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o D3D - Direct3D
o D3DX — D3D extended utility functions

o Constants and Data types

= D3DYYY

= D3DXYYY

m EFQ Of: typedef: D3DCOLOR, D3DXCOLOR

m Abz= 0f: #define: D3D_OK, D3DXERR_INVALIDDATA
o D3DX C st

= 2} CrOjo] A EXIBH CH2RE AEfE

= 0f: D3DXMatrixInverse

= F9|:D3D gt4= E-G 29|

0{|: Direct3DCreate9
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DirectX Naming Convention

Vector

o D3D C++ interface
= [Direct3DYYY

m 0f: IDirect3DDevice9 - rendering 2#H =l CHEZ9| 2 S
e
o D3DX C++ interface
= ID3DXYYY

= 0]: ID3DXMesh — Mesh objectE& Ct& 4= J T F St= interface
o Interface &t

= Z} CHOjo| A Z XD CH2XtZ A|Zfet

m 0f: IDirect3DDevice9::BeginScene, ID3DXMesh::Optimize

o HE = 37|(magnitude 2 Z0| length)2t

B35k (direction)O| QJULC}

o HlE = THOo| 83k (light source directions), HHO
Hhsk (surface or|entat|ons) =X 7+e| A 2| (relative
distance between objects) SO0|A| AR &1 QILCt.

B firpdiad

46.64 fps (500x375), XBREGEBE (D16)
HAL (pure hw vp): RADEON 9000 SERIES

rotate object
n Axis: 0.00 4




3D Vector

o D3DXVECTOR3 class (d3dx9math.h)
typedef struct _D3DVECTOR {
float x, y, z;
} D3DVECTOR;

typedef struct D3DXVECTORS3: public D3DVECTOR {
public:
D3DXVECTORS3 () ();
D3DXVECTOR3 (CONST FLOAT *);
D3DXVECTOR3 (CONST D3DVECTOR&);
D3DXVECTOR3 (FLOAT x, FLOAT y, FLOAT z);

// casting
operator FLOAT* ();
operator CONST FLOAT* () const;

// assignment operators

D3DXVECTOR3& operator += (CONST D3DXVECTOR3&);
D3DXVECTOR3& operator -= (CONST D3DXVECTOR3&);
D3DXVECTOR3& operator *= (CONST D3DXVECTOR3&);
D3DXVECTOR3& operator /= (CONST D3DXVECTOR3&); 5

3D Vector

// unary operators
D3DXVECTORS3 operator +() const;
D3DXVECTORS3 operator - () const;

// binary operators

D3DXVECTORS3 operator + (CONST D3DXVECTOR3&) const;
D3DXVECTORS3 operator - (CONST D3DXVECTOR3&) const;

D3DXVECTOR3 operator * (FLOAT) const;
D3DXVECTORS3 operator / (FLOAT) const;

friend D3DXVECTOR3 operator * (FLOAT, CONST struct D3DXVECTOR3&);

BOOL operator == (CONST D3DXVECTOR3&) const;
BOOL operator != (CONST D3DXVECTOR3&) const;

} D3DXVECTORS3, *LPD3DXVECTORS3;

3D Vector

o D3DXVECTOR2, D3DXVECTOR4 class (d3dx9math.h)
= D3DXVECTOR30|MQt 22 AHLS0| s LSHA HolE|of JUF
(HE-2 2.

typedef struct D3DVECTOR2 {
FLOAT x;
FLOAT y;

} D3DVECTORZ2;

typedef struct D3DVECTOR4 {
FLOAT x;
FLOAT y;
FLOAT z
FLOAT w;
} D3DVECTOR4;

3D Vector Operations

o HE ol 45 (equal) u ==
D3DXVECTOR u(1.0f, 0.0f, 1.0f);
D3DXVECTOR v(0.0f, 1.0f, 0.0f);
if (u == v) return true; /] & HEHIZ4oH
if (u = v) return true; // &= #EItCI2H

o Floating-point imprecision
const float EPSILON = 0.001f;
bool Equals(float lhs, float rhs)
{

// if Ihs == rhs their difference should be zero
return fabs (Ilhs - rhs) < EPSILON ? true : false;




