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DirectX Naming Convention

O D3D - Direct3D
0 D3DX - D3D extended utility functions

O Constants and Data types

D3DYYY

D3DXYYY

E}S] d: typedef: DSDCOLOR, D3DXCOLOR

J4= dl: #define: D3D_OK, D3DXERR_INVALIDDATA

o D3DX C &5
|
|

zb kol o] A A oAb A A
dj]: D3DXMatrixInverse
= 52 D3D g SR S0 g It ol

a]: Direct3DCreate9

DirectX Naming Convention

Vector

O D3D C++ interface

u IDirect3DYYY

= o|: IDirect3DDevice9 - rendering Tdd g5
O D3DX C++ interface

= ID3DXYYY

» o: ID3DXMesh - Mesh objectE W& 5 =5 3}+= interface
O Interface 3=+

w Zp o] o] A FARE A= A A g

= ] IDirect3DDevice9::BeginScene, ID3DXMesh::Optimize

2} +

o]
-1 H

e
o

a

o
o

o WME = A 7](magnitude -2 4 ©] length) <}
1k (direction)©] 81

o 9E = 299 W3k (light source directions), 3™ <] 13k
(surface orientations), & A|7+] 7 2] (relative distance
between objects) ‘5ol 4] AF-&-5] 3L 9}




3D Vector

3D Vector

0 D3DXVECTORS class (d3dx9math.h)
typedef struct _D3DVECTOR {
float x, y, z;
} D3BDVECTOR;

typedef struct DSDXVECTORS3: public D3ADVECTOR {
public:
D3DXVECTORS () ();
D3DXVECTOR3 (CONST FLOAT *);
D3DXVECTOR3 (CONST D3DVECTOR);
D3DXVECTORS3 (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

// unary operators

D3DXVECTORS3 operator +() const;
D3DXVECTORS3 operator - () const;

// binary operators

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

D3DXVECTORS3 operator / (FLOAT) const;

friend D3DXVECTOR3 operator * (FLOAT, CONST struct DSDXVECTOR3&);

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

} D3DXVECTORS3, *LPD3DXVECTORS3;

3D Vector

3D Vector Operations

0 D3DXVECTOR?2, D3DXVECTOR4 class (d3dx9math.h)
= D3DXVECTOR3el A ¢} &2 AitEo] S dskA Aol o A&
(A2 o 9]).

typedef struct D3SDVECTOR2 {
FLOAT x;
FLOATYy;

} D3DVECTOR?2;

typedef struct DSDVECTOR4 {
FLOAT x;
FLOATYy;
FLOAT z;
FLOAT w;
} D3SDVECTORY;

o #E 9] 4% (equal) u==
D3DXVECTOR u(1.0f, 0.0f, 1.0f);
D3DXVECTOR v/(0.0f, 1.0f, 0.0f);
if (u == v) return true; // 7 e oW
if (u !=v) return true; // 7987 Ed

o WE 9 217] (length) length(v)
FLOAT D3DXVec3Length(CONST D3DXVECTORS3* pV);
D3DXVECTORS3 v(1.0f, 2.0f, 3.0f);
Float magnitude = D3DXVec3Length(&v);,  // =sqrt(14)

o WE 2] 473} (normalize) normalize(v)
D3DXVECTOR3* D3DXVec3Normalize(D3DXVECTORS* pOut,
CONST D3DXVECTOR3" pV);




3D Vector Operations

o ¥H t3sl7] (addition) u + v
D3DXVECTOR3 u(2.0f, 0.0, 1.06);
DBDXVECTOR3 v(0.0f, -1.0f, 5.0f);
DBDXVECTOR3 sum=u+v;  // (20+0.0,00-1.0,1.0+5.0) = (20,-10, 6.0)

o 9 E w”] (subtraction) u - v
D3DXVECTOR3 u(2.0f, 0.0, 1.06);
DBDXVECTORS v(0.0f, -1.0f, 5.06);
DSDXVECTOR3 diff=u-v;  // (20-0.0,0.0+1.0,1.0-5.0) = (2.0, 1.0, -4.0)

o ¥WE =7} 35 (scalar multiplication) u * k
D3DXVECTOR3 u(2.0f, 0.0, -1.0f);
D3DXVECTORS3 scaleVec = u * 10.0f; // (2.0, 0.0,-1.0) *10.0 = (20.0, 0.0, -10.0)

