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/* *
* \file device.h
* \brief #/# | HRLEEKHEITRITEENE
74

#pragma once

#include <graphics.h>

#include <iostream>

/* *
* \brief ZARANEFEHE
7

class Device {
public:
Device (const int& WWidth, const inté& WHeight)
Width (WWidth), Height (WHeight), MaximumPixel (Width * Height) {
Handle = initgraph (Width, Height);
if (Handle != nullptr) {
Buffer = GetImageBuffer () ;

BeginBatchDraw () ;
} else {
std::clog << "\rDevice Creating Failure : No widget has been
created."

<< std::flush;

exit(-1);

public:
DWORD& At (const size t& X, const size t& Y) const {
if (Y * Height + X >= MaximumPixel) ({
std::clog << "\rDevice Failure : Subscript out of range." <<
std: :flush;
}

return Buffer[Y * Width + X];

static void Flush () {
FlushBatchDraw () ;



private:
HWND Handle;
DWORD* Buffer;
int Width;
int Height;

int MaximumPixel;

K 1: Device KM [device.h]

FE2IMAERTUERH Device KXRONIEE—TMEIEB T :

#define UNICODE
#define _UNICODE

#include <conio.h>

#include <device.h>
int main () {
constexpr int Width = 640;
constexpr int Height = 480;
const Device Graphics (Width, Height) ;
for (size t Y = 0; Y < Height; ++Y) {
const double G = static cast<double>(Y) / (Height - 1) * 255.999;
for (size t X = 0; X < Width; ++X) {

const double R = static cast<double>(X) / (Width - 1) * 255.999;

Graphics.At (X, Y) = BGR(RGB (R, G, 0));

Device: :Flush() ;
_getch () ;

return 0O;
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for (size t Y = 0; Y < Height; ++Y) {
std: :clog << "\r WERETF: " << (Height - Y) << "AFMRAE . " <<
std: :flush;
const double G = static cast<double>(Y) / (Height - 1) * 255.999;
X < Width; ++X) {
/ (Width - 1) * 255.999;

(size t X = 0;

for
const double R = static cast<double> (X)

= BGR(RGB(R, G, 0));

Graphics.At (X, Y)

std::clog << "\r HZIELE. \Nm? 5
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/* *
* \file vec3.h
* \brief &X I [JEH KIS
4

#pragma once

#include <cmath>

#include <iostream>

class Veec3 {
public:
Vec3() : e{0, 0, 0} {

8 PEEE: FEMEHNIAES Clion ; Nova (Preview), H IDE A EW 7 —/MZHl & DMk, #1594
T HALAR B fhl G/ IDE AIRETTIEBDHEH Gl (XZRY EasyX BRINZKHRGIG), ik
FHETE, ALME Device Z5H initgraph 54 “initgraph(Width, Height, EW_SHOWCONSOLE)”,
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}

Vec3 (const doubles& €0,

e2} {
}
public:
double X()
return
}
double Y ()
return
}
double Z()
return
}
public:

Vec3 operator- ()

return Vec3{-e[0],

}

double operator[] (const int& Index)

return e[Index];

}

const double& el,

const {

-e[1l], -el2]};

double& operator([] (const int& Index) {

return e[Index];

Vec3s operator+=(const Veec3s& Vector) {

e[0] += Vector.e[0];

e[l] += Vector.el[l];

e[2] += Vector.e[2];

return *this;

}

Vec3& operator*=(const Veec3& Vector) {

e[0] *= Vector.e[0];

e[l] *= Vector.e[l];

e[2] *= Vector.e[2];

return *this;

}

Vec3& operator*=(const double& Value) {

e[0] *= Value;

el[l] *= Value;

1071

const double& e2)

const {

e{el,

el,



el[2] *= Value;

return *this;
}
Vec3s operator/=(const double& Value) {

return *this *= 1 / Value;

public:
/**

* \brief IfHFEHEK
74

double Length() const {
return sqrt (LengthSquared()) ;
}

/**
* \brief i FHERK CKIF7)
*/

double LengthSquared () const ({
return std::pow(e[0], 2) + std::pow(e[l], 2) + std::pow(e[2], 2);

public:
double e[3];
}i
/**
* Point3 WAE—1 Vec3 WI#E, (HA]LIFEECIGn] el
*/

using Point3 = Vec3;

/ * K&
* BRI KR
*/

inline std::ostream& operator<<(std::ostream& Output, const Vee3& Vector)
return Output << Vector.e[0] << ' ' << Vector.e[l] << ' ' << Vector.e[2];
}
inline Vec3 operator+ (const Vec3& Left, const Veec3& Right) {
return Vec3{ Left.e[0] + Right.e[0], Left.e[l] + Right.e[l], Left.e[2] +
Right.e[2] };
}

inline Vec3 operator-(const Vec3& Left, const Veec3& Right)

ES VD



return Vec3{ Left.e[0] - Right.e[0], Left.e[l] - Right.e[l], Left.e[2] -
Right.e[2] };
}
inline Vec3 operator* (const Vec3ds& Left, const Vec3& Right) {
return Vec3{ Left.e[0] * Right.e[0], Left.e[l] * Right.e[l], Left.e[2] *
Right.e[2] };
}
inline Vec3 operator* (const double& Value, const Veec3& Vector) {
return Vec3{ Value * Vector.e[0], Value * Vector.e[l], Value *
Vector.e[2] };
}
inline Vec3 operator/ (const Veec3s Left, const double& Value) {
return (1 / Value) * Left;
}
/**
* i e LR
*/
inline double Dot (const Veec3& w, const Veec3s v) {
return w.e[0] * v.e[0] + w.e[l] * v.e[l] + w.e[2] * v.e[2];

}

/**
=€ T3
*/
inline Vec3 Cross (const Veec3& w, const Vec3s v) {
return Vec3{ w.e[l] * v.e[2] - w.e[2] * v.e[l],
w.e[2] * v.e[0] - w.e[0] * v.e[2],
w.e[0] * v.e[l] - w.e[l] * v.e[0] };
}
/**
* JH— 1t
*/

inline Vec3 UnitVector (const Vec3s& Vector) {

return Vector / Vector.Length() ;

A 4: 28 Vec3 M Y [vec3.h]
HEALBER T double 7, (HE—LEEHAREH T float MY, HANE S HIFEEM
EE, [HZ2HE double KA/, R/NHIEIFIRES BSFRE ERZWRIRE—D
BRI T AFRIIAE TS (BINEFEEER); EAIERZ double B2 float 2R

DARY, W] DARRAE RS D ABAFIRE,
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AAHTE LA Vec3 AU, ] DA — MR REIERIZE Color, HFRZE M HHIE

M= Vec3 BI5I4 Color, 7+ HE XAHRAIEEIRIEREL:

/**
* \file color.h
* \brief EXZ
*/

#pragma once

#include <vec3.h>

#include <graphics.h>

using Color = Vec3;

/**
* SFEEFEHINT DIAT A FF DWORD 1
4

DWORD ColorToDWORD (const Coloré& Value) {
return BGR(RGB (Value.X (), Value.¥Y(), Value.Z()));

RE% 5: 28 Color YE X [color.n]

I EIXFANZE, PRAER] DB R A BT RAIE AN T :

#define UNICODE
#define _UNICODE

#include <device.h>
#include <conio.h>
#include <color.h>

#include <vec3.h>

int main() {
constexpr int Width = 640;
constexpr int Height = 480;

const Device Graphics (Width, Height);

AT FUCHEER T AT PPM BRI, TERIME AT B R R AL, BT
MM T BasyX, BUNRZEERMESCHEITIE, RIS AT A TR,
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Color WriteColor;

for (size t Y = 0; Y < Height; ++Y) {
std::clog << "\r iFF: " << (Height - Y) << "ZHMBFELL. " <<
std: :flush;

WriteColor.e[l] = static cast<double>(Y) / (Height - 1) * 255.999;
for (size t X = 0; X < Width; ++X) {
WriteColor.e[0] = static cast<double> (X) / (Width - 1) * 255.999;
Graphics.At (X, Y) = ColorToDWORD (WriteColor) ;
}
}
std::clog << "\r jEZL5ELE, \n";

Device: :Flush() ;
_getch () ;

return 0;

R 6 fanth R R 20D
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4. ek, A RREEILIEAH R
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BT, PR B — M ER P (t) = A+tb, HF P RR—NE%E 3D HE
kB, AR, b REXKHTTE, RS FERIGH, HK double %
A ; EARRENERS LR P IS ELSs— BRI, MRBA—MUENL, fRE
ATDABGEN% 3D EARREMM, WA T EMRL, (g ReEEs ARE 55, XHe
HRHPLRRE Rk
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A DU ARIAFOR — A Ray 2, THESL P (t) MFm R — R R E SR

Ray::at(t):

/* *
* \file ray.h
* \brief EX JILAHIHIHIE
*/

#pragma once

#include <vec3.h>

class Ray {

public:
Ray () = default;
Ray (const Point3& Orig, const Vee3& Direct) : Origin(Orig),

Direction (Direct) { }

public:
const Point3 OriginPoint () const {
return Origin;
}
const Point3 RayDirection () const {
return Direction;

}
Point3 At (const double& Value) const {

return Origin + Value * Direction;

private:
Point3 Origin;

Vec3 Direction;

B 7: Ray ZRIUE Y[ray.h]
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— N EGEIE L] DARIEE M EoR i E, (B2, BT REBEMIL, A EE
ERBENEM LR T REESEIREERS A, T2FA DOl & ik B G 58 k48 i
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MBI GERZ EREEERERRAE, DRITRRNRE,

PRI, REEIEFE—MIO&EE 2.0, HAHALHRITEE DRSS Z AL ;

WEESINIAV RSO X I
/*
* B
*/
auto AspectRatio = 16.0 / 9.0
int Width = 400
/*
* ORAFEG S, IR AT 1
*/
int Height = static_cast<int>(Width / AspectRatio)
Height = (Height < 1) ? 1 : Height
/*
* MR ERT BINT 1
*/
auto ViewportHeight = 2.0
auto ViewportWidth = ViewportHeight * (static cast<double>(Width) /
Height)

K1 8: THYEILE
WRIRTERZE N LAEREH AspectRatio SRIFHHE ViewportWidth, X/EFH
AspectRatio HEESZZMARLLHNE, HATGEAZ Width F1 Height FYSEPREVE; WHR

Height AIPARIUE (RMUEEED, HB2LMER AspectRatio 522 AI1THY, {H Width 1

Height HYSKRRELBIRIRES B NARFN——EJE, IntegerHeight 2] NG RIZILHY
B, HATREMSANLLAIME, %=, BHTIFARW IntegerHeight /N 1, XBATEERFE
Kl EEBI R 2L,

EE AspectRatio B —PNEARELH], H2MAETEEHIEIRE & AR Al ExiE

s N TIEM ORI ER LIS 2 PTE, (EA TR A EER BE LR E ST B
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ETREEL NG AL —DMLT 3D ZRFES A LR (XthiEHE

W N AR i——eye point) o NREHLH LI AR HERZSWHER, Ki—IFEid

FIARLAR L2 I B — NG, XA BSE B RN AR (focal length)
FIF A% R R B DI B AT (0,0,0), JEHF y B k. x BT, 1z 4

TR T3 E) GXIEH PR NG TR R

ﬂ\

right-handed coordinates)

Y

FRDHNL

T

Bl 3: AEALAY) LAATARHIE

PIER B RALB GRS T, 2R 3D SHEH EWIE, HiX5E GAFRHEE
%%, ERIARRRE LA NEN, RE—EA FEEGRE FANRE—MRE; K&K
HEGANTR y SRRy LB RGN,

SESEGR, B2AREBIEE(0,0)FE, REMESGE MG, KEEN
IR, H T BRI RN, SR — N ERE BRI R
V), FI—MEB%E FagmmeyY, .