3D Vector Operations

o HE{ 9| 37| (length) length(v) _
FLOAT D3DXVec3Length(CONST D3DXVECTOR3* pV); HVH
D3DXVECTOR3 v(1.0f, 2.0f, 3.0f);

Float magnitude = D3DXVec3Length(&v); // =sqrt(14)

o HE 9| M3} (normalize) normalize(v)
D3DXVECTOR3* D3DXVec3Normalize(D3DXVECTOR3* pOut,

CONST D3DXVECTOR3* pV); H
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3D Vector Operations

o B E C3}7| (addition) u + v
D3DXVECTOR3 u(2.0f, 0.0f, 1.0f);
D3DXVECTOR3 v(0.0f, -1.0f, 5.0f);

D3DXVECTOR3 sum = u +v; // (2.0+0.0, 0.0-1.0, 1.0+5.0) = (2.0, -1.0, 6.0)

o HIE| B 7| (subtraction) u - v
D3DXVECTOR3 u(2.0f, 0.0f, 1.0f);
D3DXVECTOR3 v(0.0f, -1.0f, 5.0f);

D3DXVECTOR3 diff = u - v; // (2.0-0.0, 0.0+1.0, 1.0-5.0) = (2.0, 1.0, -4.0)

o HlE AZt2l & (scalar multiplication) u * &

D3DXVECTOR3 u(2.0f, 0.0f, -1.0f);
D3DXVECTORS3 scaleVec = u * 10.0f; // (2.0, 0.0, -1.0) *10.0 = (20.0, 0.0, -10.0)
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3D Vector Operations

o ME| L& (dot product) U-V =[d[[¥]cosd = u,v, +u,v, +u.v,

FLOAT D3DXVec3Dot (CONST D3DXVECTOR3* pV1,

CONST D3DXVECTOR3* pV2);
D3DXVECTOR3 u(1.0f, -1.0f, 0.0f);

D3DXVECTOR3 v(3.0f, 2.0f, 1.0f);

float dot = D3DXVec3Dot(&u, &v); // 1.0*3.0 + -1.0*2.0 + 0.0*1.0 = 1.0

O

HlE Q| (cross product)

 2lE IHHAE AESIEE & X HES HE
B UXV=-VXuU)

D3DXVECTOR3* D3DXVec3Cross (D3DXVECTOR3* pOut,

CONST D3DXVECTOR3* pV1,
uxv CONST D3DXVECTOR3* pV2);

uxv=(u Ny

NV, —UV,, UV, —UV

X'z

1

Uy, —u,Vv

y X

)

Rays, Lines, and Line Segments

o&M (ray) :

T

() = po + tu where p, is the origin of the ray, t& [0, o)
u is a vector specifying the direction of the ray

o (line): p(d = py + tu where t € [-00, )

o M& (line segment) :

() = po + uwhere u = p; — py t €[0, 1]

+} ‘50 ":3@?
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Matrix

O ChEih 20| A HEl2 #7(0h =Xt HiE S
(r x ¢ matrix) 2t stC}
= 722 H{EE HEZS Y (row)
= 22 HEE dE S B (column)
m Mij= &2t Ejof s A (element)

Mg My M3
M= My, My M3 } n3) rows
M3 L) M3

a3) columns
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D3DX Matrix

o D3DX Matrix

= Direct3DY| A= 4x4 HE (matrix)df 1x4 Bl (vecton)&
ArEotrt.

m V' = Vi Tay (NOt Ty Vay)

o D3DMatrix

m _ij: ie F(row) numberO| 1 j= E(column) numberO|L}.

typedef struct _D3DMATRIX {
union {
struct {
float _11, _12, _13, _14;
float _21, _22, 23, _24;
float _31, 32, _33, _34;
float _41, _42, _43, _44;
I
loat m[4][4];
%
} D3DMATRIX; 14

D3DX Matrix Operations

0 D3DXMATRIX

typedef struct D3DXMATRIX: public D3DMATRIX {
public:

D3DXMATRIX() {};

D3DXMATRIX(CONST FLOAT*);

D3DXMATRIX(CONST D3DMATRIX&);

D3DXMATRIX(FLOAT _11, FLOAT _12, FLOAT _13, FLOAT _14,
FLOAT _21, FLOAT _22, FLOAT _23, FLOAT _24,
FLOAT _31, FLOAT _32, FLOAT _33, FLOAT _34,
FLOAT _41, FLOAT _42, FLOAT _43, FLOAT _44);

