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BIEAERFR ELFIER

1.1 8%

ARHEIRNERBRESHNNERA OB T —BKEFS LE, BNETKFRT IUER
REEH-IHGRERN, X NKBRES T —MRASR, BNTUERFEN—
N EEBABEX TR

B 1-1 — BB RERHBEIHTA
BATTIUER — DD EAUNT—HRA, BRINBERAZE=FNMIEEE— L
TTU—ME R, BEESENMREPEN/NTEERL LED B4 2EIER/NT, Hfihzk
BNRESA—ER/T, b LCD BREEBE KB mERZH RGB R/ Nt YRS,
CRT B /a8 M@0 B8 F R AV E R IE HI BARS, (E2/RIBEE R A kRR<HE)NRE
R UERE LETRERENNER,

L2 BERIIRER

Khr LRSS RES L, GRENHSIDESTER, RT TEREA FRIMAMNER
Ht AR ITE.

l=l=l= NN DN
I-I-I- nn Fnn
I=l=l= 11111 IIIIII

1-2 b REHSITRE T BEXHEE
EARRSEL, &NNTROHSITREARREN, BN RUEXERRFEMER AL T HEHIX
MR FR(UERBHERES):
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FERFPRRE— 646 KINFEE, MEFRE—MERER, 8MREE8—1H4
FE=NTARNETENE 1-3 FPEOLNEREMR). XHETNBIEFHEZMRE
RCBIEM=ZRB AL ZE=MI)NTERAERARNEE. BEERFE L RIMEALZ LR
EARBLIRES, AN XMIETE, @ TAYHMESR. XBETRENEZESETS. A
HARUETBIENRS, mEED Y BWIEFE
e? XEFAAUBEESEA CRT BRasfIfHE,

X B AR T R E SRR L E AR I
ERFERE XEBTREMNBREENBTFHRS | < | N
BHHHRN, ZHENTAXMEFRBAES— B

MAKRB R, XEARMMEEFE. MBFHE “
PR S RA XL FH R A RE LB ETERZ
B—EmEEHREE EE 1-4 R £F%
HEMNERAE# K REEEXNFHBZNET
—THRZEL, BRMNER AR, XREATA
BREARME ERAARRS, BAAXIEAE, [
TAHYIEAENERT, FEFEE—REAER
IRz AL . FRELLT 720P FEMHEEF
BH 720 £1H%k, HF P 2 Progressive RS . 1-4 AL TEE

1.3 B EHIA FMER R KR & A R %

BTMTRMEEFS LHE TR MXFFRRBEE —MMERERERM, HMNR
BEEHSNMENPREER T AR RNESE.

A 1-5 fror, BNBEEFEERELAAMAII—LERER
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L4 BAhEflREMER K

BMESSMERREETREANTTE, BNEAFV. ERETAEEERR. WM
FEXFHNE, thERdRHEIEERRITESMENZERETL2AENTERE
TRk — R ERITES RCB RE)RAEHK —RBEENER, ITEVERRZTBREESS
RHE S A AP RIERFLHER,

7 1987 £F IBM 2 T —Fhnyfi VGA(Video Graphics Array) B B ~¥r4E, VGA 3% APA
EHEANFHAERNFEMERER, —RERLT VA BHISNEFS WIS EI N IEM
0xA0000 Z| OxBFFFF A9IXEZZ=[E]H, FA1TMBITIEE VA HHISNE LT FRERTH
EARERET, HH 0xA0000 2| OxBFFFF 13X B 2= (8] %% FA T B2 B 7~ 423X, 0xBO00O Z| 0xB7777
XE=EEATREEFTE RE, 0xB8000 F OxBFFFF # TR &R, VGA 12H88
THETEREEAMERNINE, SRRFELIENE—NMENEENR, BAMESAER MR
RERE, NEhSHRNEIFR L.

7 windows HE AR AN IR IT T s, FTIAA P RENEFA— T
&2 0xA0000 b8 7E, FFE oI HE 0xA0000 49 EEFUHBHEAR—E XS R & 0xA0000 HY# IR
Hk, FrIEAIAREERE windows RGP EEERXBNFRLIABERENMEENTAE, &
windows FIBEHEBA— LRGN E BRI APl FRELIIEMERAER. Linux
TEE UM & & (FrameBuffe) l9ZRFE, XMEEE VA BEHFEMN—BRE, HiZE
HXMEERTEETMAZEREFNNR . ERIENEREESEEELAMNERTE
REFHITNRE, BEREEMEIBTEEMELMNT L, GPU HEFBTEERNER
MARREL AP BAAER, TR RUER—L APl REDSCILE S ThEER T 15
£ . 7E Windows A1 0T A A GDI.EasyX E#83% &, T7E Linux AT A#F FrameBuffer
FEE—EHMERNERE LEEMEEINEE MEXRE—LHMELL SDL. QT %
EEZETMNELEFER, B2MMNERERITRAIEZ.

1.5 Windows 1 Linux FHIFEF Sl

AT HLBMNHRBIEE, {17 EasyX k7 windows SLHLFRAYE S I8E, EasyX
T —EHMYE, BEREAXPTRMNENAER, M Linux BATESER FrameBuffer
K, FEBMNEE NI EERTEREFEH. HXKBEE chapterl/Windows F1
chapter2/Linux &,

1.5. 1 ffif EasyX 52! windows HI1% &£ 2

AT LIS EasyX FIB R https://easyx.cn NEERBIF(ISLIAE Windows TR
FF& . EasyX 25X C++ MEFEE, o IESE) C++¥1EHRE E FEFMIERRE, EasyX
MZRREE, RERELEEFSTT—HRIT,

HANELI -1 A GraphicsDevice Y2k, XNEMATERERRENEAEENE
RINEE. BIEMERBTRLEEOMNEIE, ENWREFTMEER DMNXARLK, [
BYSEIL T E R R 3K SetPixel, ZEXNEREF, FAIX Y LiR#HITT — Mgk, FEFSNER
BNELRTEATETA, XHEFERIMNNBEFERIMR.

EATT
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1.5.2 {# FrameBuffer SZH Linux P14 E 2 H

7E Linux B2, RATERME— Graphics XA RRSNEBNESE, B2
BEAIMAELE Windows BB AR, TEEZEMZ, 3F root AR BNBRFITH Framebuffer
HE, FHFHEERT Ctrl+Alt+F1~F7 YRR 2L E A EERIE T FrameBuffer 3R B

7&0

1.6 CMake Ffaj 2o fdi ]

BARBREEMEECE. BRMNESE5FEaHEXN, FENEMEXEEMF
BRI, FTPUXRE(MEA CMake K EEMB R, XHEEARFE TTIUBNIE
NN AXHEEHkK, BINRABEMMEBEESHER T, FAIHE GraphicsDevice BA[ESE
ILALTE platform\linux 1 platform\windows T H ., &% VS Z/ES BT CMake, EIMBRIEIE
WA A B, BAMEAEB BREMIE WARAFERE B BRHIT CMake ARIT], 1 &
TMAE C\code\src\chapterl F1, FAEZEZAE C\myproject FAERIE, BMNRFEROT
HRERD T

CD C:\myproject

cmake C:\ code\src\chapterl
XA U C\myproject TR 7 MRZAE Windows T, M HERLsIn X, WX
MXHRNEFTHBALR, BATNERINMEATREE T =1 WA

] A= DrawPixel"(Z 3 AHE, £ 3-0
b B ALL BUILD

b % DrawPixel

b [ ZERO CHECK

1-6 BARARTE
Hrp ALL_BUILD #1 ZERO_CHECK XN H & cmake BaiE A, HITERAAR L,
FrIAFRATTT INERNE T E £, 40 DrawPixel FEATRIR, REEFR A BEHINE D
oE A VS IR BAINERF. 7 Linux tEFAHLEREE, %A cmake BB, RES
7 B AR B ZEAEX makefile, SREHI1T make RIT 4 B ] #0147 X 44 DrawPixel,
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FoE BEEN =A%

ERELETHNEEEZREDBRNERNT SR, ZERIAE=AK, U=, % AFH
AR AR NEREE S RN STNR. SHAHE F—STRNELEANETT, &
ERSHEMNNBELRAM=ZAENEH, BMNENEBEZRXNEEZNE
lib/GraphicsLibrary.h 1, XA HREN T —EAIBEMAEE, BARHTIMER T T
GraphicsLibrary.cpp #,

2.1 LRBU 2t

LBREEL IRAZEHRAED, AIINENEEZLEFLRFTEMELERNT N5 S
P1.P2, EAMLHIELZFREM, XBERIAFENNE—T DDA Bk, DDA EiERZ Digital
Differential Analyzer BfE#R, BITELH x HF v MIEEREH ELN—FE X,

R 2-1 9, BNERSLLH—DM PL01)E] P23 4MIZER, FTMEITELR
BY BEE X AELrgE, RIEY XEELL 1R, YENELEL, REERNLSHT

, S = s . N 24-p1l
— B, & X=X VYAV, RIIR, Y4 X T AR R R B Ry = T =

o= 1, BNELHIERA0L), WTF—EX=1 8 Y=1+1=2, FORAHIBILEEHTHAK

%G, FARBREERE LN A:
DrawLine(P1,P2)

{

dy=f}%&

ZE=X{ENNS —

X=HC B X

y=iCmy

for(\E2 =i x BI& S EA x, x fRRAN 1)

{

227 (xy)
=v+d _

\ e 2.1 HERASITEE

}

BRMNRHRNER LIRRIDLHMR(0,1)E]R(5)HILER, 5t
SR, ERE>1HE k<-1 1, SHMEBERMEHNIE, 0F
2-2o XREARNEXRTF 1 HF//NT 18, 7£ X B0 1 A9RHE, Y
ERNELEBLT 1, e E— P RAREER. FriFNT MK
H—T EEAREE, FAEEMER dy K56y 58, HEERH
Elk| < 18, BADAFERLREE, BEHk| = 1K, HINTE
HXEY FEEMEE dx, & X=X+dx, Y'=Y+1, XHET IR
R R RAY (o),

2-2 WIEMZER
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DrawLine(P1,P2)
{
f(RIREIENTFE— 1)
{
dy=R}&
=X E/INR
X=HE A X
y=HEA Y
for(MIE =AY x BIZ2 S VB x, x MRIN 1)
{
22%(xy)
y=y+dy

else

dx=1/8f3%
Ea=y BEIR
X=X X
y=HE Y
for(MEER MY y Bl R MEy, y AR 1)
{
Z2THI(xy)
X=x+dx

}

}
AL lib\GraphicsLibrary.cpp 9 Drawline &%,

2.2 ZHAEHIZH

EREZT, AFEZERAEZBRAETINE BREIMINENESRS—1 3D B3 s,

BEET =AY, MUXETNRARE L =AF
B, ALH=ATEHNEE RIMEEZAREREER
BENBE, FFRERBK.

BV AERRZFS BN REFH=AF, AES Y
EEXEE 1, ASTAREG LELT=AEN—&2. %
B=AEN="TRZR Y EMNNEIRHEF AP Py, P,
RIRTEP PyX &1L LERE|— =P, EEPHN Y EFTPRLHNY
8, REHEMAP,. P XEXP,. P#H{THF, £15P.x <
P.x, RFER— "= AHEEBRER LR TTED BB AN EL

EIT
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M=K, EHFZEA PPPAIA PRPRRHITEMT:

/I T¥Ih=AFA%LS
dx_left=1/P, P, 3R
dx_right=1/P; PL&3&
sx=Py.x//FABLES X &
ex=Py.x//FAEHE S X B
for(MPy. yEIP,. yESGA y)

{
//sx B ex 10 H LN —E
for(M sx E| ex B9 x)
{
22 1H(xy)
}
sx=sx+dx_left
ex=ex+dx_right
}

/1 E B =A%
dx_left =1/P,P;§} 3K
dx_right =1/B P33
sx=P,.x//Hi%&iER X E
ex=P.x//HAMZ%E S X &
for(MP,. yE|P;. yES A y)

{
//sx B ex 1HE FHRBZN—HD
for(M sx E ex B9 x)
{
2H(xy)
}
sx=sx+dx1
ex=ex+dx2
}

FRAN=AENEFRBABIEHEHERN, BNTUEENEIF—THIAE:

L

=




3D EEFFIAL %

DXleft=[1/P1 P, R, 1/P, Py N/ /TF o iD PR 210 ORI R B3R
DXright=[1/P; RA}ZE, 1/P, PR/ /7 A A P 50 AR R B4
Start_x=[P;.x, P,.x]
End_x=[P;.x, P.. x]
Start_y=[P;.y, P5.y]
End_y=[P,.y, P5.y]
for(int i=0;i<2;i++)
{
dx_left= DXleft[i]
dx_right= DXright[i]
sx=Start_x[I|//FAfEL&iE S X &
ex=End_x[i]/H3&%E 2 X &
sy=Start_y[i}//= faf a4k
ey=End_y[i|//= A& RAEL
for(M sy Zl ey B9 y)
{
//sx B ex tHE THBZN—HD
for(M sx E ex B x)
{
22 H(xy)
}
sx=sx+dx_left
ex=ex+dx_right

