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pid Start()
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[] myVertices = new [3]; start()
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Mesh myMesh = Mesh();
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tij-?;_ meshFilter.mesh = myMesh;

GetComponent<MeshFilter>()

meshFilter M X =)\ mesh (C
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meshFilter.mesh = myMesh;

GetComponent<MeshFilter>();

Update()
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myMesh.SetVertices(myVertices);

myTriangles | [0] | [1] | [2] | [3] | [4] | [5]
IEI=ES=2(0) @ @ @ @) ©) myMesh.SetTriangles(myTriangles, 0);




JO>T O haETITD

@ MeshSample - 5ampleScene - Windows, Mac, Linux - Unity 2021.3.16f1 Education <DX11> — x
File Edit Assets GameObject Component Window Help

NURit




Bz:}?/j& D, (/j- 5

NTUP)EERRZERTET D



NTUTIL (M8) ZfFI D

Q@

File Edit “Assets GameObject Component

signin

P

IFFEEFE-F >

Create

Show in Explorer

Open

Delete

Rename

Copy Path

Open Scene Additive
View in Package Manager
Impert Mew Asset...
Import Package

Export Package...

Find References In S5cene
Select Dependencies
Refresh

Reimport

Reimport All

Extract From Prefab
Update XML Schema
Open C¥ Project

View in Import Activity Window

Properties...

Window Help

Alt+Ctrl+C

Ctrl+R

ple - SampleScene - Windows, Mac, Linux - Unity 2021.3,

>

s

Folder

C# Script

i)

Visual Scripting

Shader

Shader Variant Collection
Testing

Playables

Assembly Definition

Assembly Definition Reference

Text
TextMeshPro

Scene

Scene Template

Scene Template From Scene
Scene Template Pipeline
Prefab

Prefab Variant

Audio Mixer

Material

Lens Flare

Render Texture
Lightmap Parameters
Lighting Settings

Custom Render Texture

Animator Controller
Animation
Animator Override Controller

Avatar Mask

o W

-
Bl =

Sehaviour




VERk U727 77 )LODE&HI

@ MeshSample - SampleScene - Windows, Mac, Linux - Unity 2021.3.16f1 Education <DX11>
File Edit Assets GameObject Component Window Help

= Hierarchy

+ -

P SampleScene
&) Main Camera

) Direc

) Me

e Project 8c
+~
% Favorites 4~ Assets
D, All Material

All M

@ Assets
I Scenes
@@ Packages

Standard

Opaque

Metallic Alpha

Standard

_ C Cl& MeshSample ([CLTTULD




<7 J7J7)L7%Z& GameObject (C#H

2] MeshSample - Sampl
File Edit Assets
Signin o
‘= Hierarchy
+ -
P SampleScene*
Main Camera

ional Light

£ MeshSample

Im Froject B Console
-+ -
* Favorites

Q, All Materials
Q, All Pref; ab

[ Assets
Im Scenes
[ Packaqes
Ia Cod
I Custom NU|||.
Im Editor Coroutines
e JetBrains PI..,:‘I Edito

ne - Windows,

GameDbject Component

=)

i # Scene
Pl -

Mac, Linux - Unity 2021.3.16f1 Education™
Window Help

| Game

R~

v g mv @v

<= Persp

>%‘:0U w2 U TR

N7 UJ7)L%Z Materials
@ Element 0 (C Drag &
Drop 935

0 Inspector
[Jﬂ + MeshSample Static
v
ag Untagged = Layer Default

Transform e

[none] (Mesh Filter)
MNane (Mesh)
B v MeshRenderer
Materials

Element 0 None (Material)

= ONSEMT S
e SEETED

Blend Probes
Elend Probes
Anchaor rride  Mone (Transform)
Additional Settings
i tors Per Object Motion




<7 J7)LHY GameObject @ Materials (C#HAIAFIND

2] MeshSample - Sampl ne - Windows, Mac, Linux - Unity 2021.3.16f1 Education™
File Edit Assets GameObject Component Window Help
Signin o
‘= Hierarchy 3 §  # Scene o Game i 0 Inspector
R @ v @~ . gy B my Qv [‘Iﬂ + MeshSample

P SampleScene* i -
Main Camera ag Untagged = Layer Default

slatic

Jirectional Light

- -
£ MeshSample Transform @

[none] (Mesh Filter)
MNane (Mesh)
B v MeshRenderer
Materials

Element 0 ® MeshSample

<7 7J7)LH GameObject M Materials 3D
ksl Element 0 (CHEAHAFND

* Favorites

Q, All Materials
G, All Models ight Probes Blend Probes
Q. All Prefabs 2 tio . BElend Probes
G Assets Anchor Override  None (Transform)
I Scenes Seanas MeshSanmn. AT, Additional Settings
[ Packages )
e Code Coverage
I Custom NUnIt
Im Editor Coroutines
e JetBrains RI._,I:‘I Editor




JO>T O haETITD

@ MeshSample - 5ampleScene - Windows, Mac, Linux - Unity 2021.3.16f1 Education <DX11> — x
File Edit Assets GameObject Component Window Help

NURit




. S
JERDIERR

OERRISTERC EICEETET D
- HESNTL\BERTIHIEREHEEIND

B hUEI—b JBERA>TWYIX

== & == AR =Af | EREsS
B85 x | y | z 85| x |y | 2z AlO|@|O®
@ o 0 0 @| o 0 | -1 BlO|@|®
@ 1 0 0 D o 0 | -1
@1 o 1 0 @1 o 0 | -1
@ 1 1 0 @ 0 0 | -1




[BER)7 MU E D1 — MIERET DERDT — 2w D

5%%7?0)5_\_9 Start()

[] myNormals = new [4]; :
_ . Vector3[] myVertices Vector3[4];
4DD B D(EZ B xR (CFFDBcH = 45k
L T myVertices 5B 9 3 nyVertices[0].Set (e, 0, 0);
myVertices[1].Set(1, 0);
myNormals[0] = Vector3.back; mVertices[2].5et(0, 1, 6);
- | m rti 3].S s 9);
myNormals @ 0 ZBH5S EIDfE (0, 0 yerticestal.setd )

-1) ZEDOFFNE L back ZZ 1R T D

Vector3[] myNormals = Vector3[4];

myNormals[1] = myNormals[0]; e vectora(a, 0, 1)

myNormals[@] = Vector3.back;
myNormals @ 1 #&H (& myNormals @ 0 &HB mi,\,o,«malsm _ myNormals[0]:
(‘_’_ﬁ bEO)%%ﬂ’i@'% TE S Do Ao myNormals[2] = myNormals[@];
%.:. myNormals[3] = myNormals[0@];
T lx |y | z
myNormals[@] o)
0 0| -1 . .
myNormals[1] o1 ool [] myTriangles = [6];
Vector3.back
myNormals[2] 7 @l ol ol =1
myNormals[3] @0 o0|-1
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JBmDERRDT—4 myNormals %= o ey
myMesh (CEXE T D

myMesh.SetNormals(myNormals);

myMesh.SetVertices(myVertices);

myMesh.SetNormals(myNormals);

