboobbooobuoobbooboobbooboobbon
0000000000000 D tkModel DOODOODODOOODOOOODDOODO
ggbbobuoooobboboooon

O000OD0ftkkModel UODDODOODOOODOODOODOOODODOODOODODOO
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goboooboooooboobooobboobooooooobooDbO go
O0000O0O000boOo0ooooD loOODOODOODDOOOODODODDOKkY
b yYyouoobooobooboboboboob mOgOobOOobbOOoboon

fk_Model testModel;

testModel.glMoveTo(0.0, 0.0, -10.0);
testModel.setScale(5.0);
testModel.glFocus(-1.0, 0.0, 0.0);

for(int i = 0; i < 5; i++) {
testModel.loRotateWithVec(0.0, 0.0, 0.0, fk_Y, 0.05);
testModel.glTranslate(0.0, -0.1, (double)ix*0.2);

gob0o0 B2000000000000000D0O0O0OtestModel DD OO0
000000000000 000000000 getPos(), getAngle(), getScale()
gobobbodogobobbuooooobbbbooooobbbooooooon
goboobbboooouoobbooooobobbboooobobboooooo
goog
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0 3.2:testModel OO0 O0OOOOOOO

oooo ID

gobooboogon

GLMOVETO

fk_Vector(0.0, 0.0, -10.0), getPos()

SETSCALE

double(5.0), getScale()

GLFOCUS

LOROTATEWV
GLTRANSLATE
LOROTATEWV
GLTRANSLATE
LOROTATEWV
GLTRANSLATE
LOROTATEWV
GLTRANSLATE
LOROTATEWV
GLTRANSLATE

fk_Vector(-1.0, 0.0, 0.0), getAngle()
fk_Vector(0.0, 0.0, 0.0), int(fk_Y), double(0.05)
fk_Vector(0.0, -0.1, 0.0)

fk_Vector(0.0, 0.0, 0.0), int(fk_Y'), double(0.05)
fk_Vector(0.0, -0.1, 0.2)

fk_Vector(0.0, 0.0, 0.0), int(fk_Y), double(0.05)
fk_Vector(0.0, -0.1, 0.4)

fk_Vector(0.0, 0.0, 0.0), int(fk_Y), double(0.05)
tk_Vector(0.0, -0.1, 0.6)

fk_Vector(0.0, 0.0, 0.0), int(fk_Y'), double(0.05)
fk_Vector(0.0, -0.1, 0.8)

—~| ||| |—

3.5 UOOO0OoOo

ggobobbbbboodgoooobbbbbbouooooobbobobboagd
gogobobbobbbooooooobbobbboodooooobobboogd
gogobobbobobbobooooooobbobobboouooooobobbboogo
ggobbbbbbuodooooobbbbboooooooobbbboadad
goobobbobbobodogoooobbobooooooobobobboogd
OO00000oOo0ooo0oooooo0ooo0ooboooboobobooooo cAD O
0000000000 o000 O0oO000O0oOoOOOOOODODODODODODO
gogooboobbobooooobbobobbooooooobobbobobooogo
gggobbbbobbbouobbobbboudooooooobbbobbbogo
gobbbuoooobbbooooooobbbooooobobbooonooon

gbogboobogbuogboobuoobbobobobooboobooboo

gogobbbbbbouoooooobobbbbbbooooooobbbboadad
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ggobbbbbbuodooooobbbbbouooooobbobobbboogd
gooobooboboboboooboobg FocosUOODOoooonooobDOoO
goobobbobboooooobobbobbbouooooobbobboogd
gogobobbbbbuoooooobbbbboouooooobbbbbood
oo B3ugbobuoogobobuoooboboago

0330000000

goooooo gooooo

Scale(DO DO ) Scale(D0O0O0DO0OOD)
Rotate(D O, 0,000) Rotate(D O, O,-000)
RotateWithVec(O O, 0,00 0) | RotateWithVec(O O, O, -000)
Focus(OOOOODO) Angle(000OO0OOOD0)
Angle(DOODODO) Angle(000DOO0OOOD0)
Translate(D 0 OO0 0 0O) Translate(-000000O)
MoveTo(DODO OO D) MoveTo(DOODOOOOOOOD)
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4 0

Jooobobobooobobbooddd



goggobbbbbuooooobobbbuooooooobbobbbbuaoo
O00000oDb0obooooooo GUIOcOobOOooDooobobooobD GgUuIoO
goobobbobbobouodooogobobobbbuouooooobbobbboogd
gogbbbuoooobbbuoooobbbduoooboboao