}
}
REEENTTE BNELTMUTER=AFNES, ERE —RREMR=AFNER
A0 /A, RMNEBEANIZAHZXAN=ATN, FUFATEFTEIB NN = B ERAHE, &
= AIITIR LR P1, P2, P3, ﬁﬂlﬂuﬁﬁﬁﬁﬁﬁ%mf’ﬁﬂarﬂéﬁﬂpl—éXITP;, [a) B X 3R Zh5

ROEKEA=AEERAAE. BAXRNBE N EEE=4EEE, IXBMNBE LR
A, WRERSM x. y MiENLITH, EETRSEIMEAN 2z B TFLER), XHREN
AAFRE(XY) LR TR (xy,0), BRI N TIHE AR

b J K| pyx P2y P2x«P3y+ P3xsPly— PlxsP3.y—P2.xxPly—P3.x P2y
S=—0 X— =|a a, a,
PPz  P1P3 bx by bz 2

EERa=—, b=— EMARHEHROBERTLOIRM, Hix M ERBM

WEEER, EEER=AFIRNNERSEENNMBERER. RABRNIAFTEHEE
REEET 0, MUBMNATETEMNSE 2, XHTRURD—SitE, FriAREHIIE G
A
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if(P1l.x * P2.y + P2.x * P3.y + P3.x * P1.y — Pl1.x * P3.y — P2.x x P1.y — P3.x x P2.y)==0)

{
MAAR=AHLET

BNEATENREBFESHRE, FRHNBEZEER, TR XIXA
mA==0 fE A HBTIkIE, 0 452.625 + 186.37499999999997 + 239.625 - 452.625 -
186.37499999999997 - 239.625, FATHAMRMBREEELERET 0, FANE=/11N1%L
MEBM=RE—H, AMATENITEA A 2.84217e-14, FrIAE—NMEREMNE
T A ZENZEENTFEMER, BNTLUAARXMNMEZSHEFT A, LRREEFTEEN
A

if(abs((P1.x * P2.y + P2.x * P3.y + P3.x * P1.y — P1.x * P3.y — P2.x * P1.y — P3.x * P2.y))<¢)
{

WA AR= BT

#R4E IEEE B94RA, double MIBERIEE N 1e-15, FrIAHIA1MEA double R REFRAIAS
&, FERADAYeEEe=1e-15,

ERHRIBERBAER TEHEERNLH H—N =T, BRE—LHRERT I8
SEFBHE=AFSEEMNERER, WTE 2-4 ik

(3.5,2.00001) [ (5.05.00001)
5425, 99h99)

(0,0)
E 2-4 FEFZIDRRFERNGIER
MR=AFNEZDNEFRN, BATELRE dx K, 0 EEFRH ab 18
dx=-37500, i1 ac IANIAF] T dx=40000, B AN ELH = BEE —FHARLELLLRIER,
LEPRLH T —&£PAREN, HIT

{sx =sx— 37500 = 4.25 - 37500 = —37,495.75
ex = ex + 40000 = 4.25 + 40000 = 40004.25

X Eﬂ%ﬁﬁﬁﬁli sx M ex WITBH 7T =AeE, BEEBY T RECHE. T EE%K,
BUIRHE sx ANTF 35, ex RATF 505, FTIUFUNEEAE L EARABHITIES K sx F ex
PREE=ABISCE N KB AFIERE,

1001
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DXleft=[1/P1P,fK, 1/P, P K)//fF I ZE 10 P 40 R R 3141
DXright=[1/Pi PR, 1/P, P ] //T7 A 18 T8 510 B RR (EI%
Start_x=[P;.x, P,.x]
End_x=[P;.x, B.x]
Start_y=[P1.y, P.y]
End_y=[P,.y, P3.y]
edge left ex = [ P2X, P3X | //ALREHIALEHRE x &
edge_right_ex = [P_X, P3X];
for(int i=0;i<2;i++)
{
dx_left= DXleft[i]
dx_right= DXright[i]
sx=Start_x[I|/HE& LS X &
ex=End_x[i|/# 3% %L = X &
sy=Start_y[i|)//= A iEH#E%
ey=End_y[i///= A& RAEL
for(M sy Zl ey B9E1y)
{

//sx B ex HE FHBLN—E2
for(M sx & ex B9 x)

—~

2LH(xy)

——

sx=sx+dx_left
ex=ex+dx_right

CANI
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Elt, AL ITEE LM, HEARIIAL lib\GraphicsLibrary.cop H #Y
DrawTriangle2D %L,
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33 HOAREE

3.1 #HfH
LA E A — L AR FZ A ARIT R RORIRE, RSN RID R R A SR TR
XTI BIEE. IR TEE AE0, FIUESIEE TE 3-1:
1 ? 8
A P B
01 2345673809 =%
3-1

BRRBNE—RBHMEERMSATB EMRANTEEAL BRNREEANS A
PHREEAZD? I ERMNTE—PREATIRCEME V LR X HXER. R
BVMXZBEMEEAR, BIVRTXHREH: V=aX+bXFMH—RZM, WHMNRE
SR —KXREMNTE 3-2 Fros:

\%

i (5,8)
N B
7
x=3
A p
2
A
b
0 2 3 4 5 6 7 8 9 X
3-2 L MIR{ERE
EMNITURASHITEH R PRIV ENR:
v, —V, 8—1
Vp=Va+(Xp—Xa)xXb_Xa=1+(3—1)x5_1=4.5

XMIRYE AB RSB ERTUN P /B MEMKUERMUEIRE, FEIUNENERE
RPN —REMABRERE, PGS MREE. FE ROTUERRYL. SEF
RE TR E, WANMNBRETTE B ZEENNEEEE. THE 3-3 TEMNEERE
AR EGRERNER

Ve
9 —
8 ;:’8)
7
6
5 P
4 X=3
2
A
T
0 2 1 g 9 X
& 3-3 KB AYIR{E R X

130T
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3.2 E.OABFREE

3.2.1 —4EE O ARG

BMENE—T—#HBERTHEOLER, ATE 3-4 frox:
a b

—

m1:6? | ?m2:14
10
3-4 FILAIR
BENECHE—EZ=EER NS, WEAEEHN 10, AMESNEEN 6, A0
RRHRER 14, MERA—REERENBITFRKELEE, KX NPHENEOME, BAHR—
MNIEB, BT MRBEMABEEXANEE, BAmRaNREZEAR 3/7, FKA
10, FrFE = ONNENIZARBLNRS 7THVE, ek LR 3-4 %, a=7,

b=3, HMNLEHRA, BUMREMRBLLENERX, 7% LE3-4 PFEENTHXERS =
2 HRBIEATK (7 a 5 b TUREBONAE. B, BORNBET B 0L
SRR M, BIRREm fim,, BERESHS =2 BRE M=20, WITLHESH

3

ml = 6\ mz = 14‘0
BREBNLTERE M=1, CRERANREAMMNNONE, BNRTUEE— B L
IR P BHENEEAR V, =Wy XV + W, XV, GFE 3-5 7k

a/b=7/3 a/b=1/1
a
Va=0 ——— 7T — V=10 Va=0 —— "= V=10
W.=0.3( . I W5=0.7 W.=0.51 I IW=0.5
3-5 BLAFREE
BEAWSBEMEV 2734 1. 10, @RREM=1, EE 3-S5 ELH, SPHNEN

a/b=7/3, M#B%m, =03, my, =07, 1, =03x0+07x10=7, , EEEFNEmM, =
0.5,m, = 0.5V, = 0.5% 0+ 05x 10 = 5,
MRFBNMEFERP, . P,AN P (AR, FME TV, Vo, WV, EOAFREENERS:

VR S Ak SR
= — % _ %
PUP—P PP
NI .+ P—P . P—P; . N A N
T ERAR PP B W, = AP, B Ew,, FEws +wp =1, ZIAMART

X BEXTP, P, NERAS = P #E179H{E, FE Y P R7EP, P, N ERES B HERE S5 4H1E .
3.2.2 THEEOALBRIEE

T HIERTE O RIRFI— 4K, T E 3-6:

1471
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3-6 ZAMNELDL
BRREZHFE EA=/1Fm ABC, =1"TREMNET abc EfH— =AM, abc
AT ABC B9xti, HERED A Ama. mp. me, BAEKREED P BRI URRGE]
HER BMLa P EMN=AF A Aa, BHNBFAbFAC, FNFEWTEFER

Sa
S
Sp
s
Sc
s

1l
SERSERSE

HepS,. Sp. ScmalALa. Ab, AcIEIR, S AAABC FVEIR, M = my + my, + m,,
BAEZRU—EEOHEMNTE, RERNEMED P H2ER, @ M=1LU=/ME=/AFK
MEREEE=AN TR ELL, R

Sa
W=
W, =2
SC
=3
FERN=fRAa. Ab. Ac WEIREAF T IXBUE, BATNTIR A FlAa k35115 R,

WMTE 3-7:
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3-7 BrE@ER
BMNITROAAZAENEREEAEN, BREBENA A NFHEES P PAAED W
B— AR RS, > 0, X P AL a (IFMAESS, <0, EEF YL a 1 PL BRI Aal &
FRAE, Aa2 EFRAR,

3. 2.3 EOABFRAE(E I A4

BMNETAE—EMENEOLIMEERRTURIR, SREER P E—FELLE

AT, TRAINER P AR B L MAEX, 0 TE 3-8 Frox:

B

Y

/N

/ \
/ \
/ \
/ \
y \
\
/ AN
P1 Pz P / AN
- - — — -9 — - — — — — — L4 / A%
A b // Q’N’ / a \
¥/ S C
/
/ Q\ / - /\.
/ o=
/ "
y - -/

3-8 EOAIRRERENZEEL

EIAAEEMEAEEFE A KX TP Pyo PAEDBIAW, 1. Wy W3, IAREP, — Py =
Py — Py, WEW,, — Wy = Wys — Wy, BAN=AREMNAREANP SEEL FHVED
EEMAEXN, T ERERNTF=AFPN B mE C SEFNY, HENRE= R
BHED B AV Vpou Vps, BEFEREV, —Vpy = Vps — Voo AR RMR—NEEE
—&EH% FREAMHITHN, BimEFEARCAIMEENEBTITE, MEEEL L&
BEMR, EBOAFHEENLZHEESSFNMN. NERFETLHESISESER, NE=4%
ZigHg, AN HENTISRE— N =%# BA—M 5 P R=R#I3 NN N1,
TS @A =t AR ENEZ L.
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3. 2. 4 ELLoARKRIE (E LM AR 7 AL AE

THE=ZATAREANZEERILRAR, MEOCLFRENEREEL EREMTU,
PR IABAT o] DU B/ A Al B R R R S A IR R 2t 178 (E, N T & 3-9 Frr:

Vb=Va+ AV,
n+1
n V*

VC — Vd+ AVCy

3-9 BUAREEMK
BNEERHELET = AENNE, AT EHEHEE=FKNE Y 77E ENBUERA,, .