3D Vector Operations

o WE 4 (dot product) u«v
FLOAT D3DXVec3Dot (CONST D3DXVECTOR3* pV1,
CONST D3DXVECTOR3* pV2);
D3DXVECTORS3 u(1.0f, -1.0f, 0.0f);
D3DXVECTORS3 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 WE 214 (cross product) ux v
. 96 HEAS A EHE A& QA FHL A S
B uxv=-(vxu)
DBDXVECTOR3* D3DXVec3Cross (D3DXVECTOR3* pOut,

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

0 o ol A7HY HelR 19 54 S 38 M
(r x ¢ matrix) 2}l T},
w 7IEE L E FES 3 (row)
s AEE wdE BEE 4 (column)
= Miji= & i 9t 4 joll 31+ Y4 (element)

nyq My, M3
M= My, My M3 r(3) rows
Mgy M3) M3
“ y
~

¢(3) columns
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D3DX Matrix

o D3DX Matrix
m Direct3Dol A= 4x4 3 & (matrix)Z} 1x4 ¥ E (vector)E A}-&-3Hr}.
m V' =y Ty (00t Tyy viyg)

o D3DMatrix

= _ij: i+ 3 (row) number®] i j= & (column) number©] t}.

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;
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D3DX Matrix Operations

D3DX Matrix Operations

0 D3DXMATRIX

typedef struct DSDXMATRIX: public DSDMATRIX {
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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// assignment operators

D3DXMATRIX& operator *= (CONST D3DXMATRIX&);
D3DXMATRIX& operator += (CONST D3ADXMATRIX&);
D3DXMATRIX& operator -= (CONST D3DXMATRIX&);
D3DXMATRIX& operator *= (FLOAT);

D3DXMATRIX& operator /= (FLOAT);

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

// binary operators

D3DXMATRIX operator * (CONST D3ADXMATRIX&) const;
D3DXMATRIX operator + (CONST D3DXMATRIX&) const;
D3DXMATRIX operator - (CONST D3DXMATRIX&) const;
D3DXMATRIX operator * (FLOAT) const;

D3DXMATRIX operator / (FLOAT) const;
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D3DX Matrix Operations

Matrix Operations

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

BOOL operator == (CONST D3DXMATRIX&) const;
BOOL operator != (CONST D3ADXMATRIX&) const;

} D3SDXMATRIX, *LPD3DXMATRIX;
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o P He] A4t (arithmetic) ==, +, -, %, /

D3DXMATRIX A(....); Y CES!
D3DXMATRIX B(....); // BSl %713}
D3DXMATRIX C = A * B; // C=AB

o WLe) o] R BEANA)E ALE AT,
D3DXMATRIX M;
M(0, 0) = 5.0f; // 11=50f

0 o9& 4 (identity matrix) D3DXMatrixIdentity
D3DXMATRIX* D3DXMatrixIdentity(D3DXMATRIX* pOut);
D3DXMATRIX M;

D3DXMatrixIdentity(&M); // identity matrix

16




Matrix Operations

Transformation

o AX & (transpose) D3DXMatrixTranspose
D3DXMATRIX* D3DXMatrixTranspose(D3DXMATRIX* pOut,
CONST D3DXMATRIX* pM);
D3DXMATRIX A(....); // A %78}
D3DXMATRIX B;
D3DXMatrixTranspose(&B, &A); // B = transpose(A)
o 93 (inverse) D3DXMatrixInverse
D3DXMATRIX* D3DXMatrixInverse(D3ADXMATRIX* pOut,