]E,"\I—T_'\ 7%!%7? myMesh.SetTriangles(myTriangles, 0);
—
BwS | y 2
@ 0 0 1 MeshFilter meshFilter = GetComponent<MeshFilter>();
@ 0 0 —1 meshFilter.mesh = myMesh;
@) 0| 0 | -1
@[ 0| 0 | -1
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slices =5

height

/'A |

(X0, Y0, 0) ‘Width/slicesrI
0o <

width L
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TUBTZN slice D L STERDER ieing System.Collections.Generic;

nVertices (j: using UnityEngine;

MeshSample : MonoBehapiour

nVertices = (slice + 1) X 2 {

slices = 5;

EARDEEN height THIOIERDES o - 1, |
=hty, DEZ LRDERDOES v, 3 height = o7

Y1 = Yo + height

Start()

= (slices + 1) * 2;

Vector3[] myVertices = Vector3|[

Vector3[] myNormals = Vector3|[

yl = y0 + height;
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xX; = Xo + width X i/slices
i 73\‘ 1 EDC L ICIERESEQED
BB S (I TRINDMEZ T AN EEX

\l

\l

for ( i =0; i <= slices; ++i)

)i / slices;

Xxi = x0 + width * uj;

pi =1 * 2;

myVertices[pi].Set(xi, y@, 0);
myNormals[pi] = Vector3.back;

myVertices[pi + 1].Set(xi, yl, 0);
myNormals[pi + 1] = Vector3.back;
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¢ 1 jd)}b %ﬂ;% 2 DODEEHZT\\’?—%? nTriangles = slices * 6;

- UTEHh' > CIERI(E 6 fEd D

> [] myTriangles = [nTriangles];
. =] —
- | HEHOUARORA)DIERESDISIHNSE(E
myTriangles|6i] i = 0; i < slices; ++i)
myTriangles | .. [60] [6i+1] |[6i+2] |[6i+3] |[6i+4] |[6i+5]
BRES | .| 2i 20+1 | 2042 | 2i+3 |2i+2 |2i+1
o )
i BE DA
__]I_ ________ - T_— myTriangles[fi =
| | myTriangles[fi =
I I myTriangles[fi =
I I
I I
| | myTriangles[fi =
: : myTriangles[fi =
I Y \Sad 24 . 1 myTriangles[fi =
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BRI (1) —B 7= DOPLED=HD—E RS

J___ n ﬁﬂ/t (j: n (3:]- \/\\\O)gyg_rd‘b-g gizigm:ggﬁgzﬁgngGeneric;

nVertices tg_ UnityEngine;

MeshSample : MonoBehapiour

—IAHEDDHRLAED 20D 1 = Wertices = 9;
aStep EUEXT ' o~ of.
(:) radius = 3f;

Start()

Vector3[] myVertices = Vector3[nVertices];

(:) Vector3[] myNormals = Vector3[nVertices];

(%0, Y0)

aStep = Mathf.PI / nVertices;




SN (2) ZDDIARDALE EiERE KD D

%’ ,\,\\\O)'{_L 5%%7?%2&&9253_ for ( i =0; i < nVertices; ++1)

BHRD ++i (CEDi=0,246, - EIEINT { . * .
BDTi+1=1357- ERXDET angle = (i + 1) * astep;

radius * Mathf.Cos(angle);

radius * Mathf.Sin(angle);

myVertices[i].Set(x@ - x, yO - vy, 0);
myNormals[i] = Vector3.back;

(xO — X Yo +y)

if (++i >= nVertices) break;

myVertices[i].Set(x@ - x, yO + vy, 0);
myNormals[i] = Vector3.back;

(xO — X Yo _y)




FEf (3) JEmESZ 3 D9 DIRDD

?NTODE%HZ(:DL\( nPolygons = nVertices - 2;

nTriangles = nPolygons * 3;

ER3EC EICRTA RURHSIERES
7&$§%|*—| ngsa_ [1 myTriangles = [nTriangles];

,\,\\\Obyﬁl%ﬁyﬂlﬂﬁl(JE%E@“*I(J %1 &[E DIAsAES .
tEljlj_/fb\'f§7L§§_ ® TEO'“ ( i = 0; i < nPolygons; ++i)

fi=1%* 3;

myTriangles[fi + 5]

|
i=0DEE: |
: I
L - @ @ : myTriangles[fi + @] =
i+1 — @ Q ' myTriangles[fi + 1] =
i+2 — @ : myTriangles[fi + 2] =
I
SN N VR S o — — — — — — .
i=1DEE: : if (++i >= nPolygons)
I
i+2 >0 ) i
i+1 - @ @ l myTriangles[fi + 3] =
i N @ : myTriangles[fi + 4] =
I =
|
I
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System.Collections;
System.Collections.Generic; -t
UnityEngine; | O —
. ' @ - EB v MeshSample Static -
MeshSample : MonoBehaviour =y T rag UNtgged v Layer Defallt v

s

. A Transform o 3+
nVertices = 9; Position X 0 ) Zo
X0 = @'F; Rotation X 0 )
y@ = @'F; SirER Scale L |
[Range(1, 5)] radius = 3f; Bl [none] (MeshFilter)

Mesh None (Mesh)

Y ~ Mesh Renderer

Sta r\t( ) Materials

Lighting
Probes
Additional Settings

Vector3[] myVertices = Vector3[nVertices]; B - MeshSample (Script)

N Vertices
Vector3[] myNormals = Vector3[nVertices]; iﬁ
Radius L

Mesh Sample (Material)

aStep = Mathf.PI / nVertices; Shader |Standard

MashSamp...

Add Companent
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AR 7z fitrd (C

I AN




. A
TR Z it il NS

height height % stacks = 3

stacks

(%0, ¥0,0) I width !