Ny My, BEREEIFE n+1 THIEZAN R D B ENEMEAVL + Ay, c B ERMEME

AVa+ AV, REBER—THELZMNAV, MV ITELERENEME V &£ X TENEX

KAV, BNABERLH =AEANRBMERN, ATEEREGENENITELIZERE
DAFMEENER, TERBIRREFPUERNHFINNERRD.
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/*
AT RPN EERSZ M BRETELNEME
*/

DXleft=[1/P; P, R} 3R, 1/P, Py R} IR/ /T I 2238 PR £ 3 Y R R ABIEL
DXright=[1/P; RRIZE, 1/P, PR ]//F AL 5D IR R A
DVyleft=[P, P,iA BMIETE Y TTa VR E, PPt BMHER Y FTENELE]
DVyright=[P, PiABMHER Y TTEINELE, PPIABMER Y HTRNEHE]
Start_x=[P;.x, P,.x]
Start_v=[P;.v, P,.v]
End_x=[P;.x, B.x]
End_v=[P;.v, P.v]
Start_y=[P;.y, P5.y]
End_y=[P,.y, P5.y]
for(int i=0;i<2;i++)
{
dx_left= DXleft[i]
dx_right= DXright[i]
dv_left= DVyleft][i]
dv_right = DVyright [i]
sx=Start_x[i|)//FHW&iE = X &
sv=Start v[i|/HAE& S B HE
ex=End_x[I]|/H3#B%%E = X B
ev= End_V[i)/HAEE%E R B MHE
sy=Start_y[i|//= iR %
ey=End_y[i|//= B ERAEL
for(M sy E ey FSEGy)
{
//sx B ex HE T HBLEN—HD
V=sv
dvx=(ev-sv)/(ex-sx)//ITTEBME v 7 x T71m LGS
for(M sx | ex B9 x)
{
22H(x,y,v)
v=v+dvx

sx=sx+dx_left
sv= sv+dv_left
ex=ex+dx_right
ev=ev+dv_right
}
}

ATIUTREBHTEMEE, RIS Point2 XDEIIET —NEM V, BORBMNIEE
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MHEAEGENKREE, RMNIUEE—TMNEEIRENTE=/AF. HXKBA
chapter3\Singlenterpolation F lib\GraphicsLibrary.cop #HJ Singlelnterpolationin2D &£,

3.2.5 ZJRMEMIHEE

AABMNFFAMXAZTEZTE—EM, TEFERNXNZNEMEE, AU
BRI— TR ESREIT ., {14 Point2 FHE—NEM A ValueArray, RRIMAMNE
MEM, ARBI—THEReT-TRBEESIT, TEANRIEFREEITAZE,
AR XHRBIEAREEHENREREAKRXF, REREITERMHENEERT
WEENAE, BMEREXBINRLE—E mENEEFRNE B EEFHARRF
7R E, XKL chapter3\Multiplelenterpolation # lib\GraphicsLibrary.cpp H 9
MultiplelnterpolationArrayin2D &£, B XENERE OSIFFEELS T —MHEBE=MA
.7 BRI L1 E R EE X — N EE RS fragmentShader, f8#R FS, XAEpto]
MEBAAEECRERBEZENEBMHEIMTEREEHE, K1 chapter3\Multiplelent
erpolation\main.cop #1445 Multiplelenterpolation &% 7 — lambda FRIA R, X/Ne&EIE
ZEFETM A EHEEANREN RGB A,

19T



3D EREMIRLCH

DXleft=[1/Py P#43R, 1/P, P K]/ /A7 I Z L P 5 1D H R R R 5L
DXright=[1/P, BRI, 1/P,PsfR)//{F A B P 510 R R A%

Start_x=[P;.x, P,.x]

End_x=[P;.x, P. x]

Start_y=[P;.y, P,.y]
End_y=[P;.y, P5.y]
for(int i=0;i<2;i++)

—~

dx_left= DXleft[i]
dx_right= DXright[i]

sx=Start_x[i]//F AL s X H

ex=End_x[[|/AE%& % = X &

sy=Start_y[i]//= AR iE A%
ey=End_y[i|//= AT ERAEL
for(M sy & ey 91 y)

—~

//sx B ex Y FHBEN— 0

for(M sx E| ex B9 x)
{
22 (xy.v)

}
sx=sx+dx_left

ex=ex+dx_right

——
——
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3.3 4o

MRBNEA— K —EE A EALSCEERE— IR L, XKEARMMEEE, —
Efg (808) BMESHEHFRTN— P EERAE L, SRRENEEE—DFE L —#"-5|H
BAEGER: MEGE.

BERNBSEENATAEASEENER, #ErEAA uHEKITE, hEh v gk
FEME—D uv EALIRER, XMRERN u HET xy EASHRELN x 3y 5T xy B
FAARERAT y 3, uv AMBUEERZ[0,1], B u=1 B, 3R7® x=width, v=1 Ff,y=height. 3]
T INBIE SR AFERZ RN A EE, XPeRZANE,

BATT LB N TR TR uv BRIk R SOERIARE R 89 xy A8 4R:

x = width *u

y = height x v
BORFATE(EF Multipleinterpolation XM & $L, RZ7 chapter3/texture/main.cpp A
XJ FragmentShader &R B T EFER, B—kB R —ErRFBLH N =B L.
A7 chapter3\texture\main.cpp R EIE T — Texture £, B EBEFBAEAEE— O
T 2x2 KINBE R
intimg[2][2] = {
{RGB(255,0,0),RGB(0,255,0)},
{RGB(0,0,255),RGB(255,123,172)}

3-10 AESEEMNE R
EX T —NRE texture2D AFIREVEIEAE, XNREGA uv 245, IREITEE 4R
MEEGE, EXT—FS &2, ATRESMENBEHEEERITEANSE AT
SRR KRB . RETE main REHFLE=AEN="TNAE ES3ELiREN, HR
MultipleInterpolationArrayIin2D F &z sl Han TE:

3-11 BFIETHE
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3D EEFFIAL %

B ¥ AR

ZIE—FHNES, HEEBNELWN 4EGNETE T —MAR, EF &S
B, FATESHA 3D MR, RIEHIHFIE,
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AR TR AE BT

4.1 FFIRAAbR

HEREFRNELHNE ZIBAFEIT, BTEAKNIERLIREERMUT —%x),=
H(xy), =% (xyz), B—1MPERFZAESMEIRM EENDE. IRBNEEN LR
IMEIN— D Ew, FEERALFRTE(X,W), (Xy.w), (Xy,z,w), ﬁﬂﬂTwE’]T’EﬁﬁT’EHj!ZHTﬁE

B (%) = (0xg0), HHEE TESMEBMRE BEHF2="=2=2 F}

(2)=(2.1)=(42)=(3,6), (wxq )M (xs) IFFRALER, XTFZ?E = HAFREIFENE
(X Ya) = (wxa WYa, w)-ﬂ](xa YarZa) = (WXg, 0Yq, WZg, W), = e B AL FRER 2 B AL R
AUTFRELAR, FRRALTRER— ANH@Mih%%TNﬁiho

FORBART] IATTE R (E FBFEPEXS AR TR R, B FFR LR w &% 5] PUE R
SMER, WTEHATHREZZENRETMIERRESNRERES . XEFATROEENZA
ZEZE— N EWH RN

Ao, FRBIFET UKy 2@ E, ME—DZHLFRR P LIRXY) T IART—

SN %mE, MEFBERALFRFRREXY W, IRw=0, BIxy0), NFRRIX
M—AEE Bhy =i==o x' =>==o XM ERFx My BREFER, #

Hx My (IBKEER—H, MBEZLFATEREE, Wl MR IIERTAFEBRET
ZRL, WRFAEEA T MERRIZR EH, XtMEERERTERS, B2 USE
MR MER—E, XEEERANERFRLIRAIEH.

2 BUP

4.2.1 “HEEIRY

BRI ERMARBRGRRERMN, MBR2OBRMENRIE, WRE-HE=E LR
%, WEMTHE 4-1 Frr.

B KA A

4-1 MBEBFHRR
2370



3D ERFMIATSH
i OpenGL #0 Direct3D AR B MREIER], AR ARME 4-2 BRI

B’ JEH

4-2 2A{) OpenGL #1 D3D HY#% 5
BATTAAIR, 7E OpenGL #1 D3D M ARH, KA MBRNMNEHRT, B2
XHASBIAENER.
BAVEE 4-2 F—LE4018, THRE 4-3 BORETF:

L
A/ |
\ I
\ I
\ I
A\:\ IIB’ ) N
\
\ I e
\|
5 2 > X

4-2 TENLAFRER

BMMAENLERATO O ARS, SRAE—FMRAFITHNELEAD X #H, TR
BUE—&F X MEENELEAD Y #, BRI DNBIRRWYEAETLRR, BAKRFF X
AT, TR EZMERAFERES O BB T IMFERRFNAREA y=N, fEAFH
O MIBE BRI i near, KA MM N BE%, 7 3D /LA MM N FE, thfEuEFE, KA
T—ZBAINAB CVW HEHMEES N far face (¥ W) . W IRMRIE T ERNS
8 near HEASEER n E N), SMATPUCREBENLRRPER— LIRS ERA L
I AE.

NFERE—RKY), ERAFERENNENAN:

nx
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4.2.2 =HEFE MR

HE=HFENILFEH, OpenGL F Direct3D KA KM T AIMEA ALARE
Y

A

(X,.y,Z)

/

i /6275'5/ B

4-3 BIIRE TR
2D BUWEFEM, TNR—DEAFTT YOX FE, EAFMER O MEEA
near([REZESAL n & N), BABEEA FFAERNFEIRA near FH . NHERABYILIFR T
HEE— Ry 2)E niﬁ?ﬁ%ﬂ’]ﬂ’ﬂ@éﬁﬁﬁ/z}ﬁ%:

, xn
x'=—
z

L
y_Z

S4Rxy ) BT BRRH RSN, 0, BR 2 HREMEMTARX, BARE
MARZIIRE 2 2 HBEE n, FINBATTRIEE D any, BILHR(xy.) RSB EH
$hrh(E, 2 any), FERMTUREZOIER: SEPHELZTENRT THhFE

FHEDRR—FEL TN T4, ZMNRABEHER M RIRE ZENESLR,
RetEREL HH BEHEREN T,
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Bl 4-4 BEEREZRNAAELNIERRETR
WnERE 4-4 ﬁETTiIEﬂ H AB AR, HEFELAREHNAB, HNTUEL AB IR
ROMBT M=l MERABI=AFIFSTEANERZESZ, MEAEAAOB LH
M RE QTQ%ZF%B%\EEAAOB HMEsFHAXNES L.

4. 2.3 FFIRAbRRINFEMR IS

EEBRRNME—A Ry, DRTRFZ BTN, D, any), MBHATBERLAR

RRAI KT ZFHI R, J"”J—Iuﬂ%(w— w— w *any, ), MNRSw=z, MZFFRLFRRT]

IS i (nx, ny, any, z), B A any=z=any,
BB LD TR AIERS:

x'=xn
y' =yn
z' = any
w =z
BEXFRTTITE, BT IUB—NFFRARR TR, B EEMHF LML,
M EFET T IANRGES ﬁ/l\wﬁj\g?'ﬂ_ﬁL_M&IEﬁEﬂﬁ T EHEIRAE A

EHE—MER EﬁiﬁﬁTiE§D%1fFH%/AJ:$Ti§li %, ZLBALHR, BTOMUHETT
LR, LT;?EJLZ = HMART AR T AR

BRE-EBRBENIMNAZ IREBRBIRTTH, BNAEBOBWRE AXMTFR
AFRIX P APRIA T VAR B, (B2 E AFFRBAR T UEH —LIIMER, XEFERERS
ARTR AT DUE AN B R A9 AT FNALIE, B U A E T RREBREE S HEAFRLIRNE
B

AEFTENE-LEBEATHROBFER, OB RE.
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HOE B EHE

5.1 ZF[E =MIEHI2:H

AL \Part2\src\chapter5\normal_perspective H1

Bt F—ENBNBERRY, TRBMNEECLRKART, B2 N=AFkE
IEEL, ARSHIHkR BNEAZPITUABEHXEM—T.

BAVEE Z S AEE Partl B9 lib K53, BABREBLEREE N T BARENTAE
%HY, 0 Point2 A=A HMELRPEARBAT, FIUIRIIE Part2 FEEWFT
Point2, R =4 AT R L4R Pointd SRALIE, HA AL /Lt E#HIT T D EMEN,
MILEFIE, SN DERNESX lib REBHTEH, NN HE lib REBEHME MR A
—&, FERETETEEF.

EEZREFP, NIRARNTHRBEEEHA RN, XNTIREFIYE Vertext
Shader, faI#R VS, FA17E Main.cpp HEX T — M EEL Perspective, AT =44 ritfT
FERE TR, XERBIESTHEE, LIE—N=HLRNFRLRISE RN =%
R, REHITERLTHR,

1£ GraphicsLibrary FU#rig— &£ DrawTriangle, X PMEEHESZ = Point4 F1—4
ValueLength, X=NTNRELEdBERREZ TR FLTR, BN TUERXNREBRT &
ISR IENN T XF Pointd FiSE{L =5, 0 Partl B9 MultiplelnterpolationArrayln2D &1
F—1E—, FEIENERIN=ZATRE GRS L2%0, FFLZanN z upEE
FME2XEEXH, BMNTMUEREE, BMNERSLRAFTEx My, FIE main REH D
AEIET abc =4Tm, AEHTENLTHR, BE tatbtc =NERME, REHE tatbtc
LHHREE L ETEFSINTHER.

5-1
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5.2 ZHIMAD=MILPHRR — D IETT

ATRILAE Part2\src\chapter5\two_triangle #,

BAZEEH 5.1 89 lib %8, RIE main BREMBEHMNEN, £2LHE—N=FAF,
RELEFEZNZAY, IHRITNERE LRLFH—DZBEMNIEAFRT . FKN%E main
REHPLFTEE—NZAEEXENT —H=AF, REE=AFANLIRMEEE LR
T—T, &HERI=AKEREE—1IEAF.