FLOAT* pDeterminant,
CONST D3DXMATRIX* pM);
D3DXMATRIX A(....); /] AZ7]3}
D3DXMATRIX B;

D3DXMatrixInverse(&B, 0, &A); // B = inverse(A)
// pDeterminant= 2 8 8 7 -9-o]| o] 8- ™
// _—leq;q oLo uq NULLE ;ﬂd— ‘l,];]_
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o 7]3¥ 3 (geometric transformat1on) SR
SR THE L0 2 §7 5 Bag o
O 2D transformation
» ©]-5H 3 (Translation), T
= 3] 7 W 3 (Rotation), R
m 7|3 (Scale), S

y

==
=
2t

(points)=-
o}

o
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Transformation

Translation

O Direct3Dol| A= W8k 323 5H7] 98l 4x4 3 7 1x4
W] 2 AL § St
=(2,6,-3,1)
= T=x-F2210-39 o]
mvV=vT=(126-31)
0 9 4x4 YE = AHEok=71?
s 27 Aok BE S (olE, 79, WAk
FE2 ndd 5 7] Wi
o S E S 99 WE- Y F A 35 9] W
O Non-homogeneous/ Homogeneous coordinates convert
=B (xVy,2) 2 XY z1)
B (x/wW,y/w,z/w) €& (X, V,2 W)

o
5]
o

FHafod)
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o ©]-5 3 4 (Translation) D3DXMatrixTranslation

= No translation when w=0
= T(p)=T(-p)

D3DXMATRIX* D3DXMatrixTranslation(D3DXMATRIX* pOut,

FLOAT x,
FLOATY,
FLOAT z);
Tp) =[1 0 0 o0 y o] % y
0 1 0 0
0 0 1 0 A
px py pz 1




Rotation

3D Rotation Matrix

o 3] 434 (Rotation) D3DXMatrixRotationX/Y/Z R® =1 0 0 0
= R(p)=R7(p) 0 cos6 sin® O
» angle radian#t o2 Y& 7 0 -sind cosd 0
0 0 0 1
D3DXMATRIX* D3DXMatrixRotationX(D3DXMATRIX* pOut,
FLOAT angle); Ry() =(cos6 0  -sinb O
D3DXMATRIX* D3DXMatrixRotationY (D3ADXMATRIX* pOut, 0 1 0 0 N
FLOAT angle); sinf 0 cos® 0 34
D3DXMATRIX* D3DXMatrixRotationZ(D3DXMATRIX* pOut, 0 0 0 1
FLOAT angle); y
R;(0) =(cos® sind 0 0
-sin®  cosO 0 0
0 0 1 0
0 0 0 1 N
21 22
Scaling Inverse Transformation Matrix
o 27]¥ 3 P H (Scaling) D3ADXMatrixScaling Tip) =[1 0 0 o0 RAO) =1 0 0 0
= S'(ax, qy, 92)=5(1/9x, 1/qy, 1/qz) 0 1 00 0 cosd -sing 0
D3DXMATRIX* D3DXMatrixScaling(D3DXMATRIX* pOut, 0 0 1 0 0 sind cos® 0
FLOAT sx, -px -py -pz 1 0 0 0 1
FLOAT sy,
FLOAT sz); R,1(0) = cosd 0 sin® 0
SY@ = |1/aqx 0 0 0 1 0 0
0 1/qy 0 0 -sin® 0 cos® 0
s@ (a0 0o o) 7 asag Y 0 0 1/qz 0 0 0 o0 1
0 g 0 0 0 0 1
0 0 gz O R;10) = cos6 -sin6 0 O
0 0 0 1 sin®  cosO 0 0
X 0 0 1 0
0 0 0 1
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Composing Transformation

Transformation

o dE 59 ¥WH p=[50,0,1]& LEFC21/5 272
&S WA S, y-FOo= p /4w AT o, x-
FO R 199, y-F 02 219, -5 0% 39 v o] F

o Q=5(1/5,1/5,1/5) R,(P1/4) T(1,2,-3)

o pQ = [1.707, 2, -3707, 1]