// access grants
FLOAT& operator () (UNIT Row, UNIT Col);
FLOAT operator () (UNIT Row, UNIT Col) const;

// casting
operator FLOAT*();
operator CONST FLOAT* () const;
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D3DX Matrix Operations

// assignment operators

D3DXMATRIX& operator *= (CONST D3DXMATRIX&);
D3DXMATRIX& operator += (CONST D3DXMATRIX&);
D3DXMATRIX& operator -= (CONST D3DXMATRIX&);
D3DXMATRIX& operator *= (FLOAT);

D3DXMATRIX& operator /= (FLOAT);

// unary operators
D3DXMATRIX operator + () const;
D3DXMATRIX operator - () const;

// binary operators

D3DXMATRIX operator * (CONST D3DXMATRIX&) const;
D3DXMATRIX operator + (CONST D3DXMATRIX&) const;
D3DXMATRIX operator - (CONST D3DXMATRIX&) const;
D3DXMATRIX operator * (FLOAT) const;

D3DXMATRIX operator / (FLOAT) const;

16




D3DX Matrix Operations

Matrix Operations

friend D3DXMATRIX operator * (FLOAT, CONST D3DXMATRIX&);

BOOL operator == (CONST D3DXMATRIX&) const;
BOOL operator != (CONST D3DXMATRIX&) const;

} D3DXMATRIX, *LPD3DXMATRIX;
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o HAHO| AHAL (arithmetic) ==, +, -, *, /
D3DXMATRIX A(...); J/ Aol 7|3}
D3DXMATRIX B(....); // B =73}

D3DXMATRIX C = A * B;// C = AB

-_

o ol =0 M2 3 AMUXE AHESHCL.
D3DXMATRIX M;
M(©, 0) = 50f // 11 = 5.0f

o CHRIM & (identity matrix) D3DXMatrixldentity |
D3DXMATRIX* D3DXMatrixidentity(D3DXMATRIX* pOut);
D3DXMATRIX M;

D3DXMatrixIdentity(&M); // identity matrix
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Matrix Operations

Transformation

o MX|SHE (transpose) D3DXMatrixTranspose M '
D3DXMATRIX* D3DXMatrixTranspose(D3DXMATRIX* pOut,
CONST D3DXMATRIX* pM);
D3DXMATRIX A(....); // A xE7|3
D3DXMATRIX B;
D3DXMatrixTranspose(&B, &A); // B = transpose(A)

o 9 &E (inverse) D3DXMatrixinverse M
D3DXMATRIX* D3DXMatrixInverse(D3DXMATRIX* pOut,
FLOAT* pDeterminant,
CONST D3DXMATRIX* pM);
D3DXMATRIX A(....); // A X£7|3}
D3DXMATRIX B;
D3DXMatrixInverse(&B, 0, &A); // B = inverse(A)
// pDeterminant= Z Q3 420 0| %|H
// AKX %o NULLE MEstCt.

LS
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o 7|stEH=EE (geometric transformation)O| 2F
HE(points)S oHR0M CHE X2 = FAF= SFE
o[ tLt.

o 2D transformation
= O| = Bi=} (Translation), T
m 3| ™ B3t (Rotation), R
m 37|H%} (Scale), S

— /

20




Transformation

Transformation

O Direct3DO| M= B2tS HSSH7| I8l 4x4 0 1x4

HEIE A&t
mv=(26-31
» T=x-=2R 10-tt¢| O|=
"V =vT=(126-31)

M,

i

1
[x'y'zll]=[x ¥z l] ﬁm

b3
w
=

b

4

[
o

EEXE

4

EEEK
EEEE

M-ﬂ 2 3 4

x o=l Myl +lyx M +izx M+ 1% M,
o=l M+ (e My + 2% M |+ 112 M,

z =l M+l Myl +lzx Ml +1x M)

o Non-homogeneous/Homogeneous coordinates
convert
B (XY 2> XYzl
= (X/W, y/w, z/w) € (X, Y, Z, W)
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Translation

Rotation

o O|=d & (Translation) D3DXMatrixTranslation
= No translation when w=0
= Tp)=T(-p)