(G RS L e MR R IR, JXRE, WL X STHIRI 53 /M X

IR, BRPISFIILER 2 KA :

0 EET: AT RS A AUE A RIRRINITIEZ — IARFRERT x i,y Bl z S IETT A2
AUNRUER): A TFRAER R E, OGS, SRR EERER, AMERER x MKETTm, &
fafEM y BhEIETT IR, FRIEFHERY TR 2 B 7.
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4 BORHGERI
AERRT —MIORMMHRS 10X 6 KGRI, ZMOKE EAQ. BEAP,
DIRARC RV, RV, , EEMI1HG =R Au ATAV .,
% LAOR, R RRGHIAARRGSEE]; B1E L — ML RayColor(const Ray& Light)

RE—NRERICARIB T, (EEIERNMTIEARRINREIRE:

#define UNICODE
#define _UNICODE

#include <color.h>

#include <conio.h>

#include <device.h>

#include <ray.h>

#include <vec3.h>

Color RayColor (const Ray& Light) {
return Color{ 0, 0, 0 };

int main () {

const auto AspectRatio = 16.0 / 9.0;

const auto ImageWidth = 640;

auto ImageHeight = static cast<int>(ImageWidth / AspectRatio);

H1971



ImageHeight = (ImageHeight < 1) ? 1 : ImageHeight;

/) P

const auto Focallength = 1.0;

const auto ViewportHeight = 2.0;

const auto ViewportWidth = ViewportHeight *
(static cast<double> (ImageWidth) / ImageHeight) ;

const auto CameraCenter = Point3(0, 0, 0);

/) AR u Fl v

const auto ViewportU = Vec3 (ViewportWidth, 0, 0);
const auto ViewportV = Veec3 (0, -ViewportHeight, O0);

/) R T B 1 4 ]

const auto PixelDeltaU = ViewportU / ImageWidth;
const auto PixelDeltaV = ViewportV / ImageHeight;

/) R Z EARFENINE

const auto ViewportUpperLeft =
CameraCenter - Vee3(0, 0, Focallength) - ViewportU / 2 - ViewportV /
2;
const auto Pixell00Loc = ViewportUpperLeft + 0.5 * (PixelDeltaU +
PixelDeltaV) ;

const Device Graphics (ImageWidth, ImageHeight) ;

/) TERA

Color WriteColor;

for (size_t Y = 0; Y < ImageHeight; ++Y) ({
std::clog << "\r i&HFF: " << (ImageHeight - Y) << "ZKHMELMHFELR. " <<
std: :flush;
const auto HeightVec = static cast<double>(Y) * PixelDeltaV;

for (size_t X = 0; X < ImageWidth; ++X) {

auto PixelCenter = PixellOOLoc + (static cast<double>(X) *
PixelDeltaU) + HeightVec;
const auto RayDirection = PixelCenter - CameraCenter;

Ray Light (CameraCenter, RayDirection);

WriteColor = RayColor (Light) ;
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Graphics.At (X, Y) = ColorToDWORD (WriteColor) ;
std::clog << "\r jEHZSELE, \n";
Device: :Flush() ;
_getch () ;

return 0;

4 9: GRS main. cpp]

FER EEMEE, FIHEEE RayDirection MHTIH—{LRIE, XRREAFRIAAAEIX
2 fH0RT DARE i B B ARAS RS bR

HUAEFRANFE RayColor BRECRSEI—MEBANHAE; Koty mmga—bE, %R
BOARAE y AbREMEREE RN HERIEENTE (Fitye(-1.0,1.0)), ER&EZ
[AISRAG— N BRI T “RIEEE” R GRS, XIEE AP MEZ BRI
EIZHE (erp), BE-NERIEHEBERIXHRE, Hfaam o2 1 LmEin:

Result = (1-a)-Value,,, +a-Value,, **

RS SIER, WATLME RayColor HRELANT:

Color RayColor (const Ray& Light) {

Vec3 UnitDirection = UnitVector (Light.RayDirection())

const auto a = 0.5 * (UnitDirection.¥() + 1.0);

auto Result = (1.0 - a) * Color(1.0, 1.0, 1.0) + a * Color (0.5, 0.7,
1.0);

Result *= 255.0;

return Result;

A5 10: BBOSSEH RayColor PREX

R ZARNROPRE: HESR = (1-a) B {E +a- & 1EE.
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MRARETTIR, REKIERMTEA:

B 50 MR y ARARIEERS 203

5. BRI ANERIE
LEBATRIN— 0 QBTN IR BB E R s AMTTIB BRI A 2 5
AR (B U BN T 26,

5.1 RS ERIARIMEAZ

—MITFERA, BN BERA TR — MREZETE:
X +y +z8=r?

HILATAL, AIRAE— (XY, 2), EX+y +22 =17, LA TE L,

off

X+ Yy +22<r?, AGERTERN, X +y +2° >r°, WZETEIN
MRBNAERARES R TAEEFLE(C,,C,,C, ), WA AR FEAHR:
(x-C,)° +(y—Cy)2 +(z-C,) =r?
EEpES, BEFEAREUMRRR, KREFTELML(X, Y, 2) KRR IEERA DAY
Vee3 JORFR; IRMTREEAIEES| T — i C =(C,,C,.C, ) B P =(x,y,2) Mk
AIUFETN (P—C), FRAMARARNELE:

2A22 71



(P-C)-(P-C)=(x-C,)*+(y-C,) +(z-C,
B AR B ES ESCHIERIA T2
(P-C)-(P-C)=r
R AT ABAR LRI 5 P EMERR IR L) BRIk P (t) = A+th BT
FRIGAEZE, e B S BRACAEZE, U7 42— Dt AEME P (1) R %S, TRA RISt :
(P(t)-C)-(F()-C)=r’
R B (t) BT
[(AHB)—C}-[(AHB)—(Z} =r
ZAFEGLE=HE, GHE=1HE, WRRHZEBNLGH, BARIBENA
Mg, REIRFHLA UERE HRXERE, HHELRHLEIRZ/MI; &EERERD
t, FrPARIZICITIe t B AENE:
[t5+(5\—5)}-[t5+(,&—5)} =
BUAR R A B AR LI SR o0 A 03R4 R -

t’b-b+2th-(A-C)+(A-C)-(A-C)=r’

t25.5+2t5-(A—C)+(A—(§)‘(A—C)—r2:0

RN AREEAE LW, BEFER r —PmEf2fe LAY, b, mE

A DB SRR R, R, W—RRASAEL, HARBIRPEEL, #OXE
—MRT L ZIRTTAE, FTDAARH a7 st o A iR R SRAR A TR R Hit -

—b++/b?-4ac

2a

AT RIRAKXPRIZER, A
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HIEA DS t, ERRRAXIRS THXFAIDR —NESR (EREM DL,
T (BREREEMRD. 0 BRERE-NER); £EPZEH, REULEERESIUTE
FEHEREKER; XN TARIARRFELEE TN KT E R =NRRE) U R :

TR, RN © ESAR

HEMEY), B 1%RIR

GEMHz, AMAELR

Bl 6: e BRIMHAZI LAA] BRI

5.2 BIEE—MELIEERE

MRREEE AR EIIRE PR, PO TE 2 B -1 AE —1VIBRIE, RER
S5HBEZHHE G RE G L ERMIAAR:

bool HitSphere (const Point3& Center, double Radius, const Rayé& Light) {

Vec3 Origin = Light.OriginPoint () - Center;

const auto a = Dot (Light.RayDirection (), Light.RayDirection());
const auto b = 2.0 * Dot(Origin, Light.RayDirection())

const auto c = Dot (Origin, Origin) - Radius * Radius;

const auto Delta =Db * b - 4 * a * c;

return (Delta >= 0);

Color RayColor (const Ray& Light) {
if (HitSphere (Point3 (0, 0, -1), 0.5, Light)) {
auto Result = Color (1, 0, 0);
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Result *= 255;

return Result;

UnitDirection = UnitVector (Light.RayDirection()) ;
+ 1.0);

1.0) + a *

Vec3
= 0.5 * (UnitDirection.¥Y ()

const auto a
= (1.0 - a) * Color(1.0, 1.0,

auto Result
Color (0.5, 0.7, 1.0);
Result *= 255.0;

return Result;
RS 11 JER— ML EERK[main . cpp]

MRMRILTIR, ABLFENAFEGA NHTE R

70— REAILLEBR IR
ERXPREEH MR ZARTE, FlInEw, fot, MRS IS, HERXR, HE
B —THEEERIE—F T, ESEERR I8 R IR RRRIARIEE B IR K
LR S SERIEMZE, (HENMERM AEREER TIE, RBIRE O RIEEE
z=1 RIBE—NELHERNER, XZRAXAMAREX LA AT

Pk, RXAIAE—DRE, BRSO,

ER2571



6. RIMELRGZ I HER

6.1 RETELER

B, eRE-DRERE R CNRERL, ROEKE- 1N EETRALHNHE,
FAREGRAEEERE, REEGH N BNKERERFHRIHARRRX
.
FERLZEILT, W T F7 IRIRETH R & S e AR R a3 — iR E+ 0%
N; SR, 1ESKERAF, A="WEEEHT:
1) WREHLTE-DEHTEAR, (RATERFERITE KA (LHERE, m
AR BREAE TR Z AT BRI,
2) &Y, FAFREALRERE,
3) MRFEMEMEMENBMKE, Ao@EHE T T#REUTRIR, £
HAJEREBETE hit HEPER—MEREIAE,
MNFHE=R, DI, BRIRHITRLA] DA B B A KRR DABRIR A2 RG, M
eI T AR R
LR LPTIR, BREERFARTH IR RN SR R SR,

BRI, INELRRITT AR R A DY 75 T

B 8: BRIRIRME) LR
FEHIER b, XERE NHLOBRATA 2 B EA_ERY; 8TORTERFED, A/NBRER
mEE; BRI FFFHRE ML E MR, BeR BARER & M &
B —MEARA M ERERTE (RN Z2BRMARRE S BEEWEREMLT -1 Z

1) RS REEEI[0,1] £, B (x,y,2)BETEI(r,g,b) R EEERT, K
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NREHIWOLLR B SRR, EREAFIHEZNA (XRBEMEETENTEN
), HTHRHBRE DRI, FEEERCTHEIET, FrCAERYIEEATREEOAE

t AR, RERGEEN&TR (CHRIME) MEMRENMRA, TEAMESAE

ATRFFRIAAL A

double HitSphere (const Point3s Center, double Radius, const Rays Light) {
Vec3 Origin = Light.OriginPoint () - Center;
const auto a = Dot (Light.RayDirection (), Light.RayDirection())
const auto b = 2.0 * Dot(Origin, Light.RayDirection());
const auto c = Dot (Origin, Origin) - Radius * Radius;
const auto Delta =Db * b - 4 * a * c;

Color RayColor (const Rayé& Light) {

// AL

Vec3 UnitDirection = UnitVector (Light.RayDirection()) ;
const auto a = 0.5 * (UnitDirection.¥() + 1.0);
auto Result = (1.0 - a) * Color(1.0, 1.0, 1.0) + a *

Color (0.5, 0.7, 1.0);

return 255.0 * Result;

A0 120 (EBRIR BTERRIETAL

R IER, LEFREAITERENER:
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9: —MHRETALA BRIBRIA

6.2 TELERIR S L 2RI

SeR BRI S BRI AR -
double HitSphere (const Point3& Center, double Radius, const Rayé& Light)
Vec3 Origin = Light.OriginPoint () - Center;

const auto a = Dot (Light.RayDirection (), Light.RayDirection());

const auto b = 2.0 * Dot(Origin, Light.RayDirection())
const auto c = Dot (Origin, Origin) - Radius * Radius;
const auto Delta = Db * b - 4 * a * ¢;

if (Delta < 0) {
return -1.0;

} else {

return (-b - sqgrt(Delta)) / (2.0 * a);

A 13: &SR Z A [main . cpp]
B, EE—T, —PARARTHCHERETIZARREN I,

HR, EEbAE-ITRE2; FESb=2hN, A:
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—b ++/b* —4ac

2a
_ —2h=x/(2h)’ -4ac

2a
_ —2ht2yh’-ac

2a

_—h++h’-ac

a

TR R AT DTSR BR A S AR i R :

double HitSphere (const Point3& Center, double Radius, const Rayé& Light) {

Vec3 Origin = Light.OriginPoint () - Center;

if (Delta < 0) {
return -1.0;

} else {

A 14 BRIRHD LR AN

6.3 Al REVHR

WAE, el NEkRIE? RARAEZOE - PRENBARESE, 22— RGN
R T RBNATE AT REAT IR O — MR, RS IEFFEBRIAFIBR A B AR L
AT DA IR T GRS E R AN 2902, REN "X (object)” BUIFELT,
i, AMMBSEEER “RE (suface)”, HIMREMNTFEER BN HNEXR)
MiEgh = RS0, “Alanhfy (hinable)” FEZBIFMMBIRARE, ERXEBE—DHE

AREXR, FURIEREMEM “hittable” X PEF,
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% Hittable 526 — MEZHENSHINEL hit; KHS LRI SN T 7718
TSM— ML, Bt BEROEE, BTN, <t<t, B, SR 2uite;
HFPGATTS, tRESRE—EME, BMA— M RE N FABOSITERRE
WH; BE— MR, EERGTERSEEEI AR, HIHERE, 1
BB SRS A BEERAAR, TR AN SHES; X BRI R R

R77 = B R E I EREIRFE SR T, BT

/* *
* \file Hittable.h
* \brief HKKXHIFEEX
4

#pragma once
#include <ray.h>

class HitRecord {
public:
HitRecord () = default;

public:
Point3 Point;
Vec3 NormalVector;

double TValue({};

class Hittable {
public:

virtual ~Hittable () = default;

virtual bool Hit (const Ray& Light, const double& RayTMin, const doubleé&
RayTMax,

HitRecords& Record) const = 0;

A% 15: Hittable 2K[hittable.h]

B B IRIAH Sphere 2K:

/**

ZA3001



* \file sphere.h
* \brief IKEHKIEXICHY
*/

#pragma once

#include <hittable.h>

class Sphere : public Hittable {
public:
Sphere (Point3 ICenter, const double& IRadius) : Center (ICenter),
Radius (IRadius) {
}
bool Hit (const Rayé& Light, const double& RayTMin, const double& RayTMax,
HitRecords Record) const override {

Vec3 Origin = Light.OriginPoint() - Center;