0 D3DXVec3Transform ®H pVE 34 pM= ¥ 3t
D3DXVECTOR4* WINAPI D3DXVec3Transform(
D3DXVECTOR4* pOut,
CONST D3DXVECTOR3* pV,
CONST D3DXMATRIX* pM);

o D3DXVec3TransformCoord #]E] pVE 4 pM = H 3}

= vlE o] A o] 1 914

% 0 0 Oyvo7r 0 -707 0Y1 O O O D3DXVECTOR3* WINAPI D3DXVec3TransformCoord(
D3DXVECTORS3* pOut,
SRT= 0 }/5 0 o0oj0 1 0 0jo 1 0 0 CONST D3DXVECTORS3* pV,
0 0 %3 ol-707 0 707 0j0 0 1 O CONST D3DXMATRIX* pM);
o o o 1,0 0 0 1)1 2 -3 1 0 D3DXVec3TransformNormal ®H pVE 4 pM= ¥ 3
= o] WA o] 00 2 <14
1414 0 -.1414 O D3DXVECTOR3* WINAPI D3DXVec3TransformNormal(
0 1 0 0 D3DXMATRIX* pOut,
- =Q CONST D3DXVECTORS3* pV,
1414 0 1414 0 ” CONST D3DXMATRIX* pM); .
1 2 -3 1
Plane Plane

o W shvhe] M WH (normal vector) n?k 3 H o] #
Pl = XA E Y n=(a, b, c), p=[n, d]

ax+tby+cz+d=0

nep+d=0

d=-nep
o 3 912 A pell e, ne(p - py) =0

pZ HH (n, d)o] &1 #A

Tefnep +d =024, p= A 3
ek nep +d > 024, p= W o] v E 9]
gheknep +d < 02Hd, pi= W 9] SHEo] Qi
o WkeF o A BB no| ©e] Aojebd, nep +d=
HroA A p7hA 9] R 55 7H7 7 &S A2 (the

shortest signed distance)& 4= T AUtk d=-n#p

0 D3DXPLANE

typedef struct D3DXPLANE({
#ifdef _ cplusplus
public:
D3DXPLANE() {};
D3DXPLANE(CONST FLOAT*);
D3DXPLANE(CONST D3DFLOAT16*);
D3DXPLANE(FLOAT a, FLOAT b, FLOAT ¢, FLOAT d);

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

// assignment operators
D3DXPLANE& operator *= (FLOAT);
D3DXPLANE& operator /= (FLOAT);

// unary operators
D3DXPLANE operator + () const;
D3DXPLANE operator - () const;
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Plane

Relationship between Point and Plane

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

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

BOOL operator == (CONST D3DXPLANE&) const;
BOOL operator != (CONST D3DXPLANE&) const;
#endif // __cplusplus
FLOAT a, b, c, d;
} D3DXPLANE, *LPD3DXPLANE;
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o 4 p W (n, d)o] 7 A
« who nep +d = 02, pi= el T,
« Wk nep +d > 02hE, pi= Bl o] vhRe] 9k
= WFeFnep+d <02hd, pi= W] SFEol Qv
0 D3DXPlaneDotCoord
» YW@, b, c, d)o FH (x,y, 2)o A a*x + b*y + c*z + d*1-& F .
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) // Z 2 &0l QUCH
if (x>0) // B S0l AL
if (x<0)// B8 oofl UCH

- 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

= W (a, b, c d)o WE (x,y, 2 w)oll A a*x + by + c*z + d*wa =T

FLOAT D3DXPlaneDot(CONST D3DXPLANE* pP,
CONST D3DXVECTOR4* pV);

o D3DXPlaneDotCoord
= W (a b, c, d)2t WH (x,y, z)ol A a*x + b*y + c*z + d*1& =T
FLOAT D3DXPlaneDot(CONST D3DXPLANE* pP,
CONST D3DXVECTORS3* pV);

o D3DXPlaneDotNormal
= HW(,b,c d)o FE (x,y,2)°A a*x + b*y + c*z + d* 0= =
FLOAT D3DXPlaneDotNormal(CONST D3DXPLANE* pP,
CONST D3DXVECTORS3* pV);
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o ¥ E (normal) n¥} 7 2] (signed distance) d
= D3DXPLANE p(a, b, ¢, d)

o A ¥E (normal) n¥} ™ <] 3 % p,
= d=-nep,
D3DXPLANE* D3DXPlaneFromPointNormal(D3DXPLANE* pOut,