4.1 U00O0OOOOOOOOOOOOO0OO0

O0O00oOo0o0o0bo0DOobob0ooDbODnD FKSystem DOOOOOODOOOOO
OO0D0O0D00O0D00O FKSystem OOOOOO0OODOOOODOOOOODOOO
gogbbobbuodoooogobobboobbboouooooobboboobboo
goggobbbotouoooooobbbboouooooobbbbougd
gogboboobobbooodoooobboobbbuooooooobbobobbooad
goobobbooboobobbboooooooobobbbboouoooboago
gogobobbbbbodoooobbbbbbouoooooobbobbboago
goggobboboooggoobboobboodoouoobbobboougd
O0D00Do0oooboOoooD tkModel DOOOODOOOOODOOODOODO
gbogooboobodobboobuoobbooboobboobuoobbon
gogbboobobbouooooooobbbobbboooooooboboboboogd
goggobbbbotouooooobbbobbobuooooobbbobbbodod
gogoobboboboboboogooobbobbbooooooobobooboboogad
ggbbobooooboboooon

4.1.1 0O0O0O0O0OOOOLOOOLOOOOOO0On

OFKSystem OOOO000000OO00O00OO0O0OOO00ODO0OODO0OOOODOO
gogobobboobobbooooooobboobobobobooooooobboobobbogad
gogobobbbbobuodoooooobbbbbbuooooooboboboboogo
O000D0O0OO00DODOO0D0FKSystem OOOOO0OOOOOOOOOODDOOO
goboboggbbobod
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// 0000000000000 000000000
if (main_win.visible() == 0) {
if (F1l::wait() == 0) {
break;
} else {
continue;
}
}
0O000// openGL OO0 3D O00OOODODOOODO
if (fk_win.drawWindow() == 0) break;
// 0000000000000
if (Fl::check() == 0) break;
if (fk_win.winOpenStatus() == false) continue;

ggogoobbbbbbbbbbouoddooooooobbbbbbbobbod

gogobobobbbobogooooobbbbbuoooooooboboboogd

ggobobobbouooooobbbliobbbbouooodo 1o0bbobobodad
gooobooodon

if (fk_HBUpdate() == 0) break;

0 fk HBUpdate()DOOOOOOOOOOOOOOOOOOOOOOOOOOO
gbogbobobobodgbodgboboobuoobobobobbobboobad
O0O00oOo0oooog Ctrl4+0 Shift4+TabO DD OODODODOOO0DOOOODOO
gogoobboobobbbodoooooobbbbooooooobobobbooad
gbbodbbogobuogbobobuoobbooboobuoobooobobgo
gogobbbbbbuoooooobbbbbbbouoooooobbbbbodao
gogobobobobbbuodgoooobbobobboooooooboboboboogad
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ggboobogoon

4.1.2 O0O0O0O0OO0OOOOOO0OO0O0OOO0

gbbogbboooboobbuooboobooobooboobboobobon
OO0D0000000 testModel DODODOOO tkModel DODODOOOODOOODOO
ggbbobuoooobbbuoooobbbooooboboooobooboo

testModel.setHistoryMode (true, "Test");

0 fk_Model::setHistoryMode() D0 000000 true 000000000000
goooooooooOoOopoooOoOooooooOoooooooooooDoooDO
ooooooooooooooooOoooooooOooooObooOooooDooonDd
ooboooooooooboooooboboOobooOoobobooooboboOoooOononD 300
goooooooooOoOooooooUooooooooooooOooooood
O0000000000D00D00000000 false00000000O0O000O0O
oooooooooooooooOoboooooobOboboOooobOOboOooOoooODO
oo0o0oO0OOOOO0DOO0OO0O00000000000000000000000

ggbbbuooobbboooobobuoooobbbuooooboo

4.1.3 O0O0O0OOOO0OOO

gogoobbbbbouooooobobbbbboooooooobbbbooago
goggoobbobobbbbododooooooobobobobobodoogobuogd
gboboobobuogboboooboogbbooobboobboobbuoonoboo
gbooobgoobbobbuoobuoobbooboobbooboobbon

gboogboboooboooboobbobbooboobuooboobbobg
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gogobobbbbbuodoooooobbbboouoooobbobboagd
gogbobooboboboodoooooobbobobboodoooobooboobobood
goobobboboboboogoooobbobbouooooooobbobboogd

Bojooooooooooooo

fk_PushProfile("hoge-");
// 000 fk Model OODOOODOODOOOODOO
fk_PopProfile("hoge-");