D3DXMATRIX* D3DXMatrixTranslation(D3DXMATRIX* pOut,

FLOAT px,

FLOAT py,

FLOAT pz);
1 0 00

y y
01 00 ol
T:

0 0 1 0
px py pz 1

o 3| ™33 (Rotation) D3DXMatrixRotationX/Y/Z
= R1(p)=RT(p)
= angle2 radianZt 2 942 A

D3DXMATRIX* D3DXMatrixRotationX(D3DXMATRIX* pOut, FLOAT angle);
D3DXMATRIX* D3DXMatrixRotationY(D3DXMATRIX* pOut, FLOAT angle);
D3DXMATRIX* D3DXMatrixRotationZ(D3DXMATRIX* pOut, FLOAT angle);

24




3D Rotation Matrix

Rotation

1 0 o0 0 o 3|™M& A (Rotation) D3DXMatrixRotationAxis
O COSH S|n6 0 an |e% rad'anjl'gi |_—é'_|2 A
RO)= 0 —sin@ cos® 0 y " o -7
0 0 0 1 D3DXMATRIX* D3DXMatrixRotationAxis(D3DXMATRIX* pOut,
: : Axds of Rotation CONST D3DXVECTOR3* pV,
cosd 0 —sind 0 i‘,’;}ffﬁ‘;ﬁfn \ FLOAT angle);
0 1 0 O X f
RO sino 0 cow 0 Ik
0 0 0 1 y 2 ; :
L a cosg+x"(1-cos)  xy(l-cost)+zsin@ xz(l-cosd)—a,sind 0
[cos® sing 0 O] R = xy(l—cos)—zsin@ cosf+y’(l-cost) yz(l-cosd)+xsind 0
—sin@ cos® 0 0 xz(1-cosd)+ysingd yz(l-cosd)-xsingd  cosd+z*(l-cosd) O
RZ (H) = 0 0 10 T Frvot Jomt 0 0 0 1
X
0 0 01
- - 25 26
Scaling Inverse Transformation Matrix

o A7|HYPME (Scaling) D3DXMatrixScaling
m SI(sx, sy, sz2)=S(1/sx, 1/sy, 1/sz)
D3DXMATRIX* D3DXMatrixScaling(D3DXMATRIX* pOut,

FLOAT sx,
FLOAT sy,
FLOAT sz);
sx 0 0O y 37| y
S 0 sy 00
10 0 sz 0
0 0 01
X
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Tp) =11 0 0 0 Ry10) =1 0 0 0
0 1 0 0 0 cos® -sin® 0
0 0 1 0 0 sind cos® O
px -py -pz 1 0 0 0 1
Ry1(®) = cosd 0 sin® O
Sls) =1{1/sx O 0 0 0 1 0 0
0 1/sy 0 0 -sin® 0 cos® 0
0 0 1/sz 0 0 0 0 1
0 0 0 1
R,10) =(cos6 -sin6 0 O
sin®  cos6 0 0
0 0 1 0
0 0 0 1
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Composing Transformation

£0f #iH p=[5 0,0, 1]
Sl

ZO2 10|, y-Z2 2 20HR|, z- 52 =
S(1/5, 1/5, 1/5) R(PI/4) T(1,2,-3)
[

p DEx021/537|2
dot 2, y-5o=2 1T/4E'fEL 2| A7 CHS, x-

-3EREE Ol

Transformation

o D3DXVec3Transform HIE| pVE & pMZE H2t
D3DXVECTOR4* WINAPI D3DXVec3Transform(
D3DXVECTOR4* pOut,
CONST D3DXVECTOR3* pV,
CONST D3DXMATRIX* pM);