/7 RAR

const auto A = Light.RayDirection () .LengthSquared () ;
const auto HalfB = Dot (Origin, Light.RayDirection()):;

const auto C = Origin.LengthSquared() - Radius * Radius;
const auto Delta = HalfB * HalfB - A * C;

if (Delta < 0) {

return false;

const auto SgrtDelta = sqrt(Delta);
/) R R FEV R R (IR

auto Root = (-HalfB - SqgrtDelta) / A;
/) IR HTE L, B 5T — TR

if (Root <= RayTMin || RayTMax <= Root) {
// WIERIEER OOR S XA
Root = (-HalfB + SqgrtDelta) / A;
if (Root <= RayTMin || RayTMax <= Root) {

return false;

/) REH I A FE il R 7E Record H
Record.TValue = Root;

Record.Point Light.At (Root) ;

Record.NormalVector = (Record.Point - Center) / Radius;
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return true;

private:
Point3 Center;

double Radius;

RS 16: Sphere Zi[sphere.h]

6.4 1FE/RME

FoMGIHRETR, NTERR, BEMNZERAIN, FAIEMERRIELRTTTER
T2 HAHILRE SR H D IR 75 H) GXEEBRETEFRIBRITT RIRLKASN) ; (RELMNINRE
ERIAREZZ, MITERERITTIAISEEAE R NFEE MBS, NEREEZMSN, B A
DALETESIRA S HETT M ; GIRVELRAEBRIASMER, NIEREAREESN, EaR L

ERIAPER, MITRAIREA

AN

N SRR

V IR TH
\ 2
AR &

10: BREKR IR AR AT ATRETT 1A LR K

BT RMTRAREEAE LR B REAIE—M, AR ZIRFEH A6, XX
TEEERARNR (BEINELRTK ERSAR) 85 BB WNEIMTRIN R (BIa03EE
BR) EHEZ,

NFERILIRM B IR IS, AR R, STRERE LA TN, Xa] DOE
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X AR R IE, MR CEMRMETT AR, WYeLsAmmEzn, Wit
SANRAMRTT MR, WYELEAMPA SN, XA M AERSRRE, R ENH

RANIE, MISEA T BRIK PR,

if (Dot (RayDirection, OutwardNormal) > 0.0) {

} else {

A 17: ek R L
nARIEREL IR BARAARIAEETT 1A, WIATZE MM AR ZHIWHELA T —M; 5

MRZHE, KaFmEBFESER:

bool FrontFace;

if (Dot (RayDirection, OutwardNormal) > 0.0) {

Normal = —-OutwardNormal;
FrontFace = false;

} else {
Normal = OutwardNormal;
FrontFace = true;

0 18: B LA
A DUBIH IR B I LR A R AN T RE SN, &SR RAIRMASEL; XEBRT
TRBEAE LIRS E R N FENAMI, BTERBPENEILARETES
MM BRREY, 858 B T SR AT T LA AR SRR I R e MU X U2 — M AR, 75
S E FR R AT DAB 2IX AR SE I,
%54 FrontFace MM HitRecord 21, FIFEHIIRIN—MREAS A T KR THE A BRI 5L
SetFaceNormal; N T 77 {EECI, (RIZE#ELHT SetFaceNormal BEEHIAIERHIT—(L/EH]

M8, SHEE DRI, EMLHERIERXEMEEER, THEESE
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R E AN LA BT R

class HitRecord {
public:
HitRecord () = default;

// & HitRecord %[t
// B 24 outwardNormal’ EZ M #HHH HA K/E

public:
Point3 Point;
Vec3 NormalVector;
double TValue{};
bool FrontFace;

}i
HH 19: HHN FrontFace £ #F| HitRecord H'[hittable.h]

TREERTLATE Sphere 2 AT AR ] :

class Sphere : public Hittable ({
public:

bool Hit (const Rayé& Light, const double& RayTMin, const double& RayTMax,
HitRecord& Record) const override ({

/) RIFHZE 1l R 7E Record 7
Record.TValue = Root;
Record.Point = Light.At (Root) ;

return true;

bi
bS5 20: #1467 RITMHIKT Sphere 2K[sphere.h]
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6.5 GE—" Hittable XfZHJHIFE

MEELA T — M4 Hittable HIESRR T 5YEEARARR IR ORHIR S, IERE

FTEIMAN—NEEMETFIXLE Hittable X RAYFIFR:

/**
* \file HittableList.h
* \prief — > Hittable ZBHI5#%
74

#pragma once
#include <hittable.h>

#include <memory>

#include <vector>

class HittablelList : public Hittable {
public:
HittablelList () = default;
explicit HittableList (const std::shared ptr<Hittable>& Object) {
Add (Object) ;

public:

void Clear () {
Objects.clear () ;

}

void Add(const std::shared ptr<Hittable>& Object) {
Objects.push_back (Object) ;

}

bool Hit(const Ray& Light, const double& RayTMin, const double& RayTMax,

HitRecords& Record) const override {

HitRecord Temp;
auto HitFlag = false;

auto Closet = RayTMax;

for (const auto& Object : Objects) {
if (Object->Hit(Light, RayTMin, Closet, Temp)) {
HitFlag = true;
Closet = Temp.TValue;

Record = Temp;
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return HitFlag;

public:
std: :vector<std::shared ptr<Hittable>> Objects;

R4 21: HittableList 28[hittableList.h]

6.6 —L C++ FEMNE

AKX HittableList KAVRREHFEEH TN C++ FE, SRIRAZ - Cr+ R,
TRATRESEIREAE, B vector A1 shared ptro

shared_ptr<Type>/Z2F MM EHFLREINIEE, BAESIAIEEY,; BUCHEHENT
BH—MHEENRN (BERZ2—MENRE, sIATEmSEN—; SHE=HEH
MREAENER BINRERNEREE — M) N, sIHTHEBSE—; L3I
LHEN, NEREHERLHIRE,

WE, HEEHERERT RN RITOA L, Fln:

shared ptr<double> DoublePointer = make_ shared<double>(0.37);

shared ptr<Sphere> SpherePointer = make_ shared<Sphere> (Point3(0,0,0), 1.0);

Kb 220 —MER shared ptr SRIHECAAFE IR B
HH make shared<Type>(Para ...) 73HC T —PNRELH Type, fEH Para FAMIEKEL
SHEHISE], FHIRE— shared ptr<type>o
BT make_shared<Type>(...) HUIR[EIREIR] DI EBNES, SATLAGERA C++ HiY

auto FHEFRILACAD 5 &

auto DoublePointer = make_shared<double>(0.37);

auto SpherePointer = make_shared<Sphere> (Point3(0,0,0), 1.0);

A% 23: —NMEAH auto CHEFRH shared ptr K3 HLNAZRH]
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ZFTLA%ER shared_pointer<Type>, JEENE V2 LAALZR—ALHE (4]
an: —HEEDGE P FIE A RAVERIK), BRI DA ST W7 S B 5 TR

std::shared_ptr #%E€ X1E <memory> k3,

BAMRATRERRZIPEER) C++ RFERIA std:vector, —NE A BIRIGER KBS

a5 ECPERE X T Hittable NRAVES; std:vector FEEUNINE ZEIT H3HE

£ Objects.push_back(Object) TEZRFLA std::vector FIFKFAZEE Objects FIARIFIRIN T —
(SES

/o, using BAIPEIFHIEZRM std FEHRE shared ptr F1 make shared HXH:, PAME

AHEBRGIHEEFEM L std: BT,

6.7 B FHHIECE W BN TIRETE %L

REHPEEFRE-LEREEE, N T EREEEE E— DA FT; ATl
IERAF/ETLS, BUFEERLEE X 7, HANEEIEEHREHER; tweekendh fF

NEISEREE L5 AR E BT Re Mt

/ * Kk
* \file rtweekend.h
« \brief HM/HHALHBRILAEIEFHE N
=Y

#pragma once

#include <cmath>

#include <limits>

2 EE: FEENMARNRBELRBAMER using EA), XATRATRESERGE 5 Yy REEYHE]
ISR R TE R B E, [HR2FEEMRABER T X using WBAIRES, FHEH std: B, TR iiA
T using BRI T S-HiB“using std::shared_ptr;”Fl“using std::make shared;”, IAEXAHRA AN BB
Ko
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#include <memory>

#include <numbers>

/ HEHE

~

constexpr double Infinity = std::numeric_limits<double>::infinity();

constexpr double Pi = std: :numbers: :pi;

/) TIREME R

inline double DegreeToRad (const double& Degrees) {

return Degrees * Pi / 180.f;

#include <ray.h>

#include <vec3.h>
AS 24: rtweekend.h JEHSKSCF[rtweekend. h]

PARGHTHY main BREY:

#define UNICODE
#define _UNICODE

#include <color.h>

#include <device.h>

#include <sphere.h>
#include <conio.h>

Color RayColor (const Rayé& Light, const Hittable& World) {

Vec3 UnitDirection = UnitVector (Light.RayDirection()) ;
const auto a = 0.5 * (UnitDirection.¥() + 1.0);
auto Result = (1.0 - a) * Color(1.0, 1.0, 1.0) + a *

Color (0.5, 0.7, 1.0);
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return 255.0 * Result;

int main() {

// BIGE S

const auto AspectRatio = 16.0 / 9.0;
const auto ImageWidth = 640;

/) HERGEE, G REERTY

auto ImageHeight = static cast<int>(ImageWidth / AspectRatio);

ImageHeight = (ImageHeight < 1) ? 1 : ImageHeight;

/) LA

const auto Focallength =1.0;

const auto ViewportHeight = 2.0;

const auto ViewportWidth = ViewportHeight *
(static cast<double> (ImageWidth) / ImageHeight) ;

const auto CameraCenter = Point3(0, 0, 0);

/) FEREHN I E v A v

const auto ViewportU = Vec3 (ViewportWidth, 0, 0);
const auto ViewportV = Veec3 (0, -ViewportHeight, O0);

/) HIRFE T S I 1 e

const auto PixelDeltaU = ViewportU / ImageWidth;
const auto PixelDeltaV = ViewportV / ImageHeight;

// U E L EARENE
const auto ViewportUpperLeft =
CameraCenter - Vec3 (0, 0, Focallength) - ViewportU / 2 - ViewportV /
2;
const auto Pixell00Loc = ViewportUpperLeft + 0.5 * (PixelDeltaU +

PixelDeltaV) ;

const Device Graphics (ImageWidth, ImageHeight) ;

/) ERAL

HittableList World;
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auto GroundSphere = std: :make_shared<Sphere> (Point3 (0, 0, -1), 0.5);

auto FakeGround = std: :make_shared<Sphere> (Point3 (0, -100.5, -1),

100) ;

World.Add (GroundSphere) ;
World.Add (FakeGround) ;

/) ERE
Color WriteColor;

for (size_t Y = 0; Y < ImageHeight; ++Y) {
std::clog << "\r#&FF: " << (ImageHeight - Y) << "ZFAMLIER. " <<

std::flush;

const auto HeightVec = static cast<double>(Y) * PixelDeltaV;

for (size_t X = 0; X < ImageWidth; ++X) {

(static_cast<double>(X) *

auto PixelCenter = PixellOOLoc +

PixelDeltaU) + HeightVec;

const auto RayDirection = PixelCenter - CameraCenter;

Ray Light (CameraCenter, RayDirection);

Graphics.At (X, Y) = ColorToDWORD (WriteColor) ;

std::clog << "\r TE e sELE, \n";
Device: :Flush () ;
_getch();

return 0;

AS 25: WA T Hittable #HY main PK#{[main.cpp]

FEAERY B SEbR B R BRI B HAR AT P AL B (ERXEEERE LI

R AT B E B R RHE R 75 1
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B 11 A i TR S (e R R

6.8 X[a]E

TEARSE 2 B, TEELSESREL— MK IR B LA oK i MBS ALK ], 7 LS

BRSPS tas kR

JxH
* \file interval.h
* \brief — X/
*/

#pragma once

#include <rtweekend.h>

class Interval {

public:
[/ BT X
Interval () : Minimum (+Infinity), Maximum(-Infinity) {
}
Interval (const double& Min, const double& Max) : Minimum (Min),

Maximum (Max) {

}

public:
// X
bool Contains (const double& Value) const {

return Value >= Minimum && Value <= Maximum;
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// T
bool Surrounds (const double& Value) const {

return Value > Minimum && Value < Maximum;

public:
static const Interval Empty;

static const Interval Universe;

public:
double Minimum;
double Maximum;

b

const static Interval Empty (+Infinity, -Infinity);

const static Interval Universe (-Infinity, +Infinity);

K5 26: X[AIZK[interval.h]
/) B

#include <ray.h>
#include <vec3.h>

#include <interval.h>

Kb 27: FAFXEZ[rtweekend. h]

class Hittable {
public:

b
RHS 28: Hittable::Hit() XA [hittable.h]

class HittablelList : public Hittable {
public:

HitRecord Temp;
auto HitFlag = false;

for (const auto& Object : Objects) {
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HitFlag = true;
Closet = Temp.TValue;
Record = Temp;

return HitFlag;

}i
QA% 29: HittableList::Hit ] [X A% hittable list.h]

class Sphere : public Hittable ({

public:

bool Hit (const Rayé& Light, const Intervals& RayRange,

HitRecords& Record) const override ({

const auto SgrtDelta = sqrt(Delta);
/) KRR RIEITIR A CBIRAPHIHRD
auto Root = (-HalfB - SqgrtDelta) / A;
/) IR TE L, B 5 — TR
if (!RayRange.Surrounds (Root)) {
/) UIRIESE OOR JRH TR
Root = (-HalfB + SqgrtDelta) / A;
if (!RayRange.Surrounds (Root)) {

return false;

i

Kb 30: XA Sphere 2[sphere.h]

Color RayColor (const Rayé& Light, const Hittable& World)
HitRecord Record;
if (World.Hit (Light, Interval (0, Infinity), Record)) {
return 255.f * 0.5 * (Record.NormalVector + Color(l, 1,
1))
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Vec3 UnitDirection = UnitVector (Light.RayDirection())

const auto a = 0.5 * (UnitDirection.¥ () + 1.0);

auto Result = (1.0 - a) * Color(1.0, 1.0, 1.0) + a
* Color (0.5, 0.7, 1.0);

return 255.0 * Result;

KRAS 31: HHXEISGERHT main F%[main. cpp]

7. FFHDLFICORS R 5 ik

TEARELDART, SRR E R EHE — D LS, PR N

TN ITE ST AE:
1. @I R RSPk
2. fERRES LI RAIEE SRR RS R

TEMREN T, HE8E RayColor EELAKR FREFHIEIG, MHEHFITEREMCGD; ¥
FIMENIR B E SR N AT A Initialize 1 Render, DA NMFAEHIBN 1A GetRay F
RayColor.