0000000tk Model0OOODOOO fk_PushProfile(“hoge-") O fk_PopProfile
(“hoge-”) 000000 O0DODOOODOO0OOOOOOOOOODODOOOOOODOO
00000000 PushProfile 0 PopProfile 00D O ODOOOOOOODOOOO
goobooboooooobbuooodobobbooobobbooooooo
ggouooboobbbbboooooooooooo

0000o0ob0o0b00b00obO00ob00b000O0DbUOUORuby O CH OO
oo bobbdodddddooooooooooobo
oooboooobooboo C++000b0ob0O0obOUobOOobOOobOobObObobooboO
gobobobooooobbuooooobbbiooooobbbooooooo

gobbobuoooobbbuoooobbbooooboooo

414 0O00O0O0O0OOOOOLOOOOOOOOO

o3pccUOO00oooooooobooooboooooboboboobobobooDo
gogobbbbbbouooooobbbbbouoooooobobbbbboodao
O0O0O0OFK System OODOOOO0OO0O0O0ODO0ODOOODOODOOODOODOODOODOO
ggbobbobooooobbobbuoooobbbbbouoo 1o0o0obobod

gbogobgooboobbuooboobbooboobbooboobbon
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gogobobbbbbouooooobobbbbbuooooobbobboago
gogobobbobobbuoooooobbbbboooooooobboobobboogad
goobobbobobobodogoooobboobbbouoooooobobbobogo
gogbbbuoobbbooodgbbbuoooobbbuooobbboood

4.2 UO0bootdbootdbootdboodgboodon

gbogbboboboobbobobuooboubooboboboobobobbo
gooobooboboboooooauiIocoogoooboboooogoooobonon
O00000000000000 fkHBUpdate()DOOOOOOOOOOOOOO
gogobobbbbbouooooooobbobbboooooobbobbboogd
gbogobgoobboobobuooboobboboboobboobuoobbon
gogobobbobbbouooooobbbobbuooo 4100bbooboodad

ggbbbuoodobbbooooboooboo
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1
2
3
4
5]
4]
7
g

g

. CAR
. Birdvwiew

FK Model History Browser

L iGround

: Building1
 Building2
- Building3
 Buildingd
- Buildings
: Buildingé

Light1

10 : Light2
11 : Buildview

Model List

Status

Detail

G.Undo 4

G.Redo b

Undo4

Redo b

[ Invalid M

I Pausell

No.0 "CAR", Step : 225/ 225 (about 5212 bytes)
Position(x, v, 7) = (150.0000, 195 5000, -0.0000]
EulerAngleth, p, b = (0.0000, -1.5708, 3.1416)
Directionvec(x, v, z) = (0.0000, -1.0000, 0.0000)
Upivec(x, v, z) = (0.0000, 0.0000, 1.0000)
Scalefo)ix, v, ) = (1.00003(1.0000, 1.0000, 1.0000)

[225]:7 Draw Step[109] =
call frorm "main_loop"

[208]7 Draw Step[99] = @main_loop
[206]:l0Translate(0.00, 0.00, -0.50;.@Car: forward
[207]== Draw Step[100] *=@main_loop
[208]:10Translate(0.00, 0.00, -0.50;.@Car: forward
[209] === Draw Step[101] ™=@main_loap
[210]:l0Translate(0.00, 0.00, -0.50;.@Car: forward
[211]== Draw Step[102] *=@main_loop
[212]:l0Translate(0.00, 0.00, -0.50;.@Car: forward
[213]= Draw Step[103] *=@main_loap
[214]:l0Translate(0.00, 0.00, -0.50;.@Car: forward
[218]= Draw Step[104] *=@main_loap
[216]:l0Translate(0.00, 0.00, -0.50;.@Car: forward
[217]= Draw Step[105] *=@main_loop
[218]:l0Translate(0.00, 0.00, -0.50;.@Car: forward
[219] == Draw Step[106] ™=@main_loop
[220]:l0Translate(0.00, 0.00, -0.50;.@Car: forward
[221]== Draw Step[107] *=@main_loop
[222]:10Translate(0.00, 0.00, -0.50;.@Car: forward
[223] = Draw Step[108] ™ =@main_loap
224]loTranslate(0.00, 0.00, -0.50%:@Car forward