EZa s 5N UKD TH <

TUBHAZH slice X stacks MDD EZTIE  |itssssrmsssy
IJ_‘I_O)* nVerticeS using UnityEngine;
e y& (j: MeshSample : MonoBehapiour

nVertices = (slice + 1) X (stacks + 1) slices = 5

stacks 3;
X0 = -5T;
yo = -1f;
width = 1eof;
height = 6f;

Start()

nVertices = (stacks + 1) * (slices + 1);

Vector3[] myVertices Vector3[nVertices];

Vector3[] myNormals = Vector3[nVertices];




JERODAIE &R ZKEDD

:ﬁﬁdﬁd)]-ﬁ}f—\:l\] — 0 O) y Eg;%b\‘ yO O)Cl:_% for ( j = 0; j <= stacks; ++j)
SH\S j BEDIESD y BIE y; (&

yi = Yo +J X hStep

)j / stacks;

yj = y@ + height * v;

'@® ' @0 '@ '@ vx)
yS-#—-——,- ———————— _"————"- —————— po = j * (slices + 1);
A | : : : for ( i =0; i <= slices; ++i)
| | [ {
5 ) B 1 @ @

u= ( )i / slices;

Xxi = x0 + width * u;

@ pi = p@ + 1i;

myVertices[pi].Set(xi, yj, 9);
- myNormals[pi] = Vector3.back;

| @ @ | 10, ' ® }




UARZZ EDIERDISINE EIARESZ KD D

/L ﬁﬂzd)éy(j: SliceS X StaCkS Td:d)t“z nTriangles = stacks * slices * 6;

ARZDEZ slices x stacks X 2 TTH5

]E,'ﬁ@’;'—;& nTTlaTlgleS (3: [] myTriangles = [nTriangles];
nTriangles = stacks X slices X 6 TEOP (int J = @; j < stacks; ++])

*%I%W%(j: 1 Eﬁ:‘t(: SliC@S X 6 ?\né fo = j * slices * 6;

o = J X slices X 6
JBERESIE 1R &(C slices + 1189

vy = j X (slices + 1)

poO = j * (slices + 1);




—AEDOIERESZIRDD

/\I\\\(j: 1 Eﬂér D SllCQS + 1 1@@57]\ i = 0; i < slices; ++1)
]—z\/\\\%-%% (%4 0)]—/\/\\\0)/E\J:0)]—/\/\\\0)]—E i fo + i * 6;
RES(E v+ slices + 1

po + i;

| ! ! ! l
————————————————————————————————— myTriangles[fi
myTriangles[fi

! | |
! [
: ' : myTriangles[fi
! [

[
[ [ slices + 1;
: | 1;

|

: myTriangles[fi
I myTriangles[fi
: myTriangles[fi
[

slices + 2;
1;
slices + 1;
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AssetBundle
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None =




(J MeshSample - SampleScene - Windows, Mac, Linux - Unity 2021.3.16f1 Personal <DX11>
File Edit Assets GameObject Component Window Help

B Proj
+ -
* Favorite

Main M

Metallic Alpha




AR (1) TES2 TSR TR CEATHES ERIL

MRS R TZEDZ LD S sytem Collections
,\,“\G)gy(i%ﬂtn L/tg_ UnityEngine;

MeshSample : MonoBehapiour

nVertices = (slice + 1) X (stacks + 1) lices — 39

slices stacks 16;
radius = 3f;

Start()

stacks nVertices = (stacks + 1) * (slices + 1);

Vector3[] myVertices = Vector3[nVertices];

Vector3[] myNormals = Vector3[nVertices];

F&HD >




R (2) TEEDEBEN BES v, & TOMEDHE r #KHS

for (int j = @; j <= stacks; ++j)
{
float v = (float)j / stacks;
float latitude = Mathf.PI * v;

float yj -radius * Mathf.Cos(latitude);

float rj radius * Mathf.Sin(latitude);

0

VZ int po = j * (slices + 1);




fEEf (3) JTERDEENS y; ORE EOALE x; , z; Z23KEDD

for (int i = @; i <= slices; ++i)

{
float u = (float)i / slices;
float longitude = 2f * Mathf.PI * u;
float xi = rj * Mathf.Cos(longitude);
float zi = rj * Mathf.Sin(longitude);

int pi = po + i;

myVertices[pi].Set(xi, yj, zi);
myNormals[pi] = myVertices[pi].normalized;

AR
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myVertices £ myNormals DZERES S i
% Start() 0)91\?“,{Tj UnityEngine;

MeshSample : MonoBehaviour

myVertices & myNormals (&4 >/ VZEE (7 , |

BZOTHAVY RETHEEIND S - i
radius = 3f;

Start() TT> CLVEEHE = (FHIRT 3 3

Vector3[] myVertices;
Vector3[] myNormals;

Start()

nVertices = (stacks + 1) * (slices + 1);

myVertices = Vector3[nVertices];

myNormals = Vector3[nVertices];




TCDXZDBZRERDMEZTIZEN T D

| IEI=Y0pLIViT= myVertices C‘_'_;E?f‘}i Update()
myNormals (EX > ) \Z#K {

Start() TIEZEZTEL CL\D
WE&GAMH%%Wﬁﬁﬁmﬂ%_ | = TR

= g 5 Vector3[] vertices = Vector3[myVertices.Length];

BZRHUITTDIERDEN myVertices.Length

t = Time.time;

for ( i =0; i < myVertices.Length; ++i)

STTDIES DB EEEAEIC s Bh L {

vertices[i] = myVertices[i]
+ myNormals[i] * s;

JEALEZ KD D

myNormals[l] * s

-
-
-
.=
-
-
-

myVertices[1i]




GameObject DAWZ 1 ZEFI D

GameObJeCt D\BX \\J :/j— €Hy D Hj g_ Mesh myMesh = GetComponent<MeshFilter>().mesh;
GetComponent<MeshFilter>().mesh : _
myMesh.SetVertices(vertices);
D UTEXAY S 1 DIEROMEZE
%ﬁ_ bt{ﬁ%?% %}@25 ; myMesh.RecalculateNormals();

}

myMesh.SetVertices(vertices);

BT UAE(CHITDIERNRD MLz
BETEI D
Mesh::RecalculateNormals() XYV v R
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FFAEROZERRERIET D

ZH.ER % Vectord BU(CT B Datel)
Vector3 RDEZEZ r £ 9D {
rD X,z Es ELYDH —s ETD
BT N7 r 8 U CouDIER L&
(CHIZR.B Vector3 r = new Vector3(s, -s, s);
— DM Vector3 EDEZRRTDERE(C(Z

t = Time.time;

s = Mathf.Sin(t * 20f);

Vector3[] vertices = Vector3[myVertices.Length];
Vector3.Scale(Vector3 a, Vector3 b) ZZHR UL\
'%5 for ( i =0; i < myVertices.Length; ++i)

{

vertices[i] = myVertices[i]
+ Vector3.Scale(myNormals[i], r);
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Signin s

= Hierarchy
+ -
R SampleScene*
) Main Camera
7 Directional Light
) MeshSample

I Project B Console
+ -
* Favorites
Q, All Materials
L All M s

Q, All Prefabs

@ Assets
m Scenes
s Packages
Im Code Coverage
Custom NUnit

© Inspector
By Qv (7] ¥ MeshSample
.
ag Untagged ~ Layer Default

P Transform

Position X ( Y O

@73“5 Sphere Z3#E,5\

Sphere (Mesh Filter)

Mesh Sphere ®

VAN VI Sclect Mesh

Materials q
Lighting
Cast Shad
Receive St

Contribute

Probes
Sphera

Anchor Ov¢

Additional Se

Sphere

e
Vertices, 768iTtiangles | UV1,
Library/unity default resources

Standard Edit...