&, MV SEERERRREERNER TR R’ DTSRGS
, B RS RSN A EE, RGMHA hitalize RERIGLMAENE;
XAMEXEC T A& AR A RESTIEEREECE SGFAMA KRR getter, setter A
% EBEXMEXTTUERBERRREEEEFRENENY, &5, 7IRUEEFhEA
Initialize PR, BCELLAANITE Render BRI BN L ASCRRASE R/,

£ main HEIET —MEVUFZEHRIRIMES, HKAA Render 771%; Render 7712
B WIRMABNLIT B BhTE BB,
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IR HTEALSE R ARS A :

#include <rtweekend.h>
#include <color.h>
#include <device.h>
#include <hittable.h>
class Camera {

public:

/) PPLHIAF S S

void Render (const Hittable& World) {

private:

/) IR

void Initialize () {

Color RayColor (const Rayé& Light, const Hittable& World) const {

b

1 32: FHLER RIS [camera . h)

BETRK, JEM maincpp HHE RayColor 75 iEifizidk:

class Camera {

private:
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A% 33: Camera::RayColor PK#{[camera.h]

ERZER LA ERIEHM main REFHZEHEHTEIAEYIEE, main KR IRE

HIRR A R RENE; X EZRFHERHAE:

class Camera (

public:
void Render (const Hittable& World) {

Initialize();
/) EHREE
Color WriteColor;

Y < ImageHeight; ++Y) {
" << (ImageHeight - Y) << "ZHAMKFHEYL.

for (size_t Y = 0;
std::clog << "\r & T:

<< std::flush;
const auto HeightVec = static cast<double>(Y) * PixelDeltaV;

for (size_t X = 0; X < ImageWidth; ++X) {

auto PixelCenter

PixellOOLoc + (static cast<double>(X) * PixelDeltaU) +

HeightVec;

const auto RayDirection = PixelCenter - CameraCenter;

Ray Light (CameraCenter, RayDirection);

WriteColor = RayColor (Light, World) ;

Graphics->At (X, Y) = ColorToDWORD (WriteColor) ;

std::clog << "\r JEIEE, \m® g

Device: :Flush () ;

public:
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double AspectRatio = 16.0 / 9.0;

int ImageWidth = 640;
private:
void Initialize () {

/G R, IR

ImageHeight = static cast<int>(ImageWidth / AspectRatio);

ImageHeight = (ImageHeight < 1) ? 1 : ImageHeight;

/) FBLEE S

const auto Focallength = 1.0;
const auto ViewportHeight = 2.0;
const auto ViewportWidth =
ViewportHeight * (static cast<double> (ImageWidth) / ImageHeight) ;

CameraCenter = Point3(0, 0, 0);

/) TEEA A E v A v

const auto ViewportU = Vec3 (ViewportWidth, 0, 0);
const auto ViewportV = Vec3 (0, -ViewportHeight, O0);

/) HIBRFE I S A 2 [ #E

PixelDeltaU = ViewportU / ImageWidth;

PixelDeltaV = ViewportV / ImageHeight;
/) A EARERIE
const auto ViewportUpperLeft =
CameraCenter - Veec3 (0, 0, Focallength) - ViewportU / 2 -
ViewportVv / 2;

Pixell00Loc = ViewportUpperLeft + 0.5 * (PixelDeltaU + PixelDeltaV) ;

Graphics = std::make_ shared<Device> (ImageWidth, ImageHeight) ;

Color RayColor (const Rayé& Light, const Hittable& World) const {

private:

std: :shared ptr<Device> Graphics;
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int ImageHeight;

Point3 CameraCenter;
Vec3 PixelDeltaU;

Vec3 PixelDeltaV;
Vec3 Pixell0O0Loc;

A5 34: MHMIZE[camera.h]

EMZ main PREEVBRT :

#include <rtweekend.h>

#include <camera.h>

#include <color.h>

#include <device.h>

#include <hittableList.h>

#include <sphere.h>

#include <conio.h>

int main() {

PR
/ JH R

HittablelList World;

auto GroundSphere = std::make_shared<Sphere>(Point3(0,

0,

_l)l

0.

5);

auto FakeGround = std::make_shared<Sphere>(Point3(O, -100.5, -1),

World.Add (GroundSphere) ;
World.Add (FakeGround) ;

Camera WorldCamera;

WorldCamera.AspectRatio = 16.f / 9.f;
WorldCamera.ImageWidth = 640;

WorldCamera.Render (World) ;

_getch();

return 0O;

Kb 35: A Camera ZKAUHT main FK¥{[main.cc]
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RARSTEIR, IBITIERF NS 2N DART— B — R RTE AR,

8. bithth

NSRRI B RIS BINTERECR, AR TR R R R SRR N B, X
FBTBRIINE — R “BEYS (aliasing or jaggies)”; 4N ELIERIHBALEE R I BN,
HihSOR AR, FAN%ERRHANRRNERMATIRG SELRERRA; B
Sttt BEIEIR R TIESE; BIE, Eo REGTRISHE; MEEeEgH,
AT DB MG 3 A BSRAE B DA AR R 2R

L FORESE MERI LN, XANIEAEE NG ERAE; GERETEA
DU TE RITAN MR B A — N 8 X8 MM A AR, (BRI
TR EM b, TAFTEAREAER S A TR, RASREKETHER, ®

5L ERHAMER; EHLHARS, SRMARENSITLEAEER, 255

%

@R, MARRBREDANA, XEFRARMIRBEMOCLIEESRMAEE: REEER
EgRE (8D XEER (28 Stk
RIEE REMNBREFOIHEFEYERERMEIFRAEHN, BREASRIGRERNZER;
WMz, MIZRAEREMNGRABE LRI, HRARXERMERELLANESS
R FrLAnRE A X EeeLkie?
XA BRI DURREA L, M MEME R RS — NMEFH R ETT
FEXEERIE; RXHANBRETE, BHNZREZENTTR, WFRANTHEX, AIUSHEXE

X E— “4 Pixel is Not a Little Square” 3),

18 e CERERE: https://www.researchgate.net/publication/244986797
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T~

B 12: BERETREE

8.1 —LEREAE T 1%

BERE — D REWS L AR — D BENL S BB REA LA AEs IR B ATOR [B]— AL R FE
UL, MG, MEO<n<l, 11 ZFHVNTSIEREZR, HNERNBEIAEIE,
— DA ERISEI R B <cstdlib> FPEY rand BREY, HOR[El—NREVIELT 0

F| RAND MAX; [FEIAIPATE rtweekend.h HHEAN— NIREX—MREALEHIACHS :

#pragma once

#include <cmath>
#include <limits>
#include <memory>

#include <numbers>

/) B —PREPLEr T [0, 1) 7

/) B EERLEAS LT [Min, Max) 7

A 36: RandomDouble FF%{[rtweekend.h]
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fBGE C++ FFIH —MIREREN RS, ERFRAR C++ B4 <random>
PRSLBRR TR AN A (E—EL R HHARTESR); MRIFEEARR C++ BIREHIEAE R

#, URA] DABUS— PRI GO R -

#include <random>
inline double RandomDouble () {
static std::uniform real distribution<double> Distribution (0.0, 1.0);

static std::mtl9937 Generator;

return Distribution (Generator);

fRF% 37: RandomDouble FEEX, A C++ Bt (R

8.2 EHZERMEM —PMER

XF—PHZERFHRIIGRR, HERIEN NERA BRI XIBAFIERREAR, FHX
FISRE (Bt ([ERTF,

HAE, FTELK WriteColor HBUHITAR, UEERIEHNEREE: FERLME
FEARRPEEE; AT RMRIUES, 5 ABEH, FERFIOENERBHEamn, &
JEHIT—IRBRIZIZE. (FRUDURIEEUR) ; N T W R4S R R R 1EIE 2479 [ 0,1]

JEEA, ReasinFFER — /NS BIER %L interval::clamp,

class Interval {

public:
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A 38: Interval::Clamp FKi%{[interval.h]

XEEAIRIGIRIN T ZERAER WriteColor BRE(M:

/ * Kk
* SFEFEHINT DI FF DWORD 1
*/

DWORD ColorToDWORD (const Color& Value, const inté& SamplesPerPixel) {
auto R = Value.X();
auto G = Value.Y();
auto B = Value.Z();

auto Scale = 1.f / SamplesPerPixel;
R *= Scale;
G *= Scale;

B *= Scale;

static const Interval Intensity (0, 255);

return BGR(RGB (Intensity.Clamp (R), Intensity.Clamp (G),
Intensity.Clamp (B))) ;
}

R#% 39: ZHRFEN WriteColor PRIX
IFER BRI R e X B —HTHY Camera::GetRay BEL, HRHNEMER
E A FIRIRAE; XA B E A — MBI BRI AL PixelSampleSquare, HAE R —MREHIRAE
AT PO RN R SBIRAIET RN, Ra, REREAUEEA XN ERAR 75 A% g [0 24 AR

HIRPERR:

class Camera {
public:
void Render (const Hittables& World) {

Initialize () ;

YEEE: HTPARFEARRAT BasyX MULSHITES, BULARNIZERIIHITE EasyX RHY
WriteColor BFi%{ ColorToODWORD, i HA WriteColor BIKEItEE N PPM &5,
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for

(size_t Y =

0; Y < ImageHeight;

std::clog << "\r &% F:

++Y) |
<< std::flush;

" << (ImageHeight - Y) << "ZKFAMLAFEY.

A\
const auto HeightVec

static cast<double>(Y) * PixelDeltaV;
for (size_t X = 0; X < ImageWidth; ++X)

{

Graphics->At (X, Y)
SamplesPerPixel) ;

ColorToDWORD (WriteColor,
}

std::clog << "\r JEIIELE, @™ g

Device: :Flush () ;

public:

double AspectRatio

16.0 / 9.0; // BGA=L
int ImageWidth = 640; /) BRI ZE
it samplesereirel =10

private:

Ray GetRay (const size_t& X, const size_té& Y, const Vee3& HeightVec)

const

/) MOEF (%, Y) HIRFERIGHRIK— T BEVIR I

auto PixelCenter
PixelDeltal)

PixellOOLoc + (static cast<double>(X) *
+ HeightVec;
auto PixelSample

PixelCenter + PixelSampleSquare () ;

const auto RayOrigin

CameraCenter;
const auto RayDirection

PixelSample - RayOrigin;

return Ray{RayOrigin,
}

RayDirection};

Vec3 PixelSampleSquare () const {

/3BT RFE PO H IE 77 TE P HTRE DR

auto PointX =

-0.5 + RandomDouble () ;
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int

auto PointY = -0.5 + RandomDouble () ;

return (PointX * PixelDeltaU) + (PointY * PixelDeltaV) ;

B 40: T SPP (Samples-Per-Pixel) FJAHHl[camera.h]®

main PREFIAE TR 2RI BRI S HEIREY:

main () {

Camera WorldCamera;
WorldCamera.AspectRatio = 16.f / 9.f;
WorldCamera.ImageWidth = 640;

WorldCamera.SamplesPerPixel = 100;

WorldCamera.Render (World) ;

A 41: BIHHHY SPP Z24{[main. cpp]

PHERISITMG, MORE S, ATVRINARZSERM T

13: YU ARTRIPUE A5

15 JRERE: “BRT XX pixel sample square PREY, ISRARAEZAXIEIZIRIGE, kL
A DFEARFR GitHub GZEFIRE| pixel sample disk PR, {HERARFHEARSZEM, pixel sample disk
I T 5 SORF 2 X random_in_unit_disk”, {HALE EasyX WIS AN FHERS ML 5 545 ot b A ERE