B 5-2 MA=@EHEA— I ESE

5.3 i AR T B IR

BNELER NN RNEEERMMNHETERRIRN, RENFHEREHNFE
near ‘FHEFAT, HEXMELT, BMNERE=EHTEMEHBENGFSEERNER, MR

8 two_triangle FIRIBTEEMEHIIR, EBUK err_interpolation FEIARAD, XIXKE T H
N AR, L= A near SFE AL 30°MIE A, BNKEFLER, WA 5-3 Fiw,
RN FE, BENBRIOARRNIZE—FELN, BEERMNEXEEER, BLRETN
THEZ% EXMERNEERTESET—/NDRERRA.
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Fl 5-3 EHEARESHESHNERE
5.4 FAAZIEAH{E
EERAMBEAN, FHZE EORREEIRYTRNLETR, RESE: R

B HRR, BINTUBEZIAER 2D BF LR DY, REIERRHZEHSEL
—NEE, BRINEZE—T HERTHENRTY, TE 5-4 Fx:

A

near

5-4 Fm=EMERER=EEHA—5
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BB LM BENAIRFEX T P KiE, B AftEw; = f LB ABRFEFEL
ZENEBRAAB, PREEZENRAP, RS LHNBRBUEA wp = % Nz mray

RFRELRAB LEHTANEE REFEW [+ Bws+ wp, MHAWFRE

EFBEUHEMNER, v 2—MERNER, ZHSET BUINLEERHEHIEL.

BATRARSS=E T P Rfws = t REEIRRE LR PHwg, = ¢/, WITTUUF
FMT ARG T TENMETTRE, a ®ZTREZETHR a, akra ARFIFSRKR
e, BN

nx. n[(1-t)xg+tx
xy =2 o MOOrtn] g
Yp (1_t)ya+tyb

Xpr = (1= t)xg + t'xy @

nx
Xo' = — @
Ya
nx
Xp' = —2 @
Yb

BX TR 2B @ T IS E]:

n[(1-t)xg+txp] N NXg ) NXp
——==1-t)—=+t =
(A-O)ya+typ ( ) Ya + Vb ®

FA t BREZEMNNEN TEUHRERFRN, M tEFE=EANE, RMNSAE
ERH—1t = f(OOHBRECK, IERTNERSZETEHREZEHNE, KEMHGE
SRR FE—):

Yat'

- Yo+Va—yp)t’ ®
BMNEL—ZFE, BOFEAFRLIFTERE R Awnr 2L R RRTAMNRIGRE
B, Wt tmEAENY. My, TS Bw,Mw,, B EARFETUERK
wgt’ _
t=——9% — @

wp+(wq—wp)t’
FEMRERM=EPHEL FA—LMRUNENE Y, BEE=2MNZIRNRE
ZEEWTELR:
Vp_Va :xp_xa:yp_Ya:wp_wa:t
Vb_Va Xp =Xa Yp ~Ya Wp— Wq

B ERBATTRUTERY,, xp, 3, 0, FE, BMNEHE-TY,

b=V _
Vp =V
BOBEANERESEMG th, BE:
-V wgt'

Vy=Va B wp + (wg — wp)t’
RARE(HESIELMRI):

V. = wpVatwaVpt' —wpVyt’
p wptwgt' —wpt’

BREETRNEFTHEAZA-HELRT I —ARBHTHE ERMN ==
BREH _HRBHE—MHNERL L—ENRAINEANLERRT, Z4alRPITELARA

@
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, nx
X =—
VA
g
VA

BNFERAx = “HRy = HTEHLBE—BMER, FEx = “FHT _4#MN=4

BE, RBAEMNLENTEE=ERZNBEL RN,
WREFERERME, MNZRILBERNERF LLT =AENNE, SEE=Al
VN ETRAN=@, REDAEE, MTE:
p3

28) P_

P1
5-5 =Z@Eatin
BMNAELH =ARANRSEREMRETE PSR ARENE, B28E LR
R, BANHEERLEMEETEERAR P ASIIMEMETREATLER. RMNESHNZE
=ARAABC £ RF LA, REIRELAATAPRP, RER(NEREZEEH
APPPSRAHIER, TER P_IOFERLFRHP (o, Y wp), ZEM xy HREERE
=T LEASIRR, TNEEERSZREHTEMHRESXEEEN, F=10EEMNEK
AR, EEMDBUATHELBNEME AUBRMNAAEFRITEL P Aw(RIER
B). ZNERBHREBRENNRREIEITEXINEFR:
Vp_Va_xp_xa_yp_Ya Wy — Wq

= =t
Vb_Va Xp — Xq Yb = Ya Wp — Wq

AT AL = e = — 208 e RS e RS — S fwE, HTTR

Wp—wq wpt(wg—wp)t’
BESHOTHERERESIRIME=):
p= wb+w:t’fwbt’ @
EEMMRIERA:
i — i + (L — L)t’
Wy, Wg wp wg

KERS TN BB EBEORHRHL A TR AR
P e

b b
S PR o, 1, BRCHEHY,ME, TSR ERNEESS, SR ENER
BN, THHRSHMO—HNERESIRANRE), THE—LEEEIL
HEARSESCHR, 07 REEMBATRRS, 4R MEUL IR
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ETXBNAEFLTAEAREFEHATEHOSERE, HXKBR
Part2/src/chapter5/Perspective_Correct_Interpolation » {144 Pointd #iE 7 — D& £
Normalize_special, X EEEMSEUTFRLIRHFHMES R ES T T —2/NR1E, NEH
wEHX L, ME#HTTEERE, xyz ZAENFMEBNISEL—1F, #HEERZO =k
Mw. ZRIAE DrawTriangle BREFIARIM 77 T Normalize_special %, XEFE=/
MEEBRETWE, EITE P S EFEALATOTERHWE.

BIETES M ENEHENEtLSE —ETHT, NEERMNETEEME V i
&, ETERENGEEL LMNEE, AREEZ —TRBLNNEFSTERE X AE6
BE, XHETRUIREMNEAIEEXREE FHNER.

C

2MRAEVSIVelt SRRV EHAEHE AV
A AR RIS 2 A MR R B E P

i o AN E Svltipis)
AT AP HAS B2
RIS R A B A B (VsTVe)

5-6 REMEURLEHENNBEMEITEIE

BHARBADIEMERN, BINETE P_Sfuwil B ENERNTFERLMEEET
18

GraphicsLibrary.cop HFHJEE 60 1741 65 79 3T EWEFMENEMENE
60: double p_omega = (pa->W * pc->W) / (pc->W + (pa->W - pc->W) * p_t)//iTE P Ef w &
65: p.ValueArray[i] = (pc->W * pa->ValueArray[i] + (pa->W * pc->ValueArray[i] - pc->W * pa->ValueArray[i]) * p_t) / (pc->W +
(pa->W - pc->W) * p_t);

ABRRE—N=ZARVDHLE TR =ZARREH N, FTIURETEREMBEEHMIF
BIEMIEHM—MCER 2 95, 0 DXeft2)%%, THEMIANBLE T E=AFN
iR, RASH E¥=pENdETes—H.

P2 P_
S (&
P1
B 5-7 BUREREE
AT s Fl e FoRAMEMRIGTE RS, ROEITE Vs, Ve, TV MEHERALEE

BEHEE, BIAVs, AVe FIAV AHEEE, B tHNIEEXEEE, EE—NMNLRT.
BENAHEtE=ZAREARMEDO EEEA, BEEFMET dt_left 1 dt_right 1, T RE
TESERBGRANERSAD FOEHE .,

88: double dt_left[] = { 1/ (P2.Y - PLY),1/ (P3.Y - P2.Y) )
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89: double dt_right[] = {1/ (P_Y - PLY)1/(P3Y - P_Y)}
EBFPARELHZAEAZSUREHRETEL S s 7 e HwE:

149: double sw = (lwa * lwb) / (Iwb + (lwa - lwb) * t_left);

150: double ew = (rwa * rwb) / (rwb + (rwa - rwb) * t_right);
EIHNEABUREEETE s e WEME:

156: svs[vindex] = (Iwb * Iva + (lwa * Ivb - lwb * lva) * t_left) / (Iwb + (Iwa - Iwb) * t_left);

160: evs[vindex] = (rwb * rva + (rwa * rvb - rwb * rva) * t_right) / (rwb + (rwa - rwb) * t_right);
REEZHEMRENNE, £/ dt Mt RETEIZGEEFAELZ s. e PEIAYELHE):

163: double dt = 1/ (ex - sx).//t ZE¥AHLk EEM LK

164: double t = O;
BERNIA svs. evs Mt AHHWE L EABEUREBETTEL EHNBEME vs:

174: vs[vindex] = (wb * va + (wa * vb - wb * va) * t) / (wb + (wa - wb) * t);

BT UEE, XMEFFETERNSCEREN, S0ERHTR.

B Perspective Correct Interpalation — x

& 5-8 £ MEINREMREREERNSEES
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5.5 Pk

5.5.1 Ffzx—

n[(1-t)xq+txp] N\ Mg , NXp t’ .
_— = —_ —_ — Z| = =3
M (1-t)ya+typ S Ya Tt Yb #ot —§Z+(1——§Z)t'EIHE N

EAMESBRA—H, PFARNESIIFA—EMARN—F, ERYMM—NS%, HETHELEB
%TO

n[(1—t)x, + tx nx nx
[ a b]=(1—t') a t’ b
(1 - Oya + typ Ya Vb
xa+t(xb—xa)_x_a t'ﬂ—&)
Yattp —Ya) Va Yo Ya
Xy + xpt xt—[x“+xbt’ xat’][y Yyt — Yat]
bt — = | T - bt —
¢ e o oyve 1P ¢
Xa Xp ’ Xa ,]
Xq + xpt —x t=[—+—t ——t"| Vg + Ypt — Yatl
¢ e o oyve 1 ¢
Xq Xp ., Xa ,  Xg Xp . Xa . Xa Xp . Xa ,
Xg + xpt — Xgt = —y, +—yt' ——yt' + —ypt + —yptt’ ——yptt’ — —y,t ——ytt’ + —y,tt
a b a yQYa ybYa yaYa yaYb ybe yay'b aYa bYa a}’a

Xbp ’ ! Xa ’ Xa ’ Xp ’ ’
Xg + Xpt — Xgt = Xg + 2yt — xgt' + —2ypt + xptt’ — —2yptt’ — xgt — -2y tt’ + xgtt
Vb Ya Ya Vb
Xyt = 2yt xot! + eyt 4yt — Ly bt — Lyt xtt!
bt — - —Jb b — )b -
" “ Ya Yo © ¢

Xyt — Lyt — xptt’ + Ly tt! + Lyt — xgtt' = Lyt — xgt’
bt — Vbl ™ Ap —Jb - - - -
Y Y ! ot ¢

a a b
Xa Xp Xa Xp
t(x +—ypt' +—yt' ——y, —xpt' — x t')=— t'—x,t’
b Va Vb Vi YVa Va Vb b a Vi YVa a
Xp 1 ’
—y,t —x,t
Lo Vb Ya a
X ! X ! X ! !
Xp +y—Zybt +y—£yat —y—Zyb—xbt — x4t
Xp ’
— —Xx,)t
. §, Ya ~ %a)
Xa Xa Xp 1
— Ly + (2yp + Ly, —xg —xp)t
Xp Va Vb (ya Vb Vi Ya — Xq — Xp)
tl
t= Xq Xq Xp
Xp =5V 5 Vbt Ya—Xqg—Xp
Ya +ya Vb t’
X, _ o Ty _x
Vb Ya a Vb a a
B E Yy, BERXENEEAEN, HEEENEXDENLE, 31EE
tl

t

= XpYaVb _XaYpYp XaYVbYb + XpYaYa _ XaYaVb _ XpYaVb

YaYb YaYb 4+ YaYb YaYb YaYb YaVb t'
XbpYaVa _ XaYaYb XpYaVa _ XaYaYb

YaYb YaYb YaYb YaYb
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t

tl

XpYaYb — XaYpYb + XaYpYp + XpYaVa — XaVaVb — XbValb ¢

XpYaYa — XaYalb XpYaYa —

tl

XaYaYb

Yo (XaYb — XpYa)

Yo (XpYa — XaYb) + *pYaYa ~ XaYaYb
ya(xbya - xayb) XpYaYa — XaYaYp

tl
t=———-———
Vb Vb
=+ (1-=3)t'
Ya ( }’a)
Yat'

t =
Vb + Vo — yp)t’

%3501

Ya (xbya - xayb)

1t’



3D EEFFIAL %

5.5.2 Mix—

V, B3-S
Ww—=Va Wat'
Vo =Va  wp+ (wg — wp)t’
wat' (Vy =V,
Vp_Va— a (b a)
wp + wat' — wpt’
w Vpt' — w V,t’
Vp_ = a a’a

- wp + wat' — wpt’

_ wgVpt" — wgVpt’

P wp + wgt' — wpt!