PRDT—HZEMTDINDDICT V=S T DAY S 1 %Z1(E

i;kd)?—g%{ﬂ;&g‘%gl}ﬁ%ﬁ“ B%j% System.Collections;

RIDDICH — AT ST 2 NEHAD i
MeshFilter Mo Xw = 1 HEDHT

DAY S 1 DTEROATE &R
#LTa< i

{

]E}ﬁd),fﬁ% (3: g E]’]t“{/ﬁ}ﬁ ijt & % & |§_| MeshFilter meshFilter = GetComponent<MeshFilter>();
U<BWCRT—UZ T ULTHEL

6 <50
A= 3 MEHGRSN CTULRWERD T
%l%;b\‘ﬁl%ﬁ L/Td:(/\ (ﬁ%—b\‘ﬂj 5) myNormals = myMesh.normals;

J

MeshSample : MonoBehaviour

Vector3[] myVertices;
Vector3[] myNormals;

Mesh myMesh = meshFilter.mesh;

myVertices = myMesh.vertices;

for ( i =0; i < myVertices.Length; ++i) myVertices[i] *= 6f;




#EE 3 : Sphere LD TU =574 IHEZRL T IEEL)

ADEDTIEAYVS O
MNOEEL TWLWDOTHE

ZEDINSGINS(EEL

RecalculateNormals() Tl&
Aw =3 HYERT U TULVRLY
=g =Sy AN VAT S VAN A
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Metallic Alpha




AFEAI (1) myVertices & myNormals & X > ) \ZEE(ZT B

HHNRER(CIRDDTAY > 21D E] e ton Colloctione. Generic;
N slices, stacks %< U CHEFET AR,

MeshSample : MonoBehaviour

const int slices = 100:; :
slices 100;

const int stacks = 30; o o sty
: N PR yo = -1f;
myVertices & myNormals & X > ) \ZZ VidEN = 107

HCLUFET
Vector3[] myVertices;
Vector3[] myNormals; start ()

g;&d)*}]gﬂ'ft%{ﬁl(:g%béi? nVertices = (stacks + 1) * (slices + 1);

myVertices = new Vector3[nVertices];

Vector3[] myVertices;
Vector3[] myNormals;

myVertices = Vector3[nVertices];

myNormals = new Vector3[nVertices];

myNormals = Vector3[nVertices];




- N
RS (2) FRAMICIEROAIEZZENT D

ERARIICIEROMUEZREIUERT e

- vertices[i] = myVertices][i] + myNormalsJi] * r;
- CDr ZFEFE TR b= EEF I

- float r = Mathf.Sin(s);

- CODIDEFAEREEMFETRELCLED vectorsL] vertices = maw Vectorsimyentices. Lengthls

i"}ﬁFﬁ(L.A:j t-*yéj‘]a_étfl$ﬁ%w Ea_ ( i =0; i < myVertices.Length; ++1i)

{

t = Time.time;

s =t * 20f;

- floatr =
Mathf.Sin(s + myVertices[i].magnitude * 2f);

r =
Mathf.Sin(s + myVertices[i].magnitude * 2f);

XTI NILDOERE

(RS DiEE!)

vertices[i] = myVertices[i] + myNormals[i] * r;

}
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BRI 71)7=

Q

File Edit
Sign in "

‘= Hierarchy
+ -
P SampleScene
) Main Camera
£ Directional Light
) MeshSample

e Project B console
+-
#* Favorites
QL All Materials
Q, All Models

Q. All Prefabs

(& Assets
I Scenes
[@ Packages
Im Code Coverage
I Custom NURIt
Im Editor Coroutines
e JetBrains Rider Editor

# Scene

Asset (JIBHNT B

o Game

-

= Persp

© Inspector

['Jﬂ v MeshSample Static

ag Untagged ~ Layer Default

Transform
X 0
X 0
LI

B [none] (Mesh Filter)
Mesh None (Mesh)
B v MeshRenderer
Materials
Lighting

Cast Shadows
Contribute Global |

Probes
Light Probes Blend Probes
Blend Probes
Anchor Override  Mone (Transform)
Additional Settings
Motion Vectors Per Object Motion

Dynamic Ocelusion v

+ Mesh Sample (Secript)

Shader Standard

—r




&% Material @ Albedo (3

=JLr==—
oS AE

Qv
File Edit
Sign in "
‘= Hierarchy
+ -
P SampleScene
) Main Camera

£ Directional Light

) MeshSample

e Project B console
+-
#* Favorites
QL All Materials
\ All Models

Q. All Prefabs

[ Assets
I Scenes
[@ Packages
Im Code Coverage
I Custom NURIt
Im Editor Coroutines
e JetBrains Rider Editor

# Scene

* Assets

o Game

-

a5

B~ P~

= Persp

© Inspector

+ Mesh Sample (Secript)

Shader Standard

Rendering Mode Opaque
Main Maps
L
OMetallic
othness

Source Metallic Alpha
S Normal Map
S Height Map
@0cclusion

@Detail Mask

Secondary Maps

©Detail Albedo x2

O Normal Map 1

A1
t X 0

UV Set uvo
Forward Rendering Options
S ular Highlights +

'

Advanced Options
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1

1

Instance (Mesh Filter)

Instance

v Mesh Renderer

M Proj & Consol = S
+ - Q ) | I Blend f
% Favorit 3t S I Bl :
L All
All M
. All Pre

ﬂ v Mesh Sample
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SN
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Z(FITERC EICEHET D

c HEESNTULWBERTIITIORF Vv EEEHBE NS
c FTOXFVvREDOEHIZ0<u,v <1 (FHFEESEUFTITXFvHMED

ylk

(0,1,0)|@

(0,

@%

(1,0,0)

(O 1) (1 1)

‘(0308) ‘(0708)
©3 02) (0.7 oa&;!
(O O) (1 0)
T A F 1 ZEfH]

BEUASND)