=

HHO| M HIE nO| Bt ZIO|2}H, nep + A2

- 1.707, 2, -3707, 1] o D3DXVec3TransformCoord #lE pVE @& pMZ Hzl
PQ = = dlEo] LTy A0| 12 ol4
% 0 0 O0f707 0 -707 O0Yy1 0O 0 O D3DXVECTOR3* WINAPI D3DXVec3TransformCoord(
D3DXVECTOR3* pOut,
SRT= 0 %3 0 00 1 0 0jo. 1.0 0 CONST D3DXVECTOR3* pV,
0 0 }é o|-707 0 707 0j0 0O 1 O CONST D3DXMATRIX* pM);
o o o 1L0 0 0 1p1 2 -3 1 o D3DXVec3TransformNormal HIE{ pVE & pMZ 2t
= HEHO| HHK H&20| 022 QI4A]
Jd1414 0 -.1414 O D3DXVECTOR3* WINAPI D3DXVec3TransformNormal(
0 1 0 0 D3DXMATRIX* pOut,
= -Q CONST D3DXVECTOR3* pV,
1414 0 1414 0 . CONST D3DXMATRIX* pM); "
1 2 -3 1
Plane Plane
0 HHE SLto| M HIE (normal vector) ndf BH Afo| o D3DXPLANE
7~ o 3E typedef struct D3DXPLANE({
= Po = HE ‘—H:l- n=(a b q) p= [n, d] #ifdef __cplusplus
ax + by +cz+d=0 (ab,c) public:
D3DXPLANE() {}
nep + d = \ D3DXPLANE(CONST FLOAT*);
/ ¥ D3DXPLANE(CONST D3DFLOAT16*);
d = -nep (B-5,) D3DXPLANE(FLOAT a, FLOAT b, FLOAT ¢, FLOAT d);
— o " ::‘—'}'
o @M o H pO“ CHSH, ne (p - po) =0 i / // casting
N n7t T o] 7} 1 4 operator FLOAT*();
S pJ_I‘ Dd (n’ d) | © '_I- |-7:" o o operator CONST FLOAT* () const;
= 2% nep + d = 02, p= EHO| RACt
OF e = FxE ol // assignment operators
= 2% nep + d > 02t pi= BHO| BFZZO| LY. D3DXPLANE& operator *= (FLOAT);
m 0t nep + d < 02}H, p= WHO| OFZ0f QICH D3DXPLANE& operator /= (FLOAT);
opok
— 1
H

shortest signed distance)E @2 = QUC

HOAM H p7tX|Q] £S5 JtE JHE B2 72| (the

: d =s-nep

// unary operators
D3DXPLANE operator + () const;

D3DXPLANE operator - () const;
32




Plane

Relationship between Point and Plane

// binary operators
D3DXPLANE operator * (FLOAT) const;
D3DXPLANE operator / (FLOAT) const;

friend D3DXPLANE operator * (FLOAT, CONST D3DXPLANE&Y);

BOOL operator == (CONST D3DXPLANE&) const;
BOOL operator != (CONST D3DXPLANE&) const;
#endif  // __cplusplus
FLOAT a, b, ¢, d;
} D3DXPLANE, *LPD3DXPLANE;

33

od

0o

=

ot BH (n, d)o| St A
w BF9f nep + d = 02tH, p= HHO| AUCH
= BHOF nep + d > 02}E, p= BRIO| BIZZOf QUC.
= BH%F nep + d < 03HE, pi= BOI9| Q| QUct,
o D3DXPlaneDotCoord
= HO(a b ¢ d)Q B (x, y, 20 M a*x + b*y + ¢*z + d*1& &L}
D3DXPLANE p(0.0, 1.0, 0.0, 0.0);
D3DXVECTOR3 v(3.0, 5.0, 2.0);
float x = D3DXPlaneDotCoord(&p, &v);
if (x approximately equals 0.0) // TTAto|| QICt
if (x> 0)// 8™ 5tof ALCE
if (x < 0)// BH otof ACH

[m]

- Approximately equal
const float EPSILON = 0.001f;
boolean Equals (float lhs, float rhs) { return fabs(lhs — rhs) < EPSILON ? true : false;}

Relationship between Point and Plane

Plane Construction

o D3DXPlaneDot
= HO(@ b, ¢ d)Qt HEH (x,y, Z WOA a*x + b*y + ¢*z + d*wS
=Lk
FLOAT D3DXPlaneDot(CONST D3DXPLANE* pP,
CONST D3DXVECTOR4* pV);

o D3DXPlaneDotCoord

s HH(@, b, ¢ d)QF HE (x y, 2)0|M a*x + b*y + c*z + d*12 FL}.