_ wVpt' —weVot"  wpV + @ Vat’ — wpVgt’

P wp + wat' — wpt’ wp + Wt — wpt’
Vo W Vpt' — w Vot' + wpV, + 0 Vt" — wpVit!
P wp + wgt’ — wpt’

Vo WV + w Vpt' — wpVpt' + w Vit — w V,t'
=

Wp + (Uat’ — a)bt’

_ waa + (lJaVbt’ — (J)bVat’

p wp + wgt’ — wpyt’
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5.5.3 =

A =t £ = 2 o, MHS

wp—w wpt(wg—wp)t’
Wp = Wa _
Wp — Wq
wgt'
ot =

m%}\iﬁ%ﬂ%ﬁmu

!
Wy — Wg Wt

Wp — Wq wp + (wa - a)b)t’

Wawpt' — wawyt’
Wy — Wy =

wp + wat’ — wpt’
Wawpt' — Wawat'  wWawp + Wewat" — wWawpt'
w. =
wp + w t" — wpt’ wp + wat' — wpt’

Wawpt' — wWawat' + Wawp + Wt — Wawpt'
. =
P

BE— TR, TR

Wawp + Wawpt' — WawWpt" + Wawt' — Waw,t'
. =
wp + (l)at’ — (J)bt’

wp + (l)at’ — (J)bt’

p

— WaWp

= e o JEFHO)

1 wp+ wat' — wpt’

Wp

wp, WaWp

1 Wy N wgt' wpt’

(l)p WaWp WaWp WaWp

R e 2 1)
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5.5.4 [t
£ H
11 (1Y, Ww_Va (ﬁ _ ﬁ) 1o _ WpVatwaVpt'—wpVat’
wp T wg + (wb wa) t ﬂ] wp T wg + wp  Wg t j:EE'IFHij - wptwgt' —wpt’
& A
1 1 1 1y
-
W,  Wg wp Wy
1wy Wet' 3 wpt’
(l)p WaWp WaWp WaWp
1wyt Wat" — wpt’
wp WeWp
WaWp
w. =
P wp + wat’ — wpt’
N — WqWp F=ad i:ﬁ (ﬂ_ﬁ) 1] Bz
BB w, P m)\wp il by L h 53]
% _Va (ﬁ _£> "
Wq Dy Wq Wp  Wq
! !
wp + wat’ — wpt
‘/p (l)bVa n anbt, waat’
Wa D Bl WaWp Wy Wp WgWp
wp + wat’ — wpt’
‘/p (l)bVa +anbt’ —(l)b‘/at’
WaWp - WaWp
wp + wat’ — wpt’
_wpVy + 0Vt — wpVt’ WaWp
P WaWp wp + Wt — wpt’

_ waa + (lJaVbt’ - (J)bVat’
wp + wat’ — wpt’
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SH6E IR MR

ERFLERED, BNTUREZHMNEENR—MIENRIR, FENEESWITHL
BIZFTEE, BRE 6-1Ps:

B 6-1 ZihRayE
AE 6-1H, BRAZN=ZARSMETARBHOEERA—, BEEFZNRIRSHE
FEEFEIAANER, XS T XE= AR ER., MAIEX EEE X RNEERIRAH
BrEA. TETMNARMEREZE BXREAM Z-Buffer Bix,

6.1 HZKE L

ERERIRAIBE I EF A KR NE S ERTIEERERNYE, RELHES
FiEHA, XHEBZAVENZEESHNSIMSWEALTINERAES. XFHIE
gEEHE —FE—FEN PTXEUBEREE.

B 6-2 BREL
Tz BB ELTIN A ER TR R F, A2 BnmAmE, RELFHE
AT, XFLEEG6-2KE, ELHARER, RELFFECIERE, XHRESEER
FIERHER., ERERE A EFA LM, MRELHFNEFBIIER RAEFTER, B
LBEBNIZEAITE? MREFAIEEER, BLABRELIMEBADEFHLER, 201 TE 6-

3 PR

444

I63 . EWAERER B RARFKERINTF A EFRRLSRINF
JUEE, NERNELFZE=ALERELTIE = HEAIIERER.
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6.2 7Z-Buffer B £

Z-Buffer EATT BRI EHAER IR, HRENEREENZR N AR BRI,
AEMHE A AR, RNREEEENE - MHERLENBGRHTELS]. Z-Buffer 198
WEAE—NMMRERE—NEAX, IEFRZANREE, MREFLHEREAREERNTIC
XHREE, WERLHIFERZTXANREILE, NREFLIERNREEATIER
' NmFEE.

LI R T TR LA
0.4 0.4
AR
0.4 0.4

S AT AR A

045 03
2R R T

0.5 0.45

Bt#Ez-Buffer{H

04 0.3
AR

0.4 0.4

6-4 Z-Buffer E3 A5

BIERNNREE 4 MRE, BARNFREIE—A Z-Buffer BAHX, BBNGEKE
—%. BAELH-—NMENAE, HUNMENREELHE 04, LHRLEAEZE Z-
buffer WEBMMAGAE—HT, LHHE 04. AEFLHE-NFESE, X EEA
55, TINERMAE LANREAELR), ETAREAELRA, BNEENMELHEE
AR, MRLHGRREELL 0.4 \BR4H, FEH Z-Buffer, BURIZERHILH .
TNANGEAEREA LAELH T, HthEEEHLSH, BAEMGEALIEREE
E, FERNTUEARREELHGE A AERAEAE, BESITHNER, XNF
FER b IS AR MR R

Bit FEANE, RENESREEATESMENRERL I ER—EEHE—
AER: ZREETRARE BIEBEE . B £ — 2B R I FR{E A AR 038 ] B
AR, = SRR RN HRGREE ROEREACASRBELXTAC

wptwgt'-w

BIFBEN . REMZIEILE, BNEHTEATRONR, FFREIRH 2 PEBERFHRE

A BNINEERTRONRENSNREREREE z 029, BIXATEXMERL
I

x'=xn

' = yn

z' =2z

"=z

B (xn, yn, 22, ) I EAN D BEBBRNWA BBE(E, 2,2 1), THUBEHXANARF 25
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BREHOHSESREE, FRY, = Llet0aloloVal s on b TF 18 2 JERE Ao, =

wptwat'—wpt!

o REIMER RN, TRERESE RS ERER,RIENREERRST

wptwgt'—

T XBMETARX? ET—ZRFEH CVW BWAHME, BMNESNREARBHIT—NY
BRER, TRELRNEEZ AN, FIIXEREILEEERN —T, BMNERB—TILTHI
e,

Xz pEBRENETEMNEMEHBENEE R EERARBIELTEASNE
MEMEDF, FFIUEAARBECKE REE LR XN part2/chapteré/depth_test,
BANZEXS main.cpp AT Persective REUATT/IMER, BITEERN z pENA 2'=2z2:

27: return Point4(pn.X * n, pn.Y * n, pn.Z * pn.Z, pn.2);//$1TiE N &k

7 B & GraphicsLibrary Z RS EIE— M REGRE—H L1 double 148 Z_Buffer:
19: Z_Buffer = new double[gd.height * gd.width];

B A 3G 0 — > 2R #X clean_depth(double v), El 0 7 22 il — il i T A9 A &, 205R Z-Buffer 2
ERRANC R IR NG, KSBRMNFEHNEREEBEBGT, FTARINESS —MEma
FMEESRREERERA—MRANE, XMEFKNKREN 1000, FEIM4A CVV KR
&, BMTUFE—RERA 1.0,

& DrawTriangle &R &I TR IRAABE A Normalize_special SRIHLSEL .

7 GraphicsLibrary.cop 1, B=AEDERLETEN=AFEHNR P HINLET z =Y
&, FEAEYRERERT:

72: double p_z = (pc->W * pa->Z + (pa->W * pc->Z - pc->W * pa->Z) * p_t) / (pc->W + (pa->W - pc->W) * p_t).//1E FAEMN
REBETHEp AN ZDE

BMNELFISMEENMENREH#H T AUR, IRV HBINEFHFRER, SR
FHABRENSH:

192: if (z > Z_Bufferfy=graphicsdevice. width+x])//3R B MR R ilid FOiE M F AR T A0S
193:{

194: continue;

195:}

196: else// BN EFTREE

197:{

198: Z_Buffer[y » graphicsdevice.width + x] = z;

199:}

BANFE main REFLHE—MREZ AL Z Buffer LIE—I:

39: gl.clean_depth(1000),//4c R E{E IR B A—MRAMIE

REELHTRN = AR ERNESEZEREH — P EERENIENR, B8
Fol BRI TR,

6-5 BFEBITER
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EIEHE
7.1 — e By R A

MRINAEEF L, BRNBERE D, BAEBRRNAEERXIRDAOITER M
s, MTE7-1:

y=x’

RAMAKAS, WERNERA—NEZx = nWHEHATRE, FEREx > nfI39, A
MNAEBIEEBLEXHO ML, MELTIEERNEZR, FELSBRENB LN — MRS,
MRIZBEMEREARTLFANR, IRZANR, Rz, IRESHEBTHLFNS, UK
ZAER. BONUUREZHNE LEHPHEMAAARTERE—PIAR, ZARLIRA
(n,n?), BEIRMNZE ESMELRNEXEETARKRER, T2EREARNLE, B
ENREHNZBENIL, RNBESBZLRNBRLEERE, XHFEETRIAFLIE,
WMTE7-2:
a a

b b

d d
7-2 R EAE AN =H1
BMNTUELEZLZFEE], ab 8 be AR, b /A ab BHER, ERHA be BAYE
=, MEAES b SN ab BAESR, A bcINE S, FEXMERBENZILFRR
THERNTRERANN LA KRBT E.
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7.2 WREMER FIoh— PR

WARRAE—F%&ER, RNMWHERE, WTHE7-3:

x>n
7-3 SRR
SF _FEX AR B RA SR T O B S p A AR, e = =

T By—Ay n

P, = A, +t(By —Ay)
LRERRNABBRRONE, HELB = AN EA 0, FAMEARMNEFTEHMTXA
LR ERRER RN IX KA FTHE, RABFEKMREBILBRA TR MR, 14 xT
B TR .

BANNIZEICE, HENma T EESET—LBMY, MR T ITEL SAR)BALER
Z5h, BFTEEEME. BHENTERSREEMEREY = f@OMERAR)p HTET.
TR UTFEAH, BHERSTUTALS, BRI ESE INMIRERE X T4 M
BEN, PN IMM—ERE: WM& A R BN —RBoRI%R), BHERE
ZHZ& E TR EMINITMUM. B EIRRE, BN TINREZHIX H SsENRHIL%L
R ERMEHTITE, =4

D HErZERESHFERT

@ HEBAZSN b SUE T

@ BE tIFEHLAT SR L RMEME

—NERBEHIDIURZATER ZER— Mm@ BR &S A— N inn A
BILSFEM, RPE 7-3 KiERNIEHE, AmSRNHEBAFZMSE >n, B imRHE
WREMx >n, ZFEBRRFTERNT . BANERFOT=MXER:

FRES B mREHENREY, FTHERH

FERIEL: WA R EANHEN RN, BEERFAELNET

R — M RN SR AR, — Nim S TEB SRIMB, BB AL RN L B TR

MRBERIADFTING, MWEBEMDFAHRRIAAR, RZMUAHR,
y y ¥ 5

B Be
P/

x>n x>n x>n
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3D ERZEFIRL
B 7-4 & FRER P FIUEE A
TINEER], MRLIB, = A XN, ZLEBBARTER, BARTFAEL,
PRIX R A& 45 B, = A XFERAIITE.
MmE=H t HERRER T, TNTUATEZINAR:
Vp_Va_xp_xa_yp_Ya_Zp_Za_wp_wa_t
Vo=Va Xp—=Xa Yp—Ya Zp—Zq Wp— g
Rt FEBMNTUBR, BOAMUTUA xHE, TR EEREERULER
SERM, #ILUEBRIITEL ¢ W

EMHIAR A0 =n, BABRMNTDTUAAR " = (G ¢ = =0 FREH

 RFEATFRLIRFRIAREY, EFBEALHR, BONAMRRAETTRE, BEZIPZHL
*T_ﬁ_EJZT IT_EIQ’EJ:#T\(?ET%ﬁl*E%EQ’E SERTART, RBBRERN), MAENTS
PHEN=E, MRZTEFE—FEL BLAEL LENRDRHEMTIIE:

Xp=Xa Yp—Ya Zp—Zq Wy—, _ HEM,— HBEM,
Xp — Xq _yb —Ya _Zb —Zq B Wp — Wq B ﬁks!%Mb —ﬁKE%Ma B
Hpab AEL FATEE—NENAI R, ELRMEXA4®E. RIEEHRNEL—FRA0E
Mg TR,
x'=xn
y'=yn
z' =zz
w =z
R EHRMN—% B4 L R BNRE R ZMBEURE) BEINRALRE —FHE&DL, A
WIE—T: REBZEHRBEACGYe 2e DFBO Y2 DB R, BEELZLELE—K
P(tp Yo 2p, DR = 00 = 20 = ¢ i ABP BB AH (TR AHBNRA)ZE

BEMNSA ABP, WERWM TSR A (X4, NYa 2020, 20), B (nxp, Yy, 2525, 2p)

NXp—NXg _ Xp—Xa

P,(nxp; nyp; szptzp)o ﬁﬂ]ﬁfmﬁ_zﬁ\/ﬁﬁl‘] X 'ﬁj\%/ﬁiaﬁﬂ—r%?ﬁ = = t, |E.|ETJ-

nxp—nxg  Xp—Xg

y MwHEEEE—HHNER, BE 2z HEHENMERAR T 22 Gn Kok RAERIT

ZpZp—ZgZg

FERAL RBEPFERNPORFEELZD, —FHELLIRFZRFINMHLERLET—
BE—FNEEL.