TG P PixelSampleDisk PRE, ELAREHITER,

RS54 71



9. (8RS

BE—VIRES TECEMET T, AIDUHARI—TEERNMR T ; R8RS BT
4 QEEABFOUNLSE) ; — D REUR R BT U AR IR (DLEERATR] PLRA LB 4s
SRR, RZINR), R AT LAAGE  GXX T UAMAFIM B IR e 0 R AT

REIRE M) ASCRRAARZSHIERGSRANAE T, [EIRERIEH EMT57E,

9.1 —/ME FHYIE S 5

— PIARKIERINE TN R R SR BRI &, EEM2 A 8 CEE B ek E T
JEI IR R ; 2278 S AT EOE 75 M2 REAILAY, AT DAUNSR =2 e 2R A MBS 3R

HZ FIREER A, ElNs 828 ARIBEIITHA:

B 140 BRI IDEE R
LM AT RES WA [, ZYRIEHYARE, A ERH R (XBENT 2K
HERED); FXE, EMERYIAZ MR EEEE T~ EFERGNDLRRE, TARE
WA : — N ERTE RIEBENLR SRR, X TR R, — RS %R AR

FEL MR FL R T7 17 R B AT REME B 2T S5 Y,
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Bl 150 KPR ERYSERE RS ST

XAAEE EMIRIAMORLR S A A — M8 RS, L L, W RBAELIBEIL SN
TR TR (FE—MERIEE AL, ESERARMTTE); BEER
B REILURSEERRI TR, FTARZEAE MRS —E757%; B FHEHEEILHAEY

AR — R RIRENLA & -

class Veec3 {

public:

double LengthSquared () const {
return std::pow(e[0], 2) + std::pow(e[l], 2) + std::pow(e[2], 2);
}
static Vee3 Random () {
return Vec3 (RandomDouble (), RandomDouble (), RandomDouble ()) ;
}
static Vee3 Random (const double& Min, const double& Max)
return Vec3 (RandomDouble (Min, Max), RandomDouble (Min, Max),
RandomDouble (Min, Max)) ;
}

AS 42: Vec3 IREHLEREL[vec3 . h]
BEFRBERFBEBO R — A E, DAERSRERERE LNER; %00

TIERAI DMHENX — =, (HSEhr EEfE R it S 7, LGRS 8%, TRERER
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B MRl AT ISR A BIPRIE, $RACTRM TR R R E LR EA, B2 E -G
FTARBIPREREA ; A, AUIRIEREEAR, BEEEKE— MR,
B2 A L NRVERCEERIA ERIRENLAIE 771X, E5t B IS, K 6 R RATTIE,
Rl
1 AR NERAERAE T RIRELR &
2. XEEMITIHLIRE
3. REA—L/EHABEINREA T HEIREFEE B
B, RRABIBREELE R —NERNBRIRNRIBELA R ; Wl — A7 75 (R AR BE

B, Hxy,ze[-11], FHEAERRERASMYm BRI
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B 16: PR A A SR — DTS ZOR A &

inline Veec3 UnitVector (const Veec3& Vector) {

return Vector / Vector.Length() ;

inline Vec3 RandomInUnitSphere () {

while (true) {

auto Vector = Vec3::Random() ;
if (Vector.LengthSquared() < 1) {

return Vector;
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X% 43: RandomInUnitSphere FK%{[vec3.h]
LA T ML T BALBRIA R RELE &, JETFREN HBETIH— L DR — DE SR ABR

A EAE,

B 17: PR TIH AR, AR R

inline Vec3 RandomUnitVector () {

return UnitVector (RandomInUnitSphere()) ;

A 44 A RAE RABRIR L RIRERLIAT & [vec3 . h]
e, B4F 7/ MERMIRIE ERIRELIR R, AT DU R H S R AL LR E &

A EERRA+BR E:

18: F R IRZA M AT =R Bk
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A AN R AL S R UR B B SRR IS B R G AL T IERRYFEER; R ERUNIE, N

HAZABA T IERRIEER, MRABNT, WRERERE,

inline Vec3 RandomUnitVector () ({

return UnitVector (RandomInUnitSphere()) ;

inline Vec3 RandomOnHemisphere (const Vec3& Normal) ({
Vec3 OnUnitSphere = RandomInUnitSphere () ;
if (Dot (OnUnitSphere, Normal) > 0.f) {
return OnUnitSphere;
}

else {

return -OnUnitSphere;

Y 45: RandomInHemisphere PK¥{[vec3.h]
AR —IL— DM FF 100% HREHE, WFRXAM OB @R R

I — I RSB PRI, MIFRIX DR R EHT; B8 S TR B O TE

AN

™, FHE RayColor HEIRZE NIREIRFEHEHT 50%, XFENIZRFEERAKE,

class Camera {

public:

void Render (const Hittables& World) {

Initialize () ;

for (size t Y = 0; Y < ImageHeight; ++Y) {

std::clog << "\r i&H F: " << (ImageHeight - Y) << "ZKHMLFEG. "
<< std::flush;

const auto HeightVec = static cast<double>(Y) * PixelDeltaV;
for (size t X = 0; X < ImageWidth; ++X) {

Color WriteColor;
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Sample < SamplesPerPixel; ++Sample) {

(int Sample = 0;

for
Ray Light = GetRay (X, Y, HeightVec);

ColorToDWORD (WriteColor,

Graphics->At (X, Y)

SamplesPerPixel) ;
}

std::clog << "\r JEIIELE, @™ g

Device: :Flush() ;

private:

const Hittable& World) const {

Color RayColor (const Rayé& Light,
Record)) {

HitRecord Record;
Interval (0, Infinity),

if (World.Hit(Light,

UnitVector (Light.RayDirection () ) ;
+ 1.0);

Vec3 UnitDirection =

const auto a = 0.5 * (UnitDirection.¥Y()

auto Result = (1.0 - a) * Color(1.0, 1.0, 1.0) + a *
Color (0.5, 0.7, 1.0);

}i
H% 46: RayColor i HREHLELR T Fl[camera . h]
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M eSS 2 T REER AR BER A :

19: B —UIE TS S BRI

9.2 [RflFIELEE

XREHF—-NMBEENF-: HER, RayColor MEUREIFN, MAtt 2R EHA XL
BINE? BRE L HALAFSEMYIEMEZZN ; ERLERI N IR RIRABFER, KA

JRMS RS ;0 T BRI AR L, BRSO IR, TR AR IR IR [B175 6 YL ok -

class Camera {
public:
void Render (const Hittables& World) {

Initialize () ;

for (size_t Y = 0; Y < ImageHeight; ++Y) {
std::clog << "\r i&HF F: " << (ImageHeight - Y) << "ZKHMLFEGL. "
<< std::flush;
const auto HeightVec = static cast<double>(Y) * PixelDeltaV;
for (size_t X = 0; X < ImageWidth; ++X) {
Color WriteColor;
for (int Sample = 0; Sample < SamplesPerPixel; ++Sample) {
Ray Light = GetRay (X, Y, HeightVec);
WriteColor += 255.f * RayColor (Light, MaxDepth, World) ;

6171



Graphics->At (X, Y) = ColorToDWORD (WriteColor,

SamplesPerPixel) ;

}

std::clog << "\r {BY5ELE, \n";

Device: :Flush () ;

public:
double AspectRatio =16.0 / 9.0;
int ImageWidth = 640;
int SamplesPerPixel = 10;
int MaxDepth = 10;

AS 47: Camera::RayColor PR LA IR ERR [ camera . h]

main PRV 2 ST DAGE FR BT S0 B 7R P PR 1

int main() {

Camera WorldCamera;
WorldCamera.AspectRatio = 16.f / 9.f;
WorldCamera.ImageWidth = 400;
WorldCamera.SamplesPerPixel = 200;

WorldCamera.MaxDepth = 50;

WorldCamera.Render (World) ;

A5 48: fELIE IR E RS main . cpp]
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MNFRXDIEEEERIR, MIZSEIEAR—-BHTERER:

20: A ST BRI R —IRTE TR S i

9.3 BERE

FFEEHE — P REXRBEHFREHE: 4SS — P RERXN, LRZAE
TR A AERE, M ERAE S ZEF RS NRERIE, WM SBEE AR
MERZ;, XEWE T RN E RSBV R, ArIRESREE 25T &
ArlgeEREz b, WAEERERBZ T, WRAKNEFAMEREZ T, HEFES FH
FBRIEAE, XERE B E &I A FE AT t = 0.000000001 &b sl H BR i 45 HY YT

ROEOME; ARPRIZ AN REE) £ f] B 75 TE LR RIS 5 T R RAR R B RIZE X

class Camera {
private:

Color RayColor (const Ray& Light, int Depth, const Hittable& World) const
{

HitRecord Record;

if (Depth <= 0) {

return Color{0, 0, 0};

if (World.Hit(Light, Interval(0.001, Infinity), Record)) {
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Vec3 Direction = RandomOnHemisphere (Record.NormalVector) ;
return 0.5 * RayColor (Ray (Record.Point, Direction), Depth - 1,

World) ;

Vec3 UnitDirection = UnitVector (Light.RayDirection()) ;

= 0.5 * (UnitDirection.¥() + 1.0);
0) + a *

const auto a
= (1.0 - a) * Color (1.0, 1.0, 1.

auto Result

Color (0.5, 0.7, 1.0);

return Result;

A 49: A BRI RS R

XFERRERI R IR, 2R, BRI MY, XRERGSR:

B 21 BH R B8 R BRI

9.4 HIFMEAH 4

R AL ST B ER &7 A — MRAFRIRANE SOATRE, (B4 Al DU#RTS
Bif; — D EEFRIARRIZ 910 (Lambertian distribution) ; BE A REHELAY
BN 5 cos (D) BIELL, HA O B REDEGKFIELINTA; XEERE —RREELRE
A RETAIR AR A 77 TR, A K RT REMR 25 IE B 7T AR 5 Z ATATE STHU A
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b, SRR S EI 515 RE ST MO ITSR RO ADRLRL S,

AT LUEIE RN — BB AR R T 141 R LR QUEXR S FERE LRI St R
P, DRCEEALN; Rk, MEEFAMRY, FILHAEH R A% G
PR SHEREAR Y] (TR f5 01 EAE — M —AUBREE) 5 IXPA ARIBR A R 4
KB, T NRBERERY, FREFR 1.

FAR— MR HREARITIE (1) B, B RSP AT
WA (-n); JXHE, A THNAGOR/MOBRIE, STEANIGFERT; ik, HoH
— RO ORBLT (P + 1) 8 — MERBI LR T (P—1i) ;T (P—11) BRIk
WOAHRIEREEEN, M, 6T (P+) (ERAEBIA N RIERTSER.

S 5 SR L T T P — DR VIR BRI BR A ke — ML T SRR BRI B

BEFLAL S H MBS P RS —FHLEIRHLAS (EINARE(S—-P)),

22 MRHERIE A BEHLA )

KPR b, TERBNAIARIRD

class Camera {

Color RayColor (const Ray& Light, int Depth, const Hittable& World) const

HitRecord Record;
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if (Depth <= 0) {

return Color{0, 0, 0};

if (World.Hit(Light, Interval(0.001, Infinity), Record)) {
Record.NormalVector + RandomUnitVector () ;

Depth - 1,

Vec3 Direction
Direction),

return 0.5 * RayColor (Ray (Record.Point,

World) ;
}
Vec3 UnitDirection = UnitVector (Light.RayDirection()) ;
const auto a = 0.5 * (UnitDirection.¥() + 1.0);
auto Result = (1.0 - a) * Color (1.0, 1.0, 1.0) + a *
Color (0.5, 0.7, 1.0);

return Result;

b 50: B T8I RayColor PRi%{[camera.h]

BESEAS R 2] TR PIRITE A R

23: WUABRIARIERTE S

BT AR EI DB AR I, DARME UL X RS S 5 75 R Z IR X1,

(ELIR N 1% RETE 2 A EE 2 ML 0L 22 5 -

1. BHEEMALE

2. Zfbfa, WABRREER S R T
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T HIRX BT R RO LRI B A1 5], AR, 8 2 O MiRLHEL
Ot XEWREXNTEBRMYAETS, Mt E45 B ENE RS E DL T EH; m
X, BESERE, RILBRIET TR XIERENE,

HEEREF, HARRSMEMEFTERNBRIFRCER, FHHAXED AL T
TR ERATREFF A&, EARPHIEIERES, RS REEERRE s, WA
FRFEAR BN BHIARE RAHER T K AT REBG R EERKEER RS

Jii; IS T ARANRITE S 7T T s BRBART RN, AT DAPRTS S B HY LA

9.5 M Gamma HfiE AIRISFEHART CR R E

AR TR, EEAFER, ERERREE RN —FEE, ATLVE]
HIRETRZ 50%; BRIBNMIZELKRRT (EMLMFF, MiZ2RKE) HEEFERIE
B —LE; ANSRAHE RO RV R VR R TR, MREEE AR A, Bk

RayColor PREUIREFRM 0.5 (50%) EEHN 0.1 (10%):

class Camera {

public:

Color RayColor (const Ray& Light, int Depth, const Hittable& World) const

HitRecord Record;
if (Depth <= 0) {

return Color{0, 0, 0};

if (World.Hit(Light, Interval(0.001, Infinity), Record)) {
Vec3 Direction = Record.NormalVector + RandomUnitVector () ;
return 0.1 * RayColor (Ray (Record.Point, Direction), Depth - 1,
World) ;