BEm 77 MJED1—K

By | B Es | AR (B | TORTF R

=5 |, 7 | B |, v | z &S [ )
@(o|o0]oO @[o0]|0]|-1 ©@| 0.3 0.2
@fl1]0]o0 @Dlo|o0]|-1 @[ 0.7 0.2
@lof1]o0 @lo0]0]|-1 @1 03 0.8
@(1]1]0 @lo]0]|-1 ®@| 07 0.8
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T AT v BIR7Z 8N T DBECHI = =
EES)

VectorZ[] myUVs = new Vector2[nVertices];
CDIZBEDT I ATF 7 BIZ(E 2 Rt

Start()

nVertices = (stacks + 1) * (slices + 1);

myVertices = Vector3[nVertices];

myNormals = Vector3[nVertices];

Vector2[] myUVs = Vector2[nVertices];

for ( j = 0; j <= stacks; ++j)

)j / stacks;

yj = y0 + height * v;

poO = j * (slices + 1);



7D AT RIS Z it (CFED N E| LTz L S D2 NS

for ( i =0; i <= slices; ++1i)
{
A
v u= ( )i / slices;
1 Xi = x0 + width * u;
pi = p@ + i;
0.75
myVertices[pi].Set(xi, yj, 0);
myNormals[pi] = Vector3.back;
0.5
myUVs[pi].Set(u, v);
}
0.25
>
0 0.2 0.4 0.6 0.8 1 u
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]-,\,m ~NUJ tj__ ~ Mesh myMesh = Mesh();
fiIi& (myVertices)
5&#R (myNormals)
/7 X T+ BAE e (myUVs) myMesh.SetNormals (myNormals);

R&DIZT D X F v FEAZ myUVs %z SR SERE(E, A

myMesh (CEXTET D
myMesh.SetUVs(0, myUVs);

myMesh.SetVertices(myVertices);

myMesh.SetTriangles(myTriangles, 0);

MeshFilter meshFilter = GetComponent<MeshFilter>();

meshFilter.mesh = myMesh;
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Default

(2]

Instance (Mesh Filter)

Instance

v Mesh Rendere
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Default

(2]

Instance (Mesh Filter)

Instance

v Mesh Rendere
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O|ER A7 5N TE 9 DEZZ public X>//\

EUTEMT D

[Range(0, 360)] public float angle = 30f;
A D ANRTINSEZEKTE CED
Range BHZ(IITDERXSTAHICIRD

v Mesh Sample (Script)

Angle &

System.Collections;
System.Collections.Generic;
UnityEngine;

MeshSample : MonoBehaviour

slices 100;
stacks 30;
X0 = -5f;
yo = -1f;
width = 1of;
height = 6f;

[Range(0, 360)] angle = 30f;

Vector3[] myVertices;
Vector3[] myNormals;

Start()

nVertices = (stacks + 1) * (slices + 1);



o|ER (DA INED D

%}E%}ETE&LE L/t L \51&%6\ 3:5 §7 myVertices = Vector3[nVertices];
~(CIEY

float theta = angle * Mathf.Deg2Rad;
o $ﬁ@’§‘}@7& ?&)5 Vector2[] myUVs = Vector2[nVertices];
float cosTheta = Mathf.Cos(theta); theta = angle * Mathf.Deg2Rad;

float sinTheta = Mathf.Sin(theta); soeTliEts & LEthe. Coe (et
sinTheta Mathf.Sin(theta);

myNormals = Vector3[nVertices];

for ( j = 0; j <= stacks; ++j)

)j / stacks;

yj = y0 + height * v;

poO = j * (slices + 1);
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T ORXAF v PR (CEEOE R Z R D D
X\ _ (cosf —sinf) u
(y) B (sinQ cos 6 )(v)
float x = cosTheta * u — sinTheta * v;
float y = sinTheta * u + cosTheta * v;

g UTC T DA F 7V BIRZRIE T D
myUVs[pi].Set(x, y);

for ( i =0; i <= slices; ++1i)

)i / slices;

Xxi = x0 + width * u;

pi = p@ + i;

myVertices[pi].Set(xi, yj, 0);
myNormals[pi] = Vector3.back;

X cosTheta * u - sinTheta * v;
y = sinTheta * u + cosTheta * v;

myUVs[pi].Set(x, y);
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() MeshSample - SampleScene - Windows, Mac, Linux - Unity 2021.3.16f1 Personal* <DX11>
File Edit Assets GameObject Component Window Help

Transform

1

Instance (Mesh Filter)

Instance

v Mesh Renderer

n v Mesh Sample (Script)

M Proj
+ -
% Favorit
L All
All M
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FTORXF v DOFIOLHIRERICIRD LD
ITRE L CH S LErDERZER D D
X e
5)= (e oo MG - @+ (o)
floats = u — 0.5f;

floatt = v — 0.5f;
float x = cosTheta * s — sinTheta * t;

floaty = sinTheta * s + cosTheta * {;

0|8 U J2 5D AT v EER ZZ e D& (C
RUTEET D
myUVs[pi].Set(x + 0.5f, y + 0.5f);

OERDFIDNRFRIRD KD TRE U THSEERT S

for ( i =0; i <= slices; ++1i)

)i / slices;

Xxi = x0 + width * u;

pi = p@ + i;

myVertices[pi].Set(xi, yj, 0);
myNormals[pi] = Vector3.back;

S
t

X = cosTheta * s - sinTheta * t;
y = sinTheta * s + cosTheta * t;

myUVs[pi].Set(x + ©.5f, y + 0.5F);
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File Edit Assets GameObject Component Window Help

Instance (Mesh Filter)
Instance
2sh Renderer

Mater

Lighting

h Sample (Script)

mponent




Nrcx (5> ClolEr 9 B

o]ERDFLDEZ Vector2 BIDZER [Range(@, 360)] angle = 30f;
CHELTH< Vel ey
Vector2 ¢ = new Vector2(0.5f, 0.5f);

Start()

nVertices = (stacks + 1) * (slices + 1);

myVertices = Vector3[nVertices];

myNormals = Vector3[nVertices];

Vector2[] myUVs = Vector2[nVertices];

Vector2 c = Vector2(0.5f, 0.5f);

for ( j = 0; j <= stacks; ++j)

{




0DV RERICUTBER S D

T AF+7 FEEZE (u, v) Z Vector2 B(C o G 5 = B & 65 Sligen]
L/T $E0)E:IILJ\ C b\}%/n\(Lj—d\5(J:5:i )i / slices;
B IERS
Xxi = x0 + width * u;
Vector2 uv = new Vector2(u, v) — c
Uo7 D T X F v R 7z [olER o
myVertices[pi].Set(xi, yj, 0);
EES
myNormals[pi] = Vector3.back;
Vector2 xy
= Quaternion.Euler(0, 0, angle) * uv; Vector2 uv = new Vector2(u, v) - ¢;