BMNTMER z BT ETEFES=4=ETHREIEN TR FLAMER, 7
B=#=HPHNELAENE=EPNRTEL. FILFRMNERE NEMNRRRT 2 2B
HEBIERERERTIREREREEE BT IXFAT T IAEE— D M a9 BB g R kB

Wz Bl z DEITE, AIEERNz = 2288 k2 = az + b, 9—’FH T 7 BRI, Bla+

ST 2 RipE. FEFE—NNEFHE 220, XAMEAMEE T HNRIET BN
ELPEI AT UE AR SRARIE 250, RAEETRIEXMRE RS BIMBRNT, 7 2
AT 0 ER TEiLa + 2% T 2 BIBBENRE b<0 A1, a T UBUERE.

233, RINBATHREARN:
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x'=xn
y' =yn
z'=az+b(b<0)
w =z
ERARBREUTHEROREENREREFBREMXER, FNGUENRE &
ABMZENE S BADSRE R E—E KR EX P RBEMRERERIFEE, 8
ENAXKRBRENX 2R R, EAXMAR, Z#=EhNELETENLHRE
mEEE L RRRE—FES, REA =Tt =B oy g
PUEBARSE= =8 h B AN = E R ARE MR, TERMNTUIRSTENME
R FHTEE .
ETRNEBHREAARZ = az + bRFFTFRLER z DENREREMNMZEATE
BNMEENARRE AFFZELLEERZTHREESEUREREER!? — M BHORE
ERF=REMRL, BB TUEFESZ=REREHRETE, MRZEMHERGZTE
EEMTAD, NEZERFEZEEABEURERE DMRIZBUESET LRAMEL,
BEAEZBEARIXNEBE, GRHATUNR. FIEFRMNESAREBETHESHL

013?
1 1 1 1.,
oy~ wa Gy Tt

BNEMARFHWRERIA=ETH z, Wl EERF=(E EP&%?%’[*E LRy, BAMREX

MARTHEEE = o + SERBEMR LM TUMOES DAEH ), FINRNTHUER

BExEEALMEETEREE.

MBI —ENRBEETEN, ERESETEALEEBETE WRE KRBR
part2/chapter7/depth_reciprocal,

BNEREMAREESBNRFHITE, I main.cpp FAY Persective R E#HTT
B, FICHBLERITREHN, 2z’ =az+b, FERMNREKRb<O, X aXRBEEK, FTIAFK
MEEmEERNS a=0b=-1, KEREEN z PEEHEBH-1.

27: return Point4(pnX * n, pn.Y *n, -1, pn.2)//BiTEM T

XHERNMMEARFITENRDIRELBEAZTA T, BETRBENFEEL—T
GraphicsLibrary.cpp 1 #9 DrawTriangle &3, B ERBLF = BENMES K =B UIH
METHRN=AF, mEe P mEBRNELENE— =,

71: double p_omega = (pa->W * pc->W) / (pc->W + (pa->W - pc->W) * p_t)//iTE P& w &
72: double p_z = pa->Z + (pc->Z - pa->Z)  p_t//{E A& MEEITE z &

TUEBEIXNT P mf Z EIMER T L MRHETE, MwsEMAEAERREREN
HAEZETE, EETAAERSERT, TANEREABMTEFTECEA—EEE5E. 5
ERBEY z NEMHEERTMUNRE—, EX—T z E=ARINEE AEEEL
i,

187: double dz_in_line = (ez - sz)/(ex-sx).//z TEF Lk AL S
190: for (int x = (int)sx; x <= ex; x++, t +=dt, z += dz_in_line)//EFLLFUE EFREE, EAXFHMETERLT continue BfthFHE
GREER

S INEBEITRANN z BT ESCAE AL EEHRTLE, HFEFATEBEMTES X X

O DT EE.
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7.3 IV IEIEEY s B

FENBTRXAZKTHIOMR, BHARFELRAEMAIVE? BNIEE—TTE7-
5 RAYIEMR:

7
B 7-5 FMBHLEN
WMRAZEE LR AE W LB, RIEENRZHANEXE SHMBETURRERE, E4%
MRBOZRARE R, BITTIUNER AL B, CANREHZERY, B2 D. EMEARE
PNERT . BXREA—T DR, FAD RBREEAN 0, XMRMERNELNIFEH
RARBRZR, FNTERERE R, MERSEETHENET, REFIR, REIERIE

TEEEFEENYGERN, E Rt LETEN, MAINDAN %R AE #HITHE, FFR
EAE/NF 0 198

XA RIEFT A BEMERREN R 2 BEEAT 089, L 2FRATT A 2>0 1
ARFAS, BREBR nEA—MENSHEARRS, & z<n HNRESHENTBILA
#B, PTIAFATIT IXE A — R z=n EARBTR &M, M z=n N AZEZMN ST
MZRHERFEAR), BNRARTED t R UREMRH TR R L irEMETE.

W, — Wy
=" Ya
Wp — Wq

7.4 BRI

BIEJL VNP RMIRRRIRGIEERH, X THEREADRMNIFLFIFFTeT,
WARMNSRINET FFNBE—T.

BNEWIE—TEERNH, ZBRNBEFEITE/LNTR:

O BMNEFE—ITwmRIEALRRNER, F—PUALS,

2 ¥MZEREEFEHRLFH, MRWFAER, WRBFREHE%ER WRETFL
B, WHFLRTNZLR, WRERT, WHANS,

@ —HKEREHY, PAR— M WAEATING, —DinhREDFTA. MRAES

MHUREER, WXRANR, HRERZEUARATESR, RENERALEIN—REZ
B, RZBGBRARSAENN IRSIAER, MREZRENRENERAER, HRAZ%

R —ERZ&E.
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AHETZEET R B TUEI-TELD AN SN 7!

>
>

EEMEREHRENKE, AEDANZEHENSLY
B 7-6 S EMELHRAN TR
LE7-6 FRB—MEMELDARB ZHRNET, RINTURIZBRARME

ZARR, XEXR/DESREIA, EETH ab flcd ARNR R, B—NXREZE
— MR —PARNES, §—WRREFTER—FHNY, ZBHNELA—XNZRH
EI\JEII;;\\O

O BEBRIERACRERENLR, FEEE—PEXUERNES, READZES
BEE FIR

2 ERE—FERENRIRZER, RRGXEMNFHTUHED.

@ MRIZDHFRELE, WHENT—FKIDHHIE(EEIQ),

@ MRIZDHFFRER, BiOHERERK.
G WMRZOEHT, HDEBRTRANRE, BARENK BXRAdHR, WH
BHERER, RERKHIEK.

©® EHRQLDE), EFFHIDEMILFTHTMKE B,
FEXANEE A EREELAESIEREERT, NRIEEEIRICRES, RABFEBR
@OEMHRIT,
HEMEBRNE=ZZHFA— N EEEADAN—ANZHREHATES, BAFFER
HEA—FELL, BRNTLOANREERETEN ZORHTHE . BT IUERF
“H=EAEEANZIOERE —HNRESRE, HEE NG
MREXNOZBFHTES, WRRZHENNARES RELLRZBENRZ—,
WMTE 7.7 P

B 7-7 BSOS
WMRAEZLIN n BEFHTHE, WREZENHSOBE—NNEZHE, FHRIX
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ZUHEHNRBERZ N n+l, LRFEENERES 6 MR, GERE S NTR. T
IABATET AR — n+1 MEEAE DB

FEEANRE AT R B REITH, MBELEE 7.2 /N HEER AL HIRIZ
™

LY 7 B AL BARVE B A BRI

7-8 BIEEZT 7.2 MAHIRRE

FrdFEERE TRz E, BUKREZ RN TR LRI TRGRIERN ST, HA1E 7.2 B9
RIBFFIE— PR clip, IPMRBTIEEEARETHRZE.

ATBRABI Part2\src\chapter7\clip, F{17E GraphicsLibrary XK HFIE— R
ClipAndDraw, i XM E RS M ZFIH DrawTriangle JLF—#, REEZ 7T —1SH
depth_boundary, XNMSHATHR N FTTIFENREZFERER, R
depth_boundary=n, Nt FEHEFEFE . FEFKIIE DrawTriangle 24 private EEL,
ClipAndDraw #— PR BFRF[RA=AFRET, AFIEA DrawTriangle REHIRHHB /5
M=/, PTABMNERATFTEEEE main REHHIEAT DrawTriangle RET .

FAN7E GraphicsLibrary.cpp FRSESRI— MBI R ERAYFEX ClipLine, 1XANM& & A ST HIMT
LBRESHLFRGE, MRFEIFNITEZ SHNLIRHEME, FIEITEERREFE result
B, AAXNREORBAE R, AN AZHIRAT .

Al ClipAndDraw R F K= AR A& FKILMRIEA Clipline #4733, FHEARNE
FRR BT iE B TR A
75: Point4 constx points[] = { &sa,&sb,&sc }// 7 FTEMEIRIEA ClipLine BREABFTRET, PrRUEIAMANELA

BATBEN TS BANER 2 FTEINAR Clipline REIT A HITHE:

78: intret = ClipLine(xpoints[i],*points[(i+1)%3], tmp, ValueLength, depth_boundary);//points[0],points[1] 4341 ab, points[1],points[2]
338 be, points[2],points[0] 434 ca

RIE ret BEILR, RIBEELREFEFRFEOOOEMUETARLE, Y
DrawTriangle RE R e H = AR, MBAITRESIE=ARREMMDTE, BAD n Bk
AR ERR n-2 DN=FAK, FURNSNTWEERFTHE, MRBEIERAI—NMLRE, K
MR E B BEBEAN=/AF: Aabc MAacd, REKNBZEN=ATLZH
DrawTriangle & £tza®l, 0 TE 7-9 Frow:

d

C

7-9 n AR EIKI 53
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97: if (stack_index != 0)//fNR=AEMN=KIDEHTNEL, WABRELHXN=ART
98: {
99: DrawTriangle(stack[0], stack[1], stack[2], ValueLength, FragmentShader);
100: if (stack_index == 4)
101 {
102: DrawTriangle(stack[0], stack[2], stack[3], ValueLength, FragmentShader);
103: }
104:}
AL BB > JRTR A stack[0]. stack[1]. stack[2]EIEE9=FT, R ETH MR
=, MFRN1BL% stack[0]. stack[1]. stack[2]EIFH M=/,
7 main FEF, HATEA glClipAndDraw RELHIIN= AN EEHEZRET
depth_boundary=15, BFETERMTE 7-10, TJINARBINERN ZHFEHT TR

BYU
JJo

2

7-10 BFIETE
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7.5 Px
7.5.1 Pfis—

%W%Eﬁ%éﬂﬁﬁﬁ%mﬁﬁ
Bf(z) =2, Hehz' = kz+h CyTHT ab X553, ko h FoR— TR E0R, K
kR h R0, R GLRT@ o gps FAEE ab i b S ERUE) , W £ (p) 7E

f)-f(a)
B AL
‘&f(p)—f(a) =t mu%‘f(p) = f(a) + [f(b) - f(a)]t,

1

fB)~f@ ~
XHNZ) = 2R 2’ = kz + h, 351f(z) = Z; - ’<ZZ+h -k +§
Wf @) = f(a) + [f(b) — f(a)]t" AT It
h h h h
k+—=k+—+h+——k——ﬂ
Zp Zg Zp Zg
AR 2 kAT UMLK
h h [h hy,
—=—+P——t
zZy Zg lzp  z4

AP R b BEI = =+ (= D), XN o BEIRER 2 1, FrolE
14 a a

— o 1 1 1 1 [ a1 1 1 1 z! b
= - = O\ gl — O\ T Y 2
u%&% wﬁ{% %ﬁ,@ﬁgaﬂﬂm% wﬁ{% %ﬁ ﬁ,%uz WDE

FE=EEE MR,
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SESE R AEAL SR A4 B & A AR

8.1 W& ALhxR

AEFREZE. RELTFRERER, ERPMRERENZE—IRR, FEEE
FEHSR. AI—FBMNNATEFERE, FRBTEFERENLEN: MEFFRE
BT 0898y, MARABRETRERIHT T R? HMNEZTE 8-1

v a

Kl 8-1 =B REEE

BME BRI A LEFINABBREARLN BN =AREIEMcE 2 BIRERRERIR, 4
FHE 8-1 KM, —N=ARE—BAERERN, —HOEFREIND, HB=AFLEE
BREINBEAN? MRBRNBEFERZRIN=RATLT % e FEEARE SetPixel(xy)
B, x. y FETREESEANRNER, FFUEASEIHAREBURT SetPixel REAISCEL, 20
F SetPixel FIWTALAR(xy)NE T REASMNERF LS E, BHatbrieskE, U
SHIL SetPixel REHMENBR(AZHHERSFRFHR EEBERAREBEEFETE
BHARSHEUARENER).