Vec3 UnitDirection = UnitVector (Light.RayDirection()) ;
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const auto a = 0.5 * (UnitDirection.¥() + 1.0);

auto Result = (1.0 - a) * Color(1.0, 1.0, 1.0) + a *
Color (0.5, 0.7, 1.0);

return Result;

RAS 51: 10% YA RayColor Pi%¥{[camera.h]
DUBTHY 10% RENZFFTIES:; REHRIBILEN 30%, HERIER; KIREES
50%. 70% F1 90%; VRAIDATE B CaEFEHE s IEX LR MNERIGEM, XA

REAR ELVIHD 2 th Piride € sk Y 5= EE B A 0

24: HFiN IHTE Gas i sk

WMRMMERFAR, REFEH—PRES, REI 50% R (B 24 FiE) K
ERGERFEOKR, M TEHEOMERG (FKRE) ZA; R, 70% BRI EE
IERE; ZURRAEZRNLEIE R REIERFES ABEBSUEZ AiE R E G2
“IIAZIER”; XEWE, 0 2 1 FBEELF T EBZATSET &5, 5A
BRI A TR R B NS RIER, M, e B EBR AR M 236
(Gamma Space) ; VRATEARIEIRESFRATENMKZM S RHATER, MmiEREEE
HAEHABLMEZRFREG,; X2 EGRE DR AN ERRERE,

DAMnE = FFEEEE RS RITL, BN T HMNENTS, AFEERERXIMR
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PHENA]; PITEREE A AR RHEER R MDA, DAEERIGEE fRae i Eor &
18; fEN—NERENEL, FTROERE “Gamma 2” fENZHTTIE, WELE MM S RIEIL
P AN AR BT EREREIEZ RGNS, XEREFZER “Gamma

1

27 k¥, XERETEECREUEIEL: , BIETTHR,

a

VIR 3 i Tk /1= Ay T e

inline double LinearToGamma (const double& LinearComponent) {
return sqrt(LinearComponent);

|

/G FH XS P #E DWORD 18

DWORD ColorToDWORD (const Color& Value, const inté& SamplesPerPixel) {
auto R = Value.X();
auto G = Value.Y();
auto B = Value.Z();

/1 FEIRLURFEY

auto Scale = 1.f / SamplesPerPixel;
R *= Scale;

G *= Scale;

B *= Scale;

/) KT /A FY Gamma 5S[EIHI 3

/) I g BT F RGB ZE ] L

static const Interval Intensity(0.f, 0.999);

return BGR (RGB (Intensity.Clamp (R) * 255, Intensity.Clamp(G) * 255,
Intensity.Clamp (B) * 255));
}

RAS 52: 7 Gamma HFIEM WriteColor PR¥{[color.h]
T IHAMER T M AN S22 BRI, HFEZXN Camera KAYAAGHEIT 4B

M, HEFEAN ColorTODWORD MISECHEIE > &I AE RGB {H:

1 RHTE: HACFEEIFA, NS BITRYE BasyX HRAHIARD LI,
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class Camera (

void Render (const Hittable& World)
Initialize();

{

/ / N =87 v A
/) THRE

for (size_t Y

= 0; Y < ImageHeight;
std::clog << "\r b F: v
<< std::flush;

++Y) |
<< (ImageHeight - Y) << "ZKHHLLArEYL.
const auto HeightVec
for

= static cast<double>(Y) * PixelDeltaV;
(size_t X = 0; X < ImageWidth;

++X) |
Color WriteColor;

for

(int Sample = 0;

Sample < SamplesPerPixel;
Ray Light =

++Sample) {
GetRay (X, Y, HeightVec);

WriteColor += RayColor (Light, MaxDepth, World) ;

Graphics->At (X, Y)

ColorToDWORD (WriteColor,
SamplesPerPixel) ;

}

std::clog << "\r JEIIEE,

\n";

Device: :Flush () ;

B 53: (B 7200 Camera::Render PR#E{[camera.h]
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BTMESFERS, WE, MBREEEISZREEMN—2 T

B 250 SRR MTESRAEIR

10. &JEMEl

10.1 XFHRAGIMER 2

IRFEANFLEEA AR R, XTREEHH—MEFRT LR AT
— R E RESEENBAMEIE, AR BIRETAT R RER AT DA RIS X H I A s
28, EMEREAE,; B, ] DA — MIREIMRESOREERMR T, REXR
JE—RUTIE, NTRMNEERFRE, HRTRZMPAE:
1 R EEER eI T ASHEL)
2. WNRZHG, HENEMIZEREZD

R RAIRDL T :

/**
* \file material.h

* \brief FIFEHRIE
4

#pragma once

VORETE: N TERCRERE, HAREEER T RSB LA,
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#include <color.h>

#include <rtweekend.h>
class HitRecord;

class Material {
public:
virtual ~Material () = default;
virtual bool Scatter (const Ray& LightIn, const HitRecord& Recrod, Colors
Attenuation, Rayé& Scattered) const = 0;
i

KAG 54: MBS K [material .h]

10.2 #IRSL S VAR SETEHESE

ZFrCAMER] HitRecord 820 T i R28 BREUE N —HES L E AT DAY5 (ERER IR INFT R
ZHHER; ERIDAMERSECRREHRE, RRBMASHRE,; arhPit R =EgE
BEARD RSN THIRE, WL REMS I REN; £ C++ o, TERM—ITHE XK
4 class Material; DAZIR%1FaS Material FERREMEHE L, HTHBRFREE X5
] Material KRUFEEF, HRIFERIHFATERIE Material KRV, XFEFRLAT DURRRTEIA

51 FH YAl

class Material;
class HitRecord {
public:
HitRecord () = default;
void SetFaceNormal (const Ray& Light, const Veec3& OutwardNormal) {

FrontFace = Dot (Light.RayDirection (), OutwardNormal) < O0;

NormalVector = FrontFace ? OutwardNormal : -OutwardNormal;

public:

EBT72 01



Point3 Point;

Vec3 NormalVector;
double TValue{};
bool FrontFace;

std: :shared ptr<Material> OMaterial;

Kb 55: HH Material f5£1¥ HitRecord[hittable.h]

HitRecord HJg—Frfd—HSEEEH — R TTEER NN —HEdEEE; 4
—HRNLGREMER (FIGIFDERIR), HitRecord FHY Material TEEHESHILE NN
CAME main FEHIREGFHIIRIKFEIF BT, 2 RayColor K15 HitRecord W, HAILAEH
M BRFEET R R B R ECR TR BT RIS (R ERIE)

J9lt, Sphere 28 X 7E HitRecord HHICsK N H B HIMF,

/**
* \file sphere.h
* \brief ZKEHIE K ICHY
*/

#pragma once
#include <hittable.h>

class Sphere : public Hittable ({
public:

bool Hit (const Rayé& Light, const Interval& RayRange, HitRecord& Record)

const override {

/) RIFHZE 1l R 7E Record

Record.TValue = Root;
Record.Point = Light.At (Root) ;
Vec3 OutwardNormal = (Record.Point - Center) / Radius;

Record.SetFaceNormal (Light, OutwardNormal) ;

return true;

EBT7301



private:

Point3 Center;
double Radius;

B 56: WD TMEHMERR Sphere 2[sphere.n]

10.3 JSERIET A R S AR

NTUMELERBE (BRI B, EEASZEHFGHITRRZR, Za
A (BERA1-R) MARR CREGTHIES R BEM TR0, HATRERIXM MEILRY

RE; NTIERRER, ASCRIERRIGLRUT, KIBIEM BRI T M A

#include <color.h>
#include <rtweekend.h>

#include <hittableList.h>
class HitRecord;

class Material {
public:
virtual ~Material () = default;
virtual bool Scatter (const Ray& LightIn, const HitRecord& Record, Colors
Attenuation,
Ray& Scattered) const = 0;
bi

/) BINTE R
class Lambertian : public Material {
public:
Lambertian (const Color& IAlbedo) : Albedo (IAlbedo) {
}
bool Scatter (const Ray& LightIn, const HitRecord& Record, Colors
Attenuation,
Ray& Scattered) const override {
auto ScatterDirection = Record.NormalVector + RandomUnitVector () ;
Scattered = Ray (Record.Point, ScatterDirection);

Attenuation = Albedo;
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return true;

private:
Color Albedo;
ti

RES 57: FIBAEM PR

IR, BODTEESAE: WS ME R p SRR a'bsd", A

R RIS TRARE N N 4T BT AT,
GUERATANI R B AREAH, RATRESTEREI AT DU/NRIRE;  GnSREEAL AL A B NI4T S5
EAEMR, HAKEANE, RESBEEGTTRAAENE,; R2FEGH HIEEREL

(FEF5 KA NaN), BRIERNTEAER KL R 2 AT E XA E I,

class Veec3 {

public:

bool NearZero () const {
auto Judge = le-8;
return (fabs(e[0]) < Judge) && (fabs(e[l]) < Judge) && (fabs(e[2]) <
Judge) ;
}

}i
RAS 58: Vec3::NearZero Ji{%[vec3.h]

class Lambertian : public Material {
public:
Lambertian (const Color& IAlbedo) : Albedo (IAlbedo) {
}
bool Scatter (const Ray& LightIn, const HitRecord& Record, Colors
Attenuation,
Ray& Scattered) const override {

auto ScatterDirection = Record.NormalVector + RandomUnitVector () ;

ERT7501



Scattered = Ray (Record.Point, ScatterDirection);

Attenuation = Albedo;

return true;

private:

Color Albedo;

KAS 59 BEBUSINBAE R Sf[material . h]

10.4 BT 5

NFMOERIE, SLARBENLE, KEERIBUZ : SEMBUZIIAIRE R SHELR? £

XE, TEEAEHREEENETHES:

K 26: YL REE
B LT E RN R G LRV + 2D 5 fEARBRIGIEI R, ASEEMmE, BV AR

25 b EKERCAV-N; BTV ISAR, BEANERR, S

inline Vec3 RandomOnHemisphere (const Vec3& Normal) {

}
Vec3 Reflect (const Vec3s& Vector, const Veec3& Normal) ({

return Vector - 2.f * Dot (Vector, Normal) * Normal;
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AG 60: Vec3 HYRGTPRE [vec3.h]

MEEMANRFAFTEER Reflect HRELRIA]:

class Metal : public Material {
public:
Metal (const Color& IAlbedo) : Albedo (IAlbedo) {
}
bool Scatter (const Ray& LightIn, const HitRecord& Record, Colors

Attenuation,
Ray& Scattered) const override {
Vec3 Reflected = Reflect (UnitVector (LightIn.RayDirection()),

Record.NormalVector) ;
Scattered = Ray (Record.Point, Reflected);
Attenuation = Albedo;

return true;
private:

Color Albedo;
b7

K 61: A R PREI BB M K material . h]

IAE IR TR EAE L RayColor PREL:
#include <rtweekend.h>
#include <color.h>

#include <device.h>

#include <hittable.h>

class Camera (

private:

Color RayColor (const Ray& Light, int Depth, const Hittable& World)

HitRecord Record;

B770L

const



if (Depth <= 0) {
return Color{0, 0, 0};

if (World.Hit(Light, Interval(0.001, Infinity), Record)) {

Vec3 UnitDirection = UnitVector (Light.RayDirection()) ;
auto Result = (1.0 - a) * Color(1.0, 1.0, 1.0) + a *

Color (0.5, 0.7, 1.0);

return Result;

—

RAS 62: A RHI RayColor FK%{[camera.h]

10.5 HHESBERIKIIZ R

MAERIMA— LS BRI T 7+

int main () {

/) EHRG R

HittableList World;
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Camera WorldCamera;

WorldCamera.AspectRatio 16.f / 9.f;
WorldCamera.ImageWidth = 400;
WorldCamera.SamplesPerPixel = 100;

WorldCamera.MaxDepth = 50;

WorldCamera.Render (World) ;

_getch();
return O;
}
Kb 63: HHBEIRIAMNIZ R[main. cpp]
TERGERWT:

27: INRRAYERBRIA
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10.6 R I 5

Xt <z RS S i, T DAJES — N/ INER ISR R S e 13— N Y i el SR BT L 1A 8 it

FiTEL; ACESHE M DA 4 A O B BRTED b RENLE R — D, FFIEM R T 40

wwET S

L 2

Bl 28: AR ABIR R SR
ERIKBLR, RSTUBARR; XA ZIRNI— MEMSE, ZSEOVERRR+E (FiE
EARFENS) ; PR, NT RIS Lk, ATRESTERE ARG, XA RIE

RIAROZEE R

class Metal : public Material {

public:
bool Scatter (const Ray& LightIn, const HitRecord& Record, Colors
Attenuation,

Ray& Scattered) const override {

private:

Color Albedo;
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RS 64: HAEBMSENEERKmaterial. cpp]