Quaternion.Euler(x, y, z)
X, y, z. ZEOORERE (BEA(TE)

ook Xz Z TTDMB (CHFTIREN T D
myUVs|[pi] = xy + c;

Vector2 xy = Quaternion.Euler(@, 0, angle) * uv;

myUVs[pi] = xy + c;
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BREHI (1) ¢ & myUVs ZA )\ EEICT B

SERDHIL ¢ EFDRAF v R e coliections,
myUVs DEEZX Start() DINCHUT UnityEngine;
>( /} \W\yy(L_ L/ ~ a_ MeshSample : MonoBehaviour

slices 100;
stacks 30;
X0 = -5f;
yo = -1f;
width = 1of;
height = 6f;

[Range(0, 360)] angle = 30f;

Vector2 c = Vector2(0.5f, 0.5f);

Vector3[] myVertices;
]

Vector3[] myNormals;
Vector2[] myUVs;

Start()

nVertices = (stacks + 1) * (slices + 1);



DMWJ (2) TDZ/

7 BRAR

T AF 7 PAARDECH) Z R U T A
J\ZEZLE myUVs W& UET

DB ERKT D

myVertices = Vector3[nVertices];

myNormals = Vector3[nVertices];
myUVs = Vector2[nVertices];
for ( j = 0; j <= stacks; ++j)
{
v = ( )j / stacks;

yj = y0 + height * v;

poO = j * (slices + 1);

for ( i=0; i <= slices; ++1i)

)i / slices;



SN (3) BEERDT I A3

TCDT I AF 7 EIE myUVs Z[o
=¥

J2EDZIENT DECY) =

IR,

K9

7 BEARODASNST T2 FHR 9 D

Update()

t = Time.time;

s = t * 20f;

Vector3[] vertices = Vector3[myVertices.Length];

Vector2[] uvs = Vector2[myVertices.Length];
for ( i =0; i < myVertices.Length; ++i)

{

IS=
Mathf.Sin(s + myVertices[i].magnitude * 2f);

vertices[i] = myVertices[i] + myNormals[i] * r;




BREH (4) TORF v BB D

T AF 7 FEAAZ myUVs Z [BlERDHL
CZERETRBRDICFITHREUZXT

Vector2 uv = myUVsJi] — c;

Nz EEBICEIET DIE (FIX
(j: S) j&/ AAN@E $.EL/CE3_

Vector2 xy = Quaternion.Euler(0, 0, s) * uv;
faoe e JTDNME (CFETREILE T

uvs[i] = xy + c;
BITUICT ORF Vv EIZEZE AW 1 (C
sNEUET

myMesh.SetUVs(0, uvs);

HLUCAYS A ZEHFHITD

Vector2 uv = myUVs[i] - c;
Vector2 xy = Quaternion.Euler(0, 0, s) * uv;

uvs[i] = xy + c;

}

Mesh myMesh = GetComponent<MeshFilter>().mesh;

myMesh.SetVertices(vertices);

myMesh.SetUVs (@, uvs);

myMesh.RecalculateNormals();
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Standard Surface Shader



void Update()
{

float t Time.time;

float s t * 20f;

Vector3[] vertices = new Vector3[myVertices.Length];

= : : Mesh myMesh = GetComponent<MeshFilter>().mesh;

myMesh.SetVertices(vertices);
for (int i = @; i < myVertices.Length; ++i)

MN—/7"7 F I Gl
{ [/ Mesh B> AR

— myMesh.SetUVs(©, uvs);

myMesh.RecalculateNormals();
float r =
Mathf.Sin(s + myVertices[i].magnitude * 2f);

vertices[i] = myVertices[i] + myNormals[i] * r;
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= Hierarchy 2 i  # Scene  @®Game
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P SampleScene H
L'IJ Main Camera

ctional Light ‘w

[ MeshSample

Im Froject B Console
-+ -
* Favorites
Q, All Materials
G, Al Models
O, All Prefabs

[ Assets
Im Scenes
[@ Packages
e Code Coverage

S| Assets/MeshSampleSurface.shader

Tl MeshSampIeS.l'J.rface c L;'C(A%

AssetBundle None

9D

0 Inspector
¢ v & mv Qv PN Cus
S
Open

Override preprocesso Use Project Settings
Default Maps

-

edo (RGB)

MNonModifiable Maps

Imported Object

Show generated code
no

Compile and show code

Keywords

Properties

* Mone =
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@ Meshs ample - S5ampleScene - Windows, Mac, Linux - Unity 2021.3.16f1 Education <DX11>
File Edit Assets GameObject Component Window Help
KT & @
= Hierarchy 2 i  # Scene  @®Game
T & & E @
P SampleScene H
L'IJ Main Camera

ctional Light ‘w

[ MeshSample

Open

Override preprocesso Use Project Settings =
Default Maps
edo (RGB)

MNonModifiable Maps
Imported Object

Show generated code

i Compile and show code
Im Froject B console j I Cast shadows
+' & s )I/C J\J C LJ CFﬁﬁ< ender gueue
* Favorites + Assets
Q, All Materials

Q, All Models 9
Q, All Prefabs . ‘ m S Jisable bate
Keywords
[ Assets e b
I Scenes Scanas Campus M A . MashSamp. MeashSamp...
[@ Packages olo
Im Code Coverage _MainTex

Properties

Asset Labels

» [8) Assets/MeshSampleSurface shader AssetBundle None




> T —HACAEAZITED uniform 228 Theta ZBI19 D

SubShader T Theta &U\YD uniform

TRFE —1— Color ("Color", Color) = (1,1,1,1)
iy&ggaa—% MainTex ("Albedo (RGB)", 2D) = "white" {}
float _Theta;

Glossiness ("Smoothness", Range(0,1)) = 0.5
Metallic ("Metallic", Range(0,1)) = 0.0

uniform Z#( C# DT 0O S/ (CPU )

MNo>1T— 9(;1_57&/}#3_@(;}5@(/\5

Theta ("Theta”, Range(®,6.2831853)) = 0.0
1 [B]D¥HIE (Draw Call) DEIFZEL L7IRLY camplerad HainTex:
Properties T uniform Z#{(C 70O\ Tnput

{

T A ZENTE I NULA ARSI SE y o [T
HRHETCETDLDOICIRD ’

_Glossiness;
_Metallic;
_Color;
_Theta;
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Theta DIEX EFRRZERSOTH <

surf (Input IN, SurfaceOutputStandard o)

cosTheta = cos(_Theta);

float cosTheta = cos(_Theta);
float sinTheta = sin(_Theta); S

v = IN.uv_MainTex.y;