AT EMEIISE, FFABAMNER L RERECE, FH LT AATIE AT ' ZE -
=m#iTHEE, TE 8-2 Frak:

X
8-2 FMsEIK
EERAKOIFEEET z X NNEEMERE, XMNEFAT near FHE L. M
5 near TEFETHRANEF AL EIE far TEH, NWESTRENNABESIULEHZE
5 far TEAER, OSBRI A LR BRI EEET 2 WA5ETR . RS
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X near #1 far L HE 5 U & 5% B85 o] IS E| MM ERE, XU/ MNETZED A left. right. top.
bottom FH, XMANEAEMERER, REERS—MIROES, TERNHEART LR
WM. ATETERERER, RO Y HEAFDFESNENER, TIUEE—PEM
THE 8-3 l9FZIK:

Z
T far

1 eft I'ight

near

> X
8-3 MM IFIE
WRBAIM RN TR HTERRENEAREZZ G, B -1 REBNIAR, W TE 8-

4 ProR:
7z 7z

R - I
N [ ]/ -

left %»/7% right/leit right

O X O X
8-4 FiA=EZIREZ=EMNEL
BMNTUER, RASENAFR2SENTRMBUREZE, BEROAHEETRT —
MAERE A EEZWRE, FFAEERMERT —MER), REREDEMRSIRES
B A NE BRI R ERIRE, x. vy HENERERESE—NTE., B 8-4 FHATT

#3I5ATR, F—HTNRNREEHESHERN. AT HENER, FZMNE-—TATELESE
“HEemR, BE—TFEMzHMER, REILXNFE left. right AFERZ, HIEX

FEMRTIREFRER left. right A5, BR8] AKX MCTT BT A B9 AL ARt AL ik & 42
#Ro
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7 E—BRAERRE BRI EARE.

, xn
x' =—
VA
o
VA

b
Z’=a+E(b<0)

w =z
FEXFRuREATEEURERERA A, EEXNRELIRERKERX, HE
RNFUAEER. RAZHERRE T BFN)X. y »ELMTHRIZELIFNX. Y 2E, ~E
REEFEAFAHRET NI ERLIRRE, B EENA R EEREEE R BIERREEN
R BHRRENERE, RECHAZRRERLENERE, E2EEENE TUZE
IER—T),

8.2 WAAIRIIAREL

B EBNAAMIR, BOMERZLIRERBZEFE—EER, MEREZES
TR T — A BATT B R TR, EREETHRET, BNTE2URELTAE
HEE, BEA—MMEEA—NEMKE, 2 #HEENTEITERENAETA, RAERNE
HEX—TESNMBEMBAMKE, X, Y. ZHHAFRFEFAET, TE 8-5fix:

(-1,1,1) /
(1,1,1)

X
8-5 7. MM A MHEAETRIIFELIRFZLIR
AREFLIRF, ERENENSEORANAMKE, FEASEFEFOLIRN Xy
DEH0,0), MIEEFLERE x. vy WBUESEREIN[-1,1], RFZEIE near L EE far LHEAVRE
Bt AWALRA, REBESTCEM-11], BEEXMR D, BELIRNLIRSEER TR T (-1,
1,-DEI(1,11), BEIREMNE, RMNXELRETSXERAKELMLN, XEHEHIE—
ML, MRFEERSEAE 11, WEFRFARN— P REUNEEERN— M EAERT
RNEMREBEEN., (OpenGL KR &ELFFREEDF[-1.1], DirectX3D MK R ESEE X4
2[0,1], XERDERAEARKR, FNBEHERE T OpenGL —HAVREX (81 %I47).
BAIER & LFRAAFRSERER EE[-1.1], LEFRAELIE S LRI NDC(Normalize
Device Coordinates), @iZ®& 8-5 T [U%Ni& NDC ZEJRIA = B2 — A, XA
FREM R CVV(Canonical View Volume),

#5371



3D EEFFIAL %

BMNTENHEETHNRBNEARS 2R AETEDR, ATKBR
\Part2\src\chapter8\cvv,
BEBRMNFEN—TEARENITEAR, RMNZANTERZNNEANE TEX DA

W
x'=xn
y' =yn
z'=az+b(b <0)
w =z

ZRIEANARRAT n — 158, WEBR(IEIL near. far. left. right. top. bottom,
EEEX R REFRA n, fo 1L et b XA CVW BIAMNARERET .

BERMNETE AR, BHhY z BEEMN e = 7 NDC R R&M T, FE

Lx = I8, = =-1, Hx=rl, =1 SFRERELTMLrIEMEFED-11IKE, B

2nx

AT NEEIM TSR =2 CD B TR Xy, = - —

i—z 1-(-1) ’ -1 r-1°
FHIEZ D, CHREEI- 1L, BBR: o =t Clgay, -
z ’ HliELAH BESTR- T 1-(cn) IEYnde = 5T e

az+b

2 = 0+ ZHOITER x. y WITERERE, EHzuaf NDC FARRLHS

KHy, EEAAES, AFTMNEBEIREENHESEATITELR, BARMNKRABTERE a
b BERITT .

Hz=nff zey = a +§= -1 z=f i, zgp =a +§= -1, JEHTERNFR:

MZnac =

b
at+—-—=-1
n

+b 1
a+—-=
f

By ERERT UM =0 b= 2L FRANGHNRY AR

2nx
-  r+l

Xnde =

r—1 r-=1
2n

2nf
_ftn n—¢
Zndc = t—7
ERARZHFLTERRNEFSTENLER, WRBATFRERERS, FownE
FTz, IUBEMTAL:
2nx  r+1

x' = -

r—1 r—1
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, 2ny t+b
-
, f+n 2nf
Z=f—nz+n—f
w =z

HRAXHHMEIZES OpenGL FHSERNENREZ 2ARBE AR, FHAEMBME
ARNERAETFLIRR, RIFEFRINN ZHETENSER, MBEMNAARZRUEFRER Z
HIEFT 1 AV ALARAR .

BAELfE B EE2—T main.cpp FEY perspective &L, FE R ATUER A LEFT
REAT, REH—MIVEISHES T = ZECa bl MR OB R L.

BETRBANEFEN—T DrawTriangle HE, FAXDREBZAEINTREEHFE
FREERN, MREAMNR-LUXENS, FFXBNFEL-1X[ELIRE X Y D2
TN FRGRELR, XERFEA—EENEM THRRIT 5T .

118: /78 [-1,11Z ¥ % [0,width- 1]F1[0 height-1]

119: a.X = (@aX + 1) / 2 * (graphicsdevice.width - 1).//BE A FEZELFERA 0~ width-1, S E A 0 ~ height- 1 AT MIX iz HERE - 1),
120:a.Y = (@.Y + 1) / 2 * (graphicsdevice height - 1);

121: bX = (b.X + 1) / 2 * (graphicsdevice.width - 1);

122:bY = (b.Y + 1)/ 2 » (graphicsdevice height - 1);

123: cX = (cX + 1)/ 2  (graphicsdevice.width - 1);

124:cY = (cY + 1)/ 2 » (graphicsdevice height - 1);

BORFE main BERBEMNRANK-—D=/HF, TSN THER:

& 8-6 BFE{THER

8.3 K Z LT BIRLHEMR P #8

BIEIRATE T HETEIRHEZR A % left. right. top. bottom. near AMEE N =
EHEHE, Al rot. b BBERATRIESHGELERENE, A near BEEATRIER
BEEARNTF 0, TEFE OpenGL H DirectX3D 7R KR Z B EASSEINEE A far LHEH
TR, BRI A HIEL.

HAR—ERRNMER D ETTAZEHTH, BABRMNBRORIET =4SN EZ

KT ENTHRIFFRZBZEMAINEL, PRABAN AR AN B FH TR NN Eh AT
RS iE A,
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FAABLEFRZERMAA—FEL, FNBNERELERIDE, ZRMDEES
HEALTATHRINREES, XUT=HE, XM EETH SRR EELNAZ
H%. TAENR—T left a5, BAERE x. wHEREITHE 8-7:

W

& 8-7 left IhFAFRAIRMRE x. wWHETREE
TEFREXEA CVWEHE, left B Ax = —0lM—FEZ%, REBXEHN EEFHH
BXig, @i EERBNTINMEREZAEAx+ 0 =0, FANRLE ab FiA 5 left IR

AP, EILX?%E'JQ)—Z =-1, AARFIFETED b RptUE L, #ETE = -1 UBEFX

Xq+(xp—xg)t _ _1,:J:I%ﬁg$t — Xqtwg

wat(wp—wa)t XgtWg—Xp—wp°

BHEH), T right WAREBEINTE 8-8 mEE:
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BT _EE T UEE rightih

T IUEF Xgt(Xp—Xa)t __

w

wgt+(wp —wa)t

, it =

[&] 8-8 right 1

HhHRREE

AR Hx — w < 0, ZEx ab F right 3

Wg—Xa

Wa—Xq—Wp+Xp

>

NRZAPHIXR AL =1,
14

» #5 top. bottom. near. far iR E %

R1E, RBwrEMy. z 02 BE RREESEH R, BRITELAEE—T, S2ITx
8-1:
% 8-1 FIAFAMAER
5t AER1L ~ER 2 t{EA 1 tEAR 2
Xq + g wg + Xg
left x+w=0 w+x=>0
Xq T Wq — Xp — Wp (wa+xa)_(wb+xb)
Wg — Xgq Wg — Xq
right x—w<0 -x=0
. @ @ a)a_xa_wb"'xb (wa_xa)_(wb_xb)
Wq t Ya Wq t Ya
bottom +w=0 w+y=0
Y Y Yot Wg—Yp— @ (ya+wa)_(YD+wb)
top —w<0 w—v>0 Wq — Ya Wq — Ya
Y Y= Wg =Yg —Wp T Yp (wa_ya)_(wb_yb)
wg + 2z, W, + Z,
near Zz+w=0 w+z=20
Zg t+ Wq — Zp — Wy (Za+wa)_(zb+wb)
Wgq — Zg Wgq — Zg
far z—w<0 w—z20
Wq = Zqg —wpt+2p | (Wq —2g) — (Wp — 2Zp)

FRARER 2 ERER 1 THhik, BN tEAR 2 0E tEAR 1 THRE,
ZRRUX AT, EHTILRBREMSE EAEEAR 2HAREAL T RER 2 19
Wrgth, ST E LR, EOBGEILT, 5748, BEAIMIESEATH R
BRER 2

TEIROERNTREERS > —11E% lef AR MHSIEH, FA-BIINRLLEN
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BRiEZER NDC 245, FRIATEMNELIFETEELETNBE—FEL T, HHYw<=<0
NERRES B T HRNLIRA,

F—THRBEREBER —F near FTEMHE, AIURMNABTEERZTX M ITH#T
B, BEUXABAARITBORBRNT, XHERTHKT CVW NTEHFT. RKBRA
\Part2\src\chapter8\cilp_in_cwv,

AT Graphics.cop H ClipLine REEH—T, HS4K clip_flag F=om ABMA T H#H TR
5, EXPMRBPBRMNAAFR 2 M tELR 2 BD TREE.