041:00000000000D0O00O00O000O0

gbobobo0bOobOob0obobobobOobOobOModelList 1D OOOO

O000D00O0 setHistoryMode(true) 00 000000000000 COOOOOO

gbogbboooboobbuoobboooboobboboboboobobooobon

gooobbobbbodgoooobbbboodooooobbobobbogad

gogbbbbbbuodogooooobbbbbuooooobbbbbuooo

J00Oo0ob0odnb History UODODOODDO0ODOOODODOOODOODODOO

OO0b00O00 tkModel DODDO 3000000000 DO0OODOOOODOOOO

gogobbbbbbuoooooobbbbbboooooobbobbbboodao
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gbobodbOdbDDrawstep DD OODUO0OOODOOODOODOO0ODOODOODOOO
O00000D000b000b0O0DbO Detadl DOODOODODDOODODOODODOO
goobobbobbouodoooooobboobboouoooobbobboboogo
gboboboboooboboboboboobobO0bUHistory DODUODOOO
O0000000b0b0oboboUoboOStatus 000000 OD0OODODODO

ggbboobbbooooobbbuoooobbbooooboo

4.3 0O0O00OO0OO0O0 Undo OO Redo

O00000O0OD0O0OO0OD0ODO Undo/RedoD00OOOOODODOODOODODDODODOOO
gbobobobobobooboobouobuobuobubdibbdbHistoryView O 0O
O0000000000000000000000000 Undo/Redo 0O DODODOO
gogoobbobobbbodgoooobbobobbboooooooooboobbogd
ggbbobuoooobboooobobboood

4.4 00000000000 Undo O Redo

gbogboboodgbodgbbodgbogbry bbobbooboboobbo
gggobobbbbbbbotudooooooooooobobbbobbbogod
O0000000000000000000 G.Undo/G.Redo DODODOODOODODO
giligbbbooogbbbboooobbbooooboooooobobooo
O0000b0o000b0o0bo0obOoobDdg Draw Step DOOOODOOOOODOO
gogoobbobbooogoooobbobbbooooooobobboogad
gogbobobooogbobobodo

4.5 OO0O0OOOOOO

gboobobooooboD hwaliddDOOOOOoOoooobbobooboooon

ggggoobbbbobobbbbbuooooooobobbbobobbbbbod
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gogobbbbboouoooooobbbbbououoooobbobobboagd
gogoobobbobobbooooooboboobobbboouoooooobboobood
gobobobobboouooooobobboobbboooooobobbooboboo
gogobbobobbooubbobuodoooooooobbbbobbbooago
goooo

4.6 Undo OOOOOO

gogobgboobidn Pawse HODO0ODOOOO0ODOOOOODOOODOOO
gobobobuogobooodgbbogbbooouooboooobbuoonoboo
goobobbobbbodogoooobbbbouooooobbobboogd
gbogooboobooboobobooboboooboobbobobuoobbon
gogbbobuoogobobboooobobuoooobboooon
gogobbbbbbouooooobbbbbbbuooooobbbobodoo
gogobobbobbboodooooobboobobboodooooobobbboogod
goobobbobbobuoooooobobobbouooooobbobboogd
gbobogobboodbbuooboobbuogbuooobooobbuoobboo
gogobobboobbbuodgoooobboboouoooobobobboogad
gobobbobbbodoooooobobbbbbouoooooobbobboboogo
gbobooboobgd
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5 [

HRERERERE



goggobbbbbuodoouoooobbbboooooobobbobbboagd
gbogobooboobboobuoobbooboobbooboobbon
gobobobobbouooooobbboobbboooooooobbobboogd
OoooooooooooboooooDboOo sbecGoOoooooooobooooo
googobuogobooobboggbbuogbuooobbuooobbooboo

5.1 UOUOOUOOobOooooonon

g3pccUObobpooooobooboobooboooobooooooboooDo
gboooboobooboobbooboobboobbooboobbon
gobbooobbuoobbuooubbooobb2000b0b000obboo
gogoobbbbbbbuodgoooobbbbbooooobbobbbooo
gdbliobobobbboooogoobboobobbotbouoogooooboobood

goobobbobboooogobbobbboooooooobbobboogo

gogno

gsLngobbboogobbooooon
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goggobbbbbooooobbobobbbououooooobbbbbougd
gogobobboobbbodooooobboobobbboooooobobobobboogod
gogobobbobbbouooooooobbbbboouooooobbboobbogd
gogdgobbbbbbbbtodoodooboooooooobbbbooaao
ggboooboogd
gpobuogbbugbbuobboobboobobooboboooboooboo
gbooobogbogbobobooooooboboboboboboboboobo
goobobbobbodoooogobbbobbbouooooobbobboogd
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