CONST D3DXVECTORS3* pPoint,
CONST D3DXVECTOR3* pNormal);

o FH el Al 7Rel A po Py P2

B U=p;-pyV=py-Pp;n=uxv;d=-nep,

D3DXPLANE* D3DXPlaneFromPoints(D3DXPLANE* pOut,
CONST D3DXVECTOR3* pV1,
CONST D3DXVECTOR3* pV2,
CONST D3DXVECTOR3* pV3);
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Plane Normalization

A 9] 4413} (normalization)
w FH ] M HE (normal)E At 3}

= HA WE o) Aol e doll &S 7] Wil di= Al At st

= (n,d)=
Inl HnH HnH

D3DXPLANE* D3DXPlaneNormalize(D3DXPLANE* pOut,
CONST D3DXPLANE* pP);
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Plane Transformation

3}

T- - o

4 ﬁi}% o] v—(n, d)gt o] WS W A dE T= Hsksh
T‘ 8 V(T 1)To

D3DXPLANE* D3DXPlaneTransform(D3DXPLAN E* pOut,

D3DXPLANE* pP,

CONST D3DXMATRIX* pM);

a

= o

D3DXMATRIX T(....); // W& & =713}

D3DXMATRIX inverseOfT;

D3DXMATRIX inverseTransposeOfT;
D3DXMatrixInverse(&inverseOfT, 0, &T);
D3DXMatrixTranspose(&inverseTransposeOfT, &inverseOfT);
D3DXPLANE p(....); // B 2713}
D3DXPlaneNormalize(&p, &p);  // 813}
D3DXPlaneTransform(&p, &p, &inverseTransposeOfT);
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Plane Transformation

a

P g oA

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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Closest Point on the Plane

o B 70l kel A 2 742 3, 8 qolA 7 e
39 (n, d) 3o 4 pE TFohet

® p=q-kn (k& q°llAl planeiﬂrﬂ the shortest signed distance)

» n©] 2] ¥ E (unit vector)Q! -9, k=neq+d

" p=q-(n*q+d)n
q (XoYorZo)
n[a,b,c] ]
q=p+kn

o, oH

P (x4, 2)

ax, + by, +cz, +d
va®+b® +c?

where q(X,, Yo, 2,) and Plane ax+by +3?:z+d =0

Distance(q, plane) =




Computing a Distance from Point to Plane

Intersection of Ray and Plane

O Given a plane and a point, g, that is not in the plane,
= Assume n is a normal vector of the plane and D is the distance

from p to q, then
W=[X0—X, yo_Y!Zo_Z]
_ ‘n ° W‘ q (XoYoZo)
Tl nlobe]
1 w

_ ‘a(xo B X) + b(yo B y) + C(Zo B Z)‘

N Kiern

_ax, +by, +cz, +d

va?+b?+c?

034 (ray) p(f) = pp + tu & 3 (plane) pen+d=0  p,

o 3'6]'}1‘:]_/“—% Uxigl 5’-7-(]'71(32 n[a,b,c] //t1
(po +tu)-n+d =0 //t’
tun=-d—-p,-n ,,..’/
p(xy,z)
t=_ (P -n+d)
u-n

o THeF FA o] s 3} 3 8 51t} , denominator uen=0
whebA FA L HH I walskA] =
o RFeF ¢ gho]l M9 [0, co)lol] AA] RO, e
WA =T
O p((po'n+d)j:p0+(po'n+d)u
u-n u-n

o,

=