RN WFHZEIE main FEFASEIRIN LB SEC

int main() {

auto MaterialGround = std::make_shared<Lambertian> (Color (0.8, 0.8, 0.0));
auto MaterialCenter = std::make_shared<Lambertian> (Color (0.7, 0.3, 0.3));
auto Materialleft = std::make_ shared<Metal> (Color (0.8, 0.8, 0.8), 0.3);
auto MaterialRight = std::make_shared<Metal> (Color (0.8, 0.6, 0.2), 1.f);

RS 65: WINT BMISEIN B EER IR [main . cpp]

& 29: HMIEE

11. HAT 5
K. BEESAISE GBI RN R AR, Y HOR R IR, SO AR

SHELAIT ST (BB Jtgk; TMERSSRAE RIS 2 FBEVLER:, SRHEZZHE—
AL,

11.1 8%

B DURIRRTES - (AT 58 A RA I Hedenyis, MEBEHE K LibiTh egRt

811



ot NFRANAE, BABESRPRNDIIER, SRR (FIERE SIRIRIME

HWRAE MRS, EREMEERET):

30: FH—BUIHER

B R HVBEERIE S IERAIS? BRPRTEISE A 7E B R SL R A % (HIXMERGERE
HBHY, BORERAPREANIZRAER, WA ZA A ERRERTE; TIENEMNEGTRE

BATENHR, S5SRAZAX

11.2 HiE/ReEfk

LRI A BTE /R ER (Snell’s Law) f1R:
n-sin@=n"sing"
Hh ot o' 2kRBIEMERRA, nfin' (EF “eta” 1 “etaprime”) HHTHER

WS 1.0, BEER 13 Bl 17, 58 2.4); JLAMBRIITR:

31: LA
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N T HEAT ML ITTR, FEMELSing':

sin@':l’~sin9

n
TEHTHTTH LA — AR R ARIRER T, HA 0 AT UG R SRR AN 47,

Hp—MEETR, —MHTTA

R'=R +R]
RS R R IR -
R! :1,<F§+cosé?~ﬁ)
n
Ri=—I-IR.F A
AR A] B ATIERA,

BT cos@ 2 4h, FRANHIE A MG — A AN F R A SRR DU AT RIS A
RERFT:
51-6=|é|‘5‘c039
RS a5 b NafER, NE:

d-b=cosé

R'=—1-|R_F-n

g BFTR, RS —MHE R HIEE:

Vec3 Reflect (const Vec3s& Vector, const Veec3& Normal) ({
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A 66: HEITHAIEEE [vecs . h]

TR MR AT A AR T B

class Dielectric : public Material {
public:

Dielectric (const double& Refraction) : IndexRefraction (Refraction) {

}
bool Scatter (const Ray& LightIn, const HitRecord& Record, Colors
Attenuation,
Ray& Scattered) const override {
Attenuation = Color{ 1.f, 1.f, 1.f };
double RefractionRatio = Record.FrontFace ? (1.f / IndexRefraction)

IndexRefraction;
Vec3 UnitDirection = UnitVector (LightIn.RayDirection())
Vec3 Refracted = Refract(UnitDirection, Record.NormalVector,
RefractionRatio) ;
Scattered = Ray (Record.Point, Refracted);
return true;
private:

double IndexRefraction;

b

g 67: BUBRAEAHHIHE M Pimaterial . h]
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SRIGFHE main BREEIAIYG, LEARRIRIZIDRIBRIAM BT N BEHER I 5 :

auto MaterialGround = std::make_ shared<Lambertian> (Color (0.8, 0.8, 0.0));
auto MaterialRight = std::make_ shared<Metal> (Color (0.8, 0.6, 0.2), 1.f);

9 68: E&ﬁﬁkﬁiﬁﬁ[ma in.cpp]

RATERGERIT

320 UK M RIBHEBR

11.3 24T

AR BEIREREL SR B AKX s — /NI RIUE, R T S R A S A R R
RIBENE/RE R RIS E R, RICARRTRER TS, BRI LB EHR/R EEM
HESHAsInG'

sin 0‘=1,-sin0

n
RN EHBIEN A= SAE (Blyp=15, n'=10):
sine‘:E-sinH
1.0
sin@'BMERATRERT 1, PARLA, WA
E-sinﬁ >1.0
1.0
EAXAMIGDPIMEERAWITI, KA RERFEME,; WRANFIEMR, PR AGEST ST,
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eI SR :

if (RefractionRatio * SinTheta > 1.f) {

} else {

RHS 69: HIWTIELIE A AT DA
TEIXE, FraRCEEB RN, BT ESEIRAIRXIEE B R A EE AP ENER, IR
N “EANRES (Total Internal Reflection)” ; XFR N A BN HUIRRAKHR, KLHE
B — e SRR T
AT AR A = A BRI PE SR HE sin 6
sinezm

cosf#=R-n
double CosTheta = fmin (Dot (-UnitDirection, Record.NormalVector), 1.f);
double SinTheta = sqrt(l.f - CosTheta * CosTheta);

if (RefractionRatio * SinTheta > 1.f) {

} else {

HAG 700 HAWELZE G A A [material . h]

MERRERIIRILT, SRR SRR B -

class Dielectric : public Material {

public:
Dielectric(const double& Refraction) : IndexRefraction (Refraction) {
}
bool Scatter (const Ray& LightIn, const HitRecord& Record, Colors

Attenuation,
Ray& Scattered) const override {
Attenuation = Color{l.f, 1.£f, 1.f};
double RefractionRatio = Record.FrontFace ? (1.f / IndexRefraction)
IndexRefraction;

ZA86 U1



Vec3 UnitDirection = UnitVector (LightIn.RayDirection());

double CosTheta = fmin (Dot (-UnitDirection, Record.NormalVector),

1.f);
double SinTheta = sqrt(l.f - CosTheta * CosTheta);
Vec3 Direction;
if (RefractionRatio * SinTheta > 1.f) {
Direction = Reflect (UnitDirection, Record.NormalVector) ;
} else {
Direction = Refract (UnitDirection, Record.NormalVector,
RefractionRatio) ;
}
Scattered = Ray(Record.Point, Direction);
return true;
}
private:

double IndexRefraction;

}i

KRS 71 WA RSN B R material . h]

RIBIGEN 1, BRI 2 WA BIERARESECRIIL:

auto MaterialGround = std::make_ shared<Lambertian> (Color (0.8, 0.8, 0.0));
auto MaterialCenter = std::make_ shared<Lambertian> (Color (0.1, 0.2, 0.5));
auto Materialleft = std::make_ shared<Dielectric>(1.5);

auto MaterialRight = std::make_ shared<Metal> (Color (0.8, 0.6, 0.2), 0.f);

g 72: HWAHHEN BRI 5 main . cpp]

BRATERERANT

33: AT B
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11.3 A%

HIERBEAARAREE MR R-NENARENRE A, EIER—HET;
BRI EE - MREBHIRTIE, [EREIHEHMEA (Christophe Schlick) f& HiFJ—/
TR 22 WO B L H B KRB IR T2

R(8)=R,+(1-R,)(1-cos8)’

RS E] T 2R

class Dielectric : public Material {
public:
Dielectric(const double& Refraction) : IndexRefraction (Refraction) {

}
bool Scatter (const Ray& LightIn, const HitRecord& Record, Colors

Attenuation,
Rayé& Scattered) const override {
Attenuation = Color{l.£f, 1.£f, 1.f};
double RefractionRatio = Record.FrontFace ? (1.f / IndexRefraction)

IndexRefraction;
Vec3 UnitDirection = UnitVector (LightIn.RayDirection()) ;
double CosTheta = fmin (Dot (-UnitDirection, Record.NormalVector),

double SinTheta = sqrt(l.f - CosTheta * CosTheta);

Vec3 Direction;

Direction = Reflect (UnitDirection, Record.NormalVector) ;
} else {
Direction = Refract (UnitDirection, Record.NormalVector,
RefractionRatio) ;

}
Scattered = Ray (Record.Point, Direction);

return true;

private:

A 881



// Schlick UrHli%

private:

double IndexRefraction;

b

Kb 73 SEEEB M Pi[material . h]

11.5 ZDBEEER

RS BRI B — A R T B AR T2 SRR 12, JURITARRZ 5200, {EERTH

IREARRNM, IXA] AR VR EAS 3R ER

World.Add (make shared<Sphere> (Point3 (0.0, -100.5, -1.0), 100.0,
MaterialGround)) ;

World.Add (make_shared<Sphere> (Point3 (0.0, 0.0, -1.0), 0.5, MaterialCenter));
World.Add (make shared<Sphere> (Point3(-1.0, 0.0, -1.0), 0.5, MaterialLeft));

World.Add (make shared<Sphere> (Point3 (1.0, 0.0, -1.0), 0.5, MaterialRight));

KRG 74 BE0BIEERNZ 5 [main . cpp]

[EREGERWT:
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12. AlENLEEAL

BB, BREAE—RE, RS IR RIEF T &; EekE
BRSO (fov); XEMEDEFIEAE QNS MARE; mTRERRENT, Hit
KRR BT R RAN; REEEARENA, BN RS Es, R
TERTERRR ORI, XU LR A B,

12.1 TRAGHUARA LA

B, REOLERMNERHEETE 2 =-1; A0 DUZFHE z = 2 s H AR P,
AEERE, HERAMEh BOVEIZEE A Hef:

/\y

>

B 35 AP LMETE ()

?%%ﬁh:mﬂgj,EMWﬁ@ﬂu&Em:

class Camera {

public:
double AspectRatio =16.0 / 9.0;
int ImageWidth = 640;
int SamplesPerPixel = 10;
int MaxDepth = 10;

double VFov = 90.f;

£H90 71



private:

void Initialize () {

/7 BRI, SRR

ImageHeight = static cast<int>(ImageWidth / AspectRatio) ;

ImageHeight = (ImageHeight < 1) ? 1 : ImageHeight;

/)

const auto FocallLength = 1.0;

const auto ViewportWidth =
ViewportHeight * (static cast<double>(ImageWidth) / ImageHeight) ;

CameraCenter = Point3 (0, 0, 0);
/) i EENEE u A v

const auto ViewportU = Vec3 (ViewportWidth, 0, 0);
const auto ViewportV = Vec3 (0, -ViewportHeight, O0);

/) HIRFE I S A 2 [ #E

PixelDeltaU = ViewportU / ImageWidth;
PixelDeltaV = ViewportV / ImageHeight;

/) B EARENE
const auto ViewportUpperLeft =
CameraCenter - Vec3 (0, 0, FocallLength) - ViewportU / 2 -
ViewportVv / 2;

Pixell00OLoc = ViewportUpperLeft + 0.5 * (PixelDeltaU + PixelDeltaV) ;

Graphics = std::make_shared<Device> (ImageWidth, ImageHeight);

05 750 A T T AL AR AL

BAVREER — AR, B MEREATERIE, BL 90° BIMLA RMIAIX L3k

int main () {

/) FERATR

HittableList World;

9171



auto R = cos(Pi / 4);

auto Materialleft = std::make_shared<Lambertian> (Color{0, 0, 1});
auto MaterialRight = std::make_ shared<Lambertian> (Color{1, 0, 0});

World.Add(std::make_shared<Sphere>(Point3(—R, 0, -1), R, MaterialLeft));
World.Add(std::make_shared<Sphere>(PointB(R, 0, -1), R, MaterialRight))

Camera WorldCamera;
WorldCamera.AspectRatio = 16.f / 9.f;
WorldCamera.ImageWidth = 400;
WorldCamera.SamplesPerPixel = 100;
WorldCamera.MaxDepth = 50;
WorldCamera.VFov = 90;
WorldCamera.Render (World) ;

_getch () ;

return 0;

&5 76: T ML R[main . cpp]
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12.1 BEHHIE LRI RE A

ZRGEEMA, BLEmE XA, TRERBVIILENCN lookfrom, LWL
HIRARN lookar(FH G, JHRIRIER, FIRUE X— MRS ATMAZME R,

ETHRE M ERIGE REHHIRSshekMazt: BIESE lookat-lookfrom HHEIHER: ;
HWABCHE, BIERSE lookfrom 1 lookar HIAAE, VREISKEMTIART ARG & ligks; Rl

MA, WEEZE-FNREHIEE “MLE" RETTE,

look from

lookat
Bl 37: SR T
FEALRT DAteda 2 (e B R R &, RBEHRSME T EFEATEIA] ; KX LR e
P 5MA T FIERHFE B, SEE T - PEREIERA ERE; RIIBEHSEN
“MEELE” (up) HE; 2SR XEMRRIAAHEE, RIIER T — PR
EREE (u,v, W) SRR GHLAY 771, Horp u KRR R LA MR A &, v IR emiR

B LT RIS AR, wRSIET A RIBRAEE (RARSEREGFRR), PRA

TR R BIRENLHL,
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look from 'y
u w N

lookat
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~

' lookat
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Mz ai—FE, SEZERENHAN-Z K, EERAREIHR —w; HCEATL (N2
TR A (0,1,0) KI8T vup; IXFEMURYTE, M EAEIRIVE 2R RIGHL A

A, AT DUMR B R RIS RS LK :

class Camera {

public:

double VFov = 90.f; // HEEMA (HE)

private:
void Initialize () {

/) BRI E I H RS Yy —

ImageHeight = static cast<int> (ImageWidth / AspectRatio) ;
ImageHeight = (ImageHeight < 1) ? 1 : ImageHeight;

/) AL

const auto Theta = DegreeToRad (VFov) ;
const auto H = tan(Theta / 2);

const auto ViewportHeight = 2 * H * Focallength;
const auto ViewportWidth =

ViewportHeight * (static cast<double> (ImageWidth) / ImageHeight);

/) T EEA R u Fl v
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[/ HIRZE i A 1 4 [

PixelDeltaU = ViewportU / ImageWidth;

PixelDeltaV = ViewportV / ImageHeight;

/) A EARE R E

Pixell00Loc = ViewportUpperLeft + 0.5 * (PixelDeltaU + PixelDeltaV) ;

Graphics = std::make_shared<Device> (ImageWidth, ImageHeight);

—

public:

—
~.