;OXH:VEZ\;%O) U,V Eﬁﬁ%__’_HY'O Hja_ X = cosTheta * u - sinTheta * v;

y = sinTheta * u + cosTheta * v;

— - . —
7019:_\7@ ’%(j: IN'UV—MaInTeX ((’ljt c = tex2D (_MainTex, (x, y)) * _Color;

(,\5 o.Albedo = c.rgb;

— : . 0.Metallic = Metallic;
ﬂoat X = IN'UV_MaInTeX'X’ o.Smoothness = _Glossiness;
o.Alpha = c.a;

float y = IN.uv_MainTex.y; }
DR URTORAF v RIZZ([EER T D T

}

float u = cosTheta * x —sinTheta * v;
float v = sinTheta * x + cosTheta * y;
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Sign in "
= Hierarchy i # Scene o Game

+v o <Lk
P SampleScene :
) Main Camera
£ Directional Light
) MeshSample

e Project B console
+ -
* Favorites & fesats
Q, All Materials
Q, All Models

Q. All Prefabs

[ Assets
I Scenes
[@ Packages
Im Code Coverage
I Custom NURIt
Im Editor Coroutines
e JetBrains Rider Editor
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© Inspector
['Jﬂ v MeshSample Static ~
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ag Untagged v Layer Default v
Transform
X 0
X 0
< Persp @ K
Bl [none] (MeshFilter)
Mesh None (Mesh)
B v MeshRenderer
Materials
Lighting
Probes

Additional Settings

+ Mesh Sample (Script)

esh Sample (Material) [ > Rl
Shadery, Custom/MeshSamplel = Edit..

Add Compenent
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File Edit Assets GameObject Component Window Help
Sign in "

= Hierarchy
+ -
P SampleScene

Main Camera

directional Light

) MeshSample

e Project B console
+-
#* Favorites
Q, All Materials
O, All Models

O, All Prefabs

[ Assets
I Scenes
[@ Packages
Im Code Coverage
stam NURt
Coroutines

# Scene

@ Game

o

© Inspector
g v B v G~ [lﬂ v MeshSample Static
v ag Untagged - Layer Default

Transform L

B [none] (Mesh Filter)
Mesh MNone (Mesh)
B v MeshRenderer

Materials

Lighting

Probes

Additional Settings

+ Mesh Sample (Script)

sh Sample (Material) [ 7 Rl
Shader Custom/MeshSamph=  Edit.

¥
A

S

A ANRDTASD Material
DO/« (C  Theta
MENE=NTULS

Fram Chadar
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Default
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Instance (Mesh Filter)
Instance
2sh Renderer

Mater

Lighting

h Sample (Script)
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T O AF v EEZRDEER (CITAIZ AHWD

M=o cost )

float2x2 m = float2x2( cosTheta, —sinTheta,
sinTheta, cosTheta);

70 AF v AR (C[BERDI T MNT D

Cy = Mtuv_M ainTex

float2 uv = mul(m, IN.uv_MainTex);

olar U e T O RATF Vv RIEZE TCTT IO ATF v
HH> TS 3

fixed4 c = tex2D (_MainTex, uv) * _Color;

Nl

surf (Input IN, SurfaceOutputStandard o)

cosTheta cos(_Theta);
sinTheta sin(_Theta);
m = (cosTheta, -sinTheta,
sinTheta, cosTheta);
uv = mul(m, IN.uv_MainTex);

c = tex2D (_MainTex, uv) * _Color;
o.Albedo = c.rgb;

o0.Metallic = Metallic;
o.Smoothness = _Glossiness;
o.Alpha = c.a;

}

}
FallBack "Diffuse"



FOXF v OHFVaFMC UTCEER T B

FOAF v DFIMIE ¢ NRERICIRD
3:57_—0X9:-\7}_ m%_:\ /,f—_l_-'*gib LClo surf (Input IN,

cosTheta = cos(_Theta);

$£0)'Ifj_-§lj%b\(/j—tb\ @4&%(:}?? sinTheta = sin(_Theta);
(cosTheta, -sinTheta,

m =

C = (05) sinTheta, cosTheta);
0.5 uv = mul(m, IN.uv_MainTex - ©.5) + 0.5;

tw = M(tuv_MainTex

SurfaceOutputStandard o)

_ C) +C c = tex2D (_MainTex, uv) * _Color;
o.Albedo = c.rgb;

float2 uv ! o°
. 0.Metallic = Metallic;
= mU|(m IN. uv_ MainTex — 0. 5) + 0.5; 0.Smoothness = _Glossiness;

~> —4 (HLSL) TIEART MLEZ S y e
S—DEEFANS—HEART NUCE
’E}ﬁ’ab‘ciﬁéﬂé
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File Edit Assets GameObject Component Window Help

Sign in "

= Hierarchy i # Scene o Game i O Inspector
+v o T - : S @B By D 5
P SampleScene H I

+ MeshSample Static
v

7 Main Camera ag Untagged ~ Layer Default

£ Directional Light

) MeshSample

Transform L
X 0
X 0
< Persp @ K
Bl [none] (MeshFilter)
Mesh None (Mesh)
B v MeshRenderer
Materials
Lighting
Probes
Additional Settings
+ Mesh Sample (Script)
e Project B console

- O T

QL All Materials
L All Models

O, All Prefabs

[ Assets = = ) . = [F ‘1

Shader Custom/MeshSamph=  Edit.

I Scenes
[@ Packages
Im Code Coverage
stam NURit
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uniform Z%#% Theta (CEZEREIT D

G—ALATZ 10 SH5 Material ZHR Update()
ski=c)

. . Vector3[] vertices = Vector3[myVertices.Length];
Material myMaterial
= GetComponent<Renderer>().material; t = Time.time;
Material (CHEFAHAATZS T —5 D
unlform yﬂ Theta (L1E%U 3_5 Mesh myMesh = GetComponent<MeshFilter>().mesh;

myMaterial.SetFloat("_Theta", t);

myMesh.SetVertices(vertices);

myMesh.RecalculateNormals();

Material myMaterial = GetComponent<Renderer>().material;

myMaterial.SetFloat(" Theta", t);