FLOAT D3DXPlaneDotCoord(CONST D3DXPLANE* pP,
CONST D3DXVECTOR3* pV);

o D3DXPlaneDotNormal

m HH(a b, ¢ d)2F BIE (x, y, 2)0|M a*x + b*y + c*z + d*02 &L}

FLOAT D3DXPlaneDotNormal(CONST D3DXPLANE* pP,
CONST D3DXVECTOR3* pV);
35

o YHMHBIE (normal) ndt 72| (signed distance) d
= D3DXPLANE p(a, b, ¢, d)

o @HHE (normal) nit BH 20| ok H p,
m d = -nep,
D3DXPLANE* D3DXPlaneFromPointNormal(D3DXPLANE* pOut,
CONST D3DXVECTOR3* pPoint,
CONST D3DXVECTOR3* pNormal);

o EH A2 M 7Hel F Py, P1, P2

®U=PpP;-PeV=Py-Po;N=Uxyds=-nep,
D3DXPLANE* D3DXPlaneFromPoints(D3DXPLANE* pOut,
CONST D3DXVECTOR3* pV1,
CONST D3DXVECTOR3* pV2,
CONST D3DXVECTOR3* pV3);
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Plane Normalization

o BHO| M3} (normalization)
= ZHo Y HE (normal)E Zst
[=1

= B HEO| ZO|7} &= dof dES F7| WZ0, d= HA|

=t

1 n d
= (n,d)=| —,—
In] ]}

D3DXPLANE* D3DXPlaneNormalize(D3DXPLANE* pOut,

CONST D3DXPLANE* pP);

37

Plane Transformation

o HRes
= FretE O v=(n, d)2tH O] HHZS Het AH T= Hatol
FHZ v(ThHTo|Ct.
D3DXPLANE* D3DXPlaneTransform(D3DXPLANE* pOut,
D3DXPLANE* pP,

CONST D3DXMATRIX* pM);

D3DXMATRIX T(...); // Bzt ™ X735}

D3DXMATRIX inverseOfT;

D3DXMATRIX inverseTransposeOfT;
D3DXMatrixInverse(&inverseOfT, 0, &T);
D3DXMatrixTranspose(&inverseTransposeOfT, &inverseOfT);
D3DXPLANE p(...); // WHO| X7|5}
D3DXPlaneNormalize(&p, &p); /] B3t
D3DXPlaneTransform(&p, &p, &inverseTransposeOfT);
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Plane Transformation

o e oK

D3DXPLANE planeNew;
D3DXPLANE plane(0, 1, 1, 0);
D3DXPlaneNormalize(&plane, &plane);

D3DXMATRIX matrix;

D3DXMatrixScaling(&matrix, 1.0, 2.0, 3.0);
D3DXMatrixInverse(&matrix, 0, &matrix);
D3DXMatrixTranspose(&matrix, &matrix);

// Transform to a new plane = (0, 0.343, 0.235, 0)
D3DXPlaneTransform(&planeNew, &plane, &matrix);
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Computing a Distance from Point to
Plane

o
ddt 7t& 7Pt A2l E Fotet
m n2 HHO| #HM HIE (normal vector)0|1, D= HHO| ot H

pet H qotel Az

q (XoYoiZo)
D=Fr | i [fa'b'%

_ la(x, —X) +b(y, — y) +c(z, - 2) Jp *y,2)
va?+b? +c?
_ax, +by, +cz, +d

va?+b?+c?

w-n|

Inf

Projectingwonton:w, = n#&"‘”ﬂ || -




Closest Point on the Plane Intersection of Ray and Plane

o&M (ray) p() = p, + tu & BH (plane) pen + d = 0 p,

0 S0 3tLtel F & 7HA| 2 U3, F qOllA 7+ 7hikE
HH (n, d)&fo| E pE Fotet o ZM/EoHo| mAFA: nlab,c]
® p =q- kn (k= qO| A planed}t2| the shortest signed distance) (po +tu)-n+d=0 i {
m nO| CHR|HIE{(unit vector)Ql AL, k= neq + d
" p lq l(n-cj (+ d)n = e ; tu-n=-d-p,-n pixyz)
q (XoYoZo) = =(Po-n+d)
n[?,b,c] Aq b+ An ) u_-n /
| J o 0ok 2 MO| MHI WIHSICHH, denomlnator uen=0
p /% 2) otA &d2 HHAaE WASHR] =L
o 2Hef £ 20| el [0, co)Lioff UK Oégﬁ, M2 BH
WAFSHA| G =L
[m] _(po'n+d) _(po n+d)
p( u-n )_p‘) u-n