Kb 77: AEMHIE MGk [camera . h]

UIE Z AR, R FTRILA

int main() {

/) R

HittableList World;
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Camera WorldCamera;

WorldCamera.AspectRatio = 16.f / 9.f;
WorldCamera.ImageWidth = 300;
WorldCamera.SamplesPerPixel = 50;
WorldCamera.MaxDepth = 50;

WorldCamera.Render (World) ;
_getch();

return O;

a5 78: MR main . cpp]

[EREGERWT:

K 39: Bk

X AT AE A7 £ -

WorldCamera.VFov = 20;

RAS 79: HXEANIAf[main . cpp]

FEERGERAT
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13. B4R
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HIMHLARZ IS IR AR, RRNENEE AR MAMUUREHTL) *
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13.1 HIEHLE

HIERTENE —NERIBEk; M TEREGHINE, o] DIERIXHERIT : RS, 5
k. Ot BEE, AIDAHRHSSREARME, FETREMEEG (BERERA LRHRE

IR SR, B A Esa ol

REEV-H

4t

N
- ommom -
N4

B 41: MNLEEE SRR
{ERBATERLIREHAMEUEMIBL— N TERREIINIER, XEERALER
B Mk, TEESMN—NERAMERY “Bi3k" KLk, RERCSa M T
b (B#3k FocalLength 1) AUMHXRIRER, FE=4EHRH, % FHEH _ ERATEYRER T 25X
FE[,
FESEPRA, R ORI NP SRS — A
g LA
L AP S REAA 7T AIER
2. MR R RBAL L5 T Z (Rl R
3. MAMTRAFELE, DREHIET RRENHL
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5. M EIER R B B XIS VLE R B G A N E
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6. TFHIMNBEL LRI A SHEL, FdHEBEA N E

7 F BRI RE AU AT T

B

& 42: HEVINEHE

13.2 A ARAEA GTER

TERERERNEN T, FrESRERER BREHLFL (8 lookfrom); HT
SCINEY AR, FEME—CUREBHLHROAEORER; R, BUEEMAIREER
e I DUESHIRGHER R — N EERT GELRER) MESERA, WG
2Bk BRI (lookfrom)

A2, BERNIZAZR? HTRXANEENRNMEHIESEEMRERE, HEN%
TRGHEN—ANSE; 7 ASBEIERIERRIGY IS8, ERMEESRSEER
ARETEM; — MM R SECRIEE AR AR, TR TRAHD, KR @
&) MTFRENAL, XFEREEAE RS EEEN, MERSEM—,

ERA B R PRI, TE— D EBCRSEMIX —#1F: RandomInUnitDisk

BKl; 1%PK%5 RandomInUnitSphere PR TE[REESERAME, NILE2W NEEXH]:

inline Veec3 UnitVector (const Veec3& Vector) {

return Vector / Vector.Length() ;

inline Vec3 RandomInUnitDisk () {
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while (true) {
auto Point = Vec3 (RandomDouble (-1, 1), RandomDouble (-1, 1), 0);
if (Point.LengthSquared() < 1) {

return Point;

A 80: A — MRS BB [vec3 . h]

HUfE, SREFREH, IERMBEELH:

class Camera {

public:
public:
double DefocusAngle = 0;
double FocusDistance = 10;
private:
void Initialize () {

R, HH GRS

ImageHeight = static cast<int>(ImageWidth / AspectRatio);

ImageHeight = (ImageHeight < 1) ? 1 : ImageHeight;

CameraCenter = LookFrom;

const auto Theta = DegreeToRad (VFov) ;
const auto H = tan(Theta / 2);

const auto ViewportHeight = 2 * H * FocusDistance;
const auto ViewportWidth =

ViewportHeight * (static cast<double>(ImageWidth) / ImageHeight) ;

UnitVector (LookFrom - LookAt) ;

UnitVector (Cross (VUP, W)) ;

V = Cross (W, U);

RN E u f v
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const auto ViewportU = ViewportWidth * U;

const auto ViewportV = ViewportHeight * -V;

/) HIRF i S A A 2 [

PixelDeltaU = ViewportU / ImageWidth;

PixelDeltaV = ViewportV / ImageHeight;

/) HEELABREFENNE

const auto ViewportUpperLeft =

CameraCenter - (FocusDistance * W) - ViewportU / 2 - ViewportV /
2;
Pixell00Loc = ViewportUpperLeft + 0.5 * (PixelDeltaU + PixelDeltaV) ;
Graphics = std::make_shared<Device> (ImageWidth, ImageHeight);
auto DefocusRadius = FocusDistance * tan (DegreeToRad (DefocusAngle /
2));
DefocusDiskU = DefocusRadius * U;

DefocusDiskV = DefocusRadius * V;

Ray GetRay (const size t& X, const size_t& Y, const Vec3s& HeightVec) const

/) MOET (X, Y) HIRFSFFIIR—TFEPLRFF I
auto PixelCenter = PixellOOLoc + (static cast<double>(X) *
PixelDeltaU) + HeightVec;

auto PixelSample = PixelCenter + PixelSampleSquare () ;

const auto RayOrigin = (DefocusAngle <= 0) ? CameraCenter
DefocusDiskSample () ;

const auto RayDirection = PixelSample - RayOrigin;

return Ray{RayOrigin, RayDirection};
}
Point3 DefocusDiskSample () const {
auto Point = RandomInUnitDisk () ;
return CameraCenter + (Point[0] * DefocusDiskU) + (Point[1l] *
DefocusDiskV) ;
}

public:

std: :shared ptr<Device> Graphics;
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int ImageHeight;

Point3 CameraCenter;

Vec3 PixelDeltaU;
Vec3 PixelDeltaV;
Vec3 PixellOOLoc;

Vec3 U;
Vec3 V;
Vec3 W;
Vec3 DefocusDiskU;
Vec3 DefocusDiskV;

KAS 81: AIATIRIR (dof) HIMHWI[camera.h]

£ main PRELFFIRE/EHKRICHE:

int main () {

Camera WorldCamera;

WorldCamera.AspectRatio = 16.f / 9.f;
WorldCamera.ImageWidth = 400;
WorldCamera.SamplesPerPixel = 100;
WorldCamera.MaxDepth = 50;

WorldCamera.VFov = 20;
WorldCamera.LookFrom = Point3 (-2, 2, 1);

WorldCamera.LookAt = Point3(0, 0, -1);
WorldCamera.VUP = Vec3(0, 1, 0);
WorldCamera.DefocusAngle = 10.f;

WorldCamera.FocusDistance = 3.4;

WorldCamera.Render (World) ;

g 82: RN F MG [main . cpp]
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14. #% FRBAT242

14.1 BJaBIES

LER(R AR BEE (—HEREVIAERIR) RIERHK:

int main() {

HittableList World;

auto GroundMaterial

std: :make shared<Lambertian> (Color (0.5, 0.5,
World.Add (std: :make_shared<Sphere> (Point3 (0, -1000, 0), 1000,
GroundMaterial)) ;

for (int a = -11; a < 11; a++) {
for (int b

= -11; b < 11; b++) {

auto ChooseMat

RandomDouble () ;

Point3 Center(a + 0.9 * RandomDouble(), 0.2, b + 0.9 *
RandomDouble () ) ;

if ((Center - Point3(4, 0.2, 0)).Length() > 0.9)

{
std: :shared ptr<Material> SphereMaterial;

if (ChooseMat < 0.8) {

auto Albedo

Color: :Random() * Color::Random() ;

std: :make_shared<Lambertian> (Albedo) ;

SphereMaterial

World.Add (std: :

make shared<Sphere> (Center, 0.2,
SphereMaterial)) ;

} else if (ChooseMat < 0.95)

auto Albedo

{

Color: :Random (0.5,

1)
auto Fuzz = RandomDouble (0, 0.5);
SphereMaterial = std::make shared<Metal> (Albedo, Fuzz);
World.Add (std: :make_shared<Sphere> (Center, 0.2,
SphereMaterial)) ;
} else {
SphereMaterial =

std: :make shared<Dielectric> (1.5);

World.Add (std: :make_shared<Sphere> (Center, 0.2,
SphereMaterial)) ;

}
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auto Materiall = std::make shared<Dielectric> (1.5);

World.Add (std: :make_shared<Sphere> (Point3(0, 1, 0), 1.0, Materiall));

auto Material2 = std::make_ shared<Lambertian> (Color (0.4, 0.2, 0.1));
World.Add (std: :make_shared<Sphere> (Point3 (-4, 1, 0), 1.0, Material2));

auto Material3 = std::make_ shared<Metal>(Color (0.7, 0.6, 0.5), 0.0);
World.Add (std: :make_shared<Sphere> (Point3(4, 1, 0), 1.0, Material3));

Camera WorldCamera;
WorldCamera.AspectRatio = 16.f / 9.f;
WorldCamera.ImageWidth = 1500;
WorldCamera.SamplesPerPixel = 500;
WorldCamera.MaxDepth = 50;
WorldCamera.VFov = 20;
WorldCamera.LookFrom = Point3 (13, 2, 3);
WorldCamera.LookAt = Point3(0, 0, 0);

WorldCamera.VUP = Vec3(0, 1, 0);

WorldCamera.DefocusAngle = 0.6;

WorldCamera.FocusDistance = 10.f;
WorldCamera.Render (World) ;
_getch () ;

return 0;

RAS 83: EJAMM R [main. cpp]
FE, ERRESREARBEIREARER, RRHEERERIZESN 500, RERERS
HIEIG, TRERNESERE; RO ERARERN 100, DAMEEFZMRIEEEFLR

Fr A ERBITI AL

10651



XRRARIEGIR

44 BRI

RATRERTERE —FE BRSNS, B2 REAIY, RILEMEEREGRER
FEZEH; ZIHFAR IR, AREEEPIRRDEEBIHR, EMEHLHEEREE R
A, TEERRIIN RIS SERFER, BEEER T ABRE LB — 2R IR 2 e LM it

#E, HARZRZEHNHFTH, MARBEEE T,

10701



LB

Original Manuscript Help

e Dave Hart
e Jean Buckley

Web Release

e Berna Kabaday!
eLorenzo Mancini
o Lori Whippler Hollasch
¢ Ronald Wotzlaw

Corrections and Improvements

e Aaryaman Vasishta
e Andrew Kensler

¢ Antonio Gamiz

e Apoorva Joshi

¢ Aras PranckeviCius
e Becker

eBen Kerl

e Benjamin Summerton
e Bennett Hardwick

e Dan Drummond

e David Chambers

e David Hart

e Dmitry Lomov

e Eric Haines

e Fabio Sancinetti

e Filipe Scur

eFrank He

¢ Gerrit Wessendorf
e Grue Debry

¢ Gustaf Waldemarson
eIngo Wald

e Jason Stone

¢ JC-ProgJava

e Jean Buckley

e Joey Cho

¢ John Kilpatrick
eKaan Eraslan
eLorenzo Mancini
eManas Kale

H10871


https://github.com/bernakabadayi
https://github.com/lmancini
https://github.com/lorihollasch
https://github.com/ronaldfw
https://github.com/jammm
https://github.com/antoniogamiz
https://github.com/aras-p
https://github.com/dafhi
https://github.com/mu-lambda
https://github.com/erich666
https://github.com/celeph
https://github.com/xaldew
https://github.com/JC-ProgJava
https://github.com/rjkilpatrick
https://github.com/D-K-E
https://github.com/lmancini
https://github.com/manas96

e Marcus Ottosson
e Mark Craig

e Matthew Heimlich
e Nakata Daisuke
e Paul Melis

¢ Phil Cristensen

e LollipopFt

e Ronald Wotzlaw
eShaun P. Lee

e Shota Kawajiri

e Tatsuya Ogawa
e Thiago lze
eVahan Sosoyan
e Yann Herklotz

e ZeHao Chen

Special Thanks
Thanks to the team at Limnu for help on the figures.

These books are entirely written in Morgan McGuire's fantastic and free Markdeep library.
To see what this looks like, view the page source from your browser.

Thanks to Helen Hu for graciously donating her https://github.com/RayTracing/ GitHub
organization to this project.

10971


https://github.com/mrmcsoftware
https://github.com/LollipopFt
https://github.com/ronaldfw
https://github.com/shaunplee
https://github.com/estshorter
https://github.com/ymherklotz
https://github.com/oxine
https://limnu.com/
https://casual-effects.com/markdeep/
https://github.com/hhu
https://github.com/RayTracing/