IN—=FTw TR

Surface = 1T —%4 (surf) (JIBIE_EDIE
R E(CEITEND

CH ROUT MEBRRICTERC &EICT

I A F+7 PRIE (DR % [O $E§_5(L_(i

IN\—Fwv IR 1T—4 (vert) ZAHUL\D

IN—=FTVIOR T —HZFERTBICIE
#pragma surface (C vertex:vert ZiBIN9 3

surface surf Standard fullforwardshadows| vertex:vert

#pragma surface

H—-JIT AT -FDEKEDES
surf

surf CFVWSERIOY—J T XS 1 -4 ZFES
Standard

Unity BR#ED> T —FR#FITETILZFED
fullforwardshadows

TADT—RLIAYUITTIRNTDEERITD
vertex:vert

vert CFVWDEZRID/INN—FT VIR T —HFZFES

T—5 TIOR3

v BER IR T B

vert ( appdata_full v)

cosTheta = cos(_Theta);
sinTheta = sin(_Theta);
m = (cosTheta, -sinTheta,
sinTheta, cosTheta);
v.texcoord.xy = mul(m, v.texcoord.xy - ©.5) + 0.5;

surf (Input IN, SurfaceOutputStandard o)

c = tex2D (_MainTex, IN.uv_MainTex) * _Color;
o.Albedo = c.rgb;

o0.Metallic = Metallic;
o0.Smoothness = Glossiness;
o.Alpha = c.a;

}
FallBack "Diffuse"



JN\—FWIRS T —ATIERODNEZZEITD

IN—=F W DR T -4 TILI \,\\\@70
Za:_v}_ /—Rd)(gb\(L:E)'1_L%7—d\C‘:G)]- i vert ( appdata_base v)

{
PRJEDI—MZEIETED b Theta * 2000 + magnitude = 2.0;

v.vertex.xyz += v.normal * sin(t);

floats =t * 20f: cosTheta = cos(_Theta);
’ sinTheta = sin(_Theta);
—_ m = (cosTheta, -sinTheta,
ﬂoat r= sinTheta, cosTheta);
MathfS|n(S + my\/ertices[i]_magnitude * 2f)’ v.texcoord.xy = mul(m, v.texcoord.xy - 0.5) + 0.5;

vertices[i] = myVertices][i] + myNormals]i] *

EIE UTERDAIIEDZE E(J#D/Eﬁ%':
BitE I B (CIHEiE T DIERDIEN
NEB(CIRDWNIN—FYV IR 15T
(IMBDIERDIER ) MU E21— MMIS
B TSR0
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J

Material myMaterial = GetComponent<Renderer>().material

myMaterial.SetFloat(" Theta", t)

Nd
o
HS

FAN
/

B

) .

+ mu\/arntirracl1]
T Illy\l\—l \-J—\_\—JLJ—J .I\/)
maocnitude—%X 2L£) .

QLU= F SR SRS A A=

LT\

)
LILL= ISR B B =) I =y )

5

= Mathf Sinfc)-.

= Mathf Sin(c
||u\_|||.JJ_||\_’

Mathf Sin(

TTOUICTTT o

Ty v CCCT o 1]

Rl

+ mu\/arnticracl 1]

/ /€13t p
float pr
S

float t = Time.time
/[ /Eflnoat

void Update()

[ERONEDZEUIEZHI
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ERRAND ) V72 BT (C3R$D D

KA _EDALE

\
\

ax +by+cz2=0

(a,b,c) s =sin (20t + 2\/x2 + y?% + zz) vert ( appdata_base v)

magnitude = length(v.vertex.xyz);
t = Theta * 20.0 + magnitude * 2.0;
v.vertex.xyz += v.normal * sin(t);
( A ) v.normal = normalize(magnitude * v.normal
a . X —S8a,y—Sb,Z=SC - 2.0 * v.vertex.xyz * cos(t));
’ﬁ&ﬂ_ﬁﬁﬁ g cosTheta = cos(_Theta);
sinTheta sin(_Theta);
m = (cosTheta, -sinTheta,
sinTheta, cosTheta);

(x,y, z_)

flx,y,z) = sin(ZOt +2x2 +y2 + 22) —ax—by—cz=0
Dz kO TREZRET D

( 2% cos(20t+2 x2+y2+zz)\
a N
Vx2+y2+4z2
2y cos|20t+2+/x2+y2+z2
n=-Vf(x,y,z) =| b - ( )
Jx2+y2+2z2
K 27 cos(20t+2 x2+y2+zz)/
C —
VX% +y2+2z2

v.texcoord.xy = mul(m, v.texcoord.xy - ©0.5) + 0.5;
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s &9 (C (& addshadow ZI5TEIT D
- VIR VER

c J\—Fw O T —-ATIERZEFHHMUECENS v ROF v XA — )R ITRERER0N
- EOAITDESIKRAYVS 1DFEF

- #pragma surface (C addshadow Z3iEfI

o surface surf Standard fullforwardshadows vertex:vert addshadow

o addshadow

- 51 MBIODEZTE
- Directional Light ®g2%& B3t
- Soft / Hard Shadows
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]; static double vertex[][3] = {
~oox y Z 0.0, 0.0, 0.0 }, /* vertex[0]«a
al o] o] o o, 06, 1.6 1, /% vertex[2lec
o[ 1] o] o 5T ae ) e vt
c| 1] o] 1 ) 10 10 1, /+ verceuioles
dl ol ol 1 .0, 1.0 }, /* vertex[7]¢h
e| O 1 0

fl 1 1 0

g 1 1 1

h{ O 1 1
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BiRE 2

ZohE Ly | #R G static int edge[][2] = {
BiR | R | R (e, 17}, /* 7 (a-b) */
)7 a b {1, 2}, /* 1 (b-c) */
{2, 3%} /7 (c-d) */
T b c (3,01}, /* I (d-a) */
{oe, 4} /*A (a-e) */
- ¢ d {1, 53}, /* 73 (b-f) */
T d a {2,6%} /*F (cg) */
{ 3) 7 }J /* 0 (d'h) */
A| a ¢ (4,53, /% & (e-f) */
{5, 613} /2 (f-g) */
jj b f {6, 71}, /*'U'(g-h) */
:-F- C g {7)4}: /*:/(h_e) */
77 d h
T| e f
B g h
= NI B — 4




—IRTTECAIDAEURCE
int x[31; int y[41[3]; EBOATUERE
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int B4 4x3 {EmD
AT EEZ R
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  𝐧 = − ∇ f  (  x ,   y ,   z ) =  (     a −   2 x   cos ⁡   (  20 t + 2    x 2 +  y 2 +  z 2 )     x 2 +  y 2 +  z 2   b −   2 y   cos ⁡   (  20 t + 2    x 2 +  y 2 +  z 2 )     x 2 +  y 2 +  z 2   c −   2 z   cos ⁡   (  20 t + 2    x 2 +  y 2 +  z 2 )     x 2 +  y 2 +  z 2 )


   (  a ,   b ,   c )


  a x + b y + c z = 0


   (  x ,   y ,   z )


   (  x − s a ,   y − s b ,   z − s c )


  s


  O


  s =   sin ⁡   (  20 t + 2    x 2 +  y 2 +  z 2 )