# ClipAndDraw R#(H, FAMRRERARMARN = BEHTHE, BANZHESE
RBHEGE AR, PTIABRNTES T A MRARERSORBEMER, FEIT—RM
M EREAERBEMAMN, MEEXHINEWA, BHFTELIER BAOnL
MR BELDFRBEZERRHOMAAOZBRE, HEBLEEREZ A+, FIA=AEE—R
WHRBITTRE A 4 10, FREET I A0 5 1A, B ARZERZREND 9Bk,
FrAFRTHN RS BREMK K3, 4, 5, 6, 7, 5, 9, REBHHATENZOFFEIREIN=

Az, RIEWORERM DrawTriangle #1T24%), RBEFAIMAMERT . A7 MIXFEIL
R, IEFRE=ALA THNTRIREBEUALL near B/ —RME, BFETERNTE

8-9 Fiir, =ZAEA TABEE 7 —H7,

8-9 EFIZITHER

8.4 — ML LINRETEFITE LA P 1

BEREXAZMIRNES, — MU T EERRFELEBANTMA T, T A
BEINTE 8-10 AyERITFE
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JRRAL AR UM AR ey R IR AR bR

BRI
BAR IEAIH %A AR

8-10 =444
MEAXNMERABRHF AR =HELMNE—RE, BHENNERRNTNE=H=ERA L
BAM#EEE LR RE RAEEREE2ENMRERRERRRE L. BN, B0
FRELARE—NHRET L BNTUBE RS LGRS RRIEL ZEERERG=AF
FTEANE, RERZNEH#TEERE. ULRZOBEZEE—E, FZHRERIE
XA NMEREME LA FENE, HFERENAEERTEEZETFIRARNRTRE
E=
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B=H0: EHEBHITIRET &

BNEFE/N\ENNREEMNESRANERTELIMESR, FELTXLELSBIAILER
AIEREENER MK T, BB AE DAL SRR TIREY R, EEEAEREM
MITTE. AR EAEN OpenGL RYBRELKY RHRANVELARAITIEE, LI VBO. JRH
SHEMST =AM, REEM. GREM. WG, FAEMTRALRTR. SERHER.
BREEBBAEAERE, KEILEENER.
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I HYLRR TN RET+ R

9.1 OpenGL V& Y5 28 i

E—1EAKB T pipeline, BERKELNEE, BEREZLNENFR Render pipeline, 15
EZEMIERE, BNENEZETHPLTIEENEZTE main REFEX— = AR LFRATN
REMZERE, AEEEE Graphicslibrary FEE%, ERT—N=AFKZEBSE AR
HHNTEREBET— N=/AK, R—RELHTREN=AF, BARBEERESEETNR
i, FEHARFEEXLER S, FFSIE T IAZMS RN MES, aEANREBE
th# 1Y i VBO(Vertex Buffer Object),

OpenGL BJERRTEARB L TE 9-1 Frr:

T AURIERNEAE AR MR VS FARAA R ey B HHTJE I FFARAR

BRE

BRI W HIFS JREE AR A FEFRAAER

9-1 OpenGL JE4: 772

ERVINNEFEEMSAHEEHZIEET, XEEEEETIAN—LEE. AF
OpenGL RFEFMNAKM VBO FEE—M=AEMN=ATR, FNE—NTIRIER—XN
RECREF TNaEeRPERMSBEEITEALSR, FiNfTiesk. B, $%. BESE
PHE TR, REEFRAZ TN TR EN=ARETEY. ERFTEZEXNENLIHF
PITENRSE, RERREB(EOLIREE S RENESNREFRES TR E M THEE,
HEHENERERG R TECSREF B TEERRELHEGENHE. HTPRAFTFE
HITHREBEFTNAEIEZEEE. B VS(vertex shadenRHE. 4RE FS(fragment shader)
R,

9.2 BUGIATHITE G4

BATBERTMEDHRBETER, BAFEH VBO #HITESR, XA o] MAREE AR D
main BERIBUELE, KZRILE \partd\src\chapterd\section2 #,

B HAA GraphicsLibrary ZK3&10 VBO R BRIEXEE, 7E OpenGL ] UBIEZ
VBO, TiXBHTXMEMAE, AR AGFFEA vbol F vbo2, R —NMEHNXFEFE
ZEAXBETEZLIMENEE SMNEXEEAFFAXEREN, &
GraphicsLibrary.h F3f vbo B9E X :
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45: //7 X P4 VBO
46: doublex vbol = nullptr;
47: doublex vbo2 = nullptr;
48: size_t vbol_size = 0;//vbol AEANTISMEHNE M EHE
49: size_t vbo2_size = 0;//vbo2 FEANTISHMEHNE M EHE
50: size_t position_length = 0;// A TR S &
BAE A setVBO R KR E vbo FYMEXSHL, EIRE Y VBO S4UE draw REK=1E
A graphicslibrary ERELMA L . HMNENEB—ITNRIEA—AIRERREF X2
FRIZMRNENRIRBHHITER, BEIZMRNTIRARRMFRELIRR N AEY.
7£ GraphicsLibrary.cop £y 51 7, FATEE vbol F vbo2 ARiZTI =X R AR IG B 14 % 40
VertexShader &%,
51: VertexShader(vbol + i * vbol_size, vbo2 + i * vbo2_size, vertexs[i % 3], varyings[i % 3]);
ZERBERIN S REEHEEFTEMREE, 1. £H vbo ITEHIZMARE ZFINFX
AR, FERZALIRIRS gl Vertex T8, ZIMABIEANERFELR=AEMNEANTIR, 2.
EH voo ITHIZTN R EME, FHRZBMHEMS varying TE. 7 OpenGL 1, EMHMFT
REEHFNTNAERERENRAN, XNMNEERHFEAR L varying XE, hHEERES
B B ERETE L RN T EHRE varying TE.
VS FYSCILAE main.cpp F, ATE 9-2 FiR:

T T T T

T T
vbol| PO« I PO, I PO, | Pl« | P1, I PL. | P2« | P2, I P2,
1 1 1 1 1
VBO {
T T
vbo2 I 1
1 I

PO. | Plo 1 P1v | P2
|

P2,

9-2 vbo REME

BATHE vbol REBAEFNTS 3 NEM, vbo2 MR 2 NMEl, BERHFEXFAAM
REBRNNMETSZEZIRANBEEERGNE 9-2 LLEE), A1 vbo #HITEE,
SRIF1R & gl_Vertex 1 varying.
41: Point4 p(vbo1[0], vbol[1], vbol[2], 1);
42: gl_Vertex = Persective(p, -320, 320, -240, 240, 5, 20);
43: varying[0] = vbo?2[0];
44: varying[1] = vbo?2[1];

TR & Bar LA main.cpp B VS &EH, FAEM vbol M="METEENRFHNE
R, HIRAELRBHRNETE gl Vertex, REWK vbo2 HFMEEIZEIRZ varying.

BETRNOMEREAGET, BEXRUNRDRE, ZmEMNBIETRBEMMHE R
B, TR R R AR RN ERmR®T T, RERNEMSKELDFHR,
P IAS B I RHRIE 1S A & 1R varying BB =%, FRIAFE ClipTriangle R % 7 JLI7HREE,
HEHFZFHEM DrawTriangle RELH =K, RABEMLMBHESFT. FUER
FATIHETN R B ENRBEERSUKTE varying IR, EEAEAREHEEITES
MERER vraying 2 J5, ARATTEERIT, FTEBIRTE maincpp A9 FS H,

JRERZIRERBAHELRIRMNE OpenGL ERELFER, FrIABMNMRKEN
EFAK. BARMNETAREEFNARRET —B, FIUBRFETHRMNE/NE—1E—
B, BHRAWEEET .
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9.3 =M%

BANEE— 3D BEBEEHBEHSN=AEHETALN, FTH=AFRTHOIER AR
MR DREN = AT .  REBRINHSAENIL= AR AR = A E T =
A, WA 9-3 Fiik:

) 4 6

2
B 9-3 & EAF HENH=AF fINdG=AF
—MNEE AT UBERN=AESHET R, FRRTHOBE—NEAE, AT S5 TEE
FrABRBEE D HA—/NSBEE, FRE 9-3 hMAMHEF. FKNEFER 3ds Max FEIER
4 BAREL R RS, ﬁTuwﬁiﬁMﬁm_%ﬁMﬁm BE=AFAE, BITUXS
—AN=AEMERT, OTE 9-4 iR BINEXT —MENH=AF, Wiz=AFMNIER
B EELATEIN TR,

b C

Bl 9-4 =AM
JINAR, WF—MNERE=AERE NRZ=ARRdkE REEERELTR
TWN% AR, WEN=AFEERT SaHnRE, MIVARRESTE Z MEAENR
2 ARBI=AKNTE, MALRELXNTIRNEEXN=AFEHER, LIRE=
AREESREEN, hERELIRTRTHRE=AF, WMTE 9-5Fx:

B 9-5 =AEEHRERE
ME—NHFN=4ERFEMINRABEXREB—MABN=AT, X=AFKEEH
ERER, AR NUERMN2ZRENAERE, MEBIEEZIWEILANEEBRILT,
RN AR ESWERER, MTE 9-6 Arix:
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b

0 ’
"\ /
0y N
S N

0y .
0y /
. .
0y ’
\ 4
0y D
\ n
0 h
L
L
sl
)
0

9-6 EHREE
MEEPIATTAEE], b FELNETEPEFRN, WHNIZEK a FETERS. T
MBATE UE RISt = AR IRRE LN S = AR IBRRBF T EHADFRN=AT, X
MU UKBEENRDADENIZE, TR RERIRN SIS BUR TRESNRE =
TEEEX
RIEBRNEE-ZHINEEERLB? NI UFBEREREDN=AETTEE9H

i
C C
a///////\j\\\b a///i/\\\\\\\b

9-7 ¥R Et =AM E @ ER
WER 9-7 Fr, MRBNMEE—NURER@ING z HIETTRE, KFEEHR x HIETT

f, BEMA Ny HEARNETLRER, BLAERL EEHNERUMEEER RHE

LR L Aabc AR =AFE, EEXRKT 0, % Aabc AN E=HEFAEER
NTF 0, FABMNEHMNRAZHMERNENESEFT 0, RN TENDE 2 £RBRERH T

BB,
AT EL W \part3\src\chapter9\cew, FA1ZE GraphicsLibrary.h FFHIE T =4, BT
R ETAN -

17: #define _FrontFace_N 0 //normal AR5
18: #define _FrontFace_CW 1 //cw clockwise 1R IRASEF
19: #define _FrontFace CCW 2 //ccw counterclockwise {3881 R4t

RIS TE GraphicsLibrary XN R FE—AN & FrontFace B FIE k= A IGHAN], =
AN RIBERS LT =AFKAIS#TERESH 0 MM, mXRENNOUEI—/S
R, BT HEEIRA 0z, AR FrontFace 1Lk MEHTHE B EIRAIFT S HIBT:
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191: double square = aX*b.Y + bX+*cY +cX*aY -aX*cY-bX*aY - cX+bY/ BB ERERN 2 1%
192: if (abs(square)<le-15)/HEFRA 0 WA A=BEHLTF

193:{

194: return;

1953

196: if (FrontFace == _FrontFace_CW && square > 0)// 4 BER BRI ¢ = BB 2B [mEIR A EENEFE
197:{

198: return;

199:}

200: else if (FrontFace == _FrontFace_CCW && square < 0)// ¥ EEBR BT 5T = BB EH REIR AN AN EFE
201: {

202:  return;

203:}

BEETE main BE XS gl.FrontFace #TIRERI B REZTIR, FrARbHAEE T .
9.4 BFHRHT
BIEZS TXAANIR, BNEBRAREL—mESHNEE, MRFBNEELRE, B
LBNEEEXAARANZINER, AFILERERES LEASEREHRMTT . BAXTREIA
AR E BA— Ly, MLRMEMBBEEE, FEN ERiim 2 E m & LA B NSk ERE
ik, Bimigiits, AREEXRHMER.
9.4.1 _b—Mikk B8 H a5

MRBMNELFE—mEEZEHEELFE—MNER, MEHINEESMNAER,
& 9-8 Fir:

)

9-8 ZFE—M RHE M H—mE
BERLEH— =M, WE 9-8 L~ REIAAESE —MAIRRILX =BS5S
KTmiek—E A K, FRIL=ATEAERE, WRAELFE MR EZH BRIT—m
Hik, LM EIEEENAIER, PFABRMNEETS—mEmaRE, JRUEFEE
BRET—MFrA B R EIE, SRENREA—LEEBRNF RO AR EREIE.
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BRIBMNAEL RS2 ERNEIER FI— A% BN & BRRERN Z-buffer, FIB%RBS
SEREIERAEN, FEEVNSSERENKERAZRTEANER. A7 KIWXHEI
BE, FA14 GraphicsLibrary K#FIEH /N &£ clear_color # clear_depth, XN &£ 5 A
TERFEENHEIREZ AKX,
void clear_color(COLORREF c).// R BHRENEREN ¢
void clear_depth(double d)//#REZHX B REERE S d

AHEABEE LR EARNRRERBGRACHN T, BAMNREFERT std:fill
EXBFEHPXEKELIN, M EasyX M BT 7 — 1 EE cleardevice AT B FR, RFEHEE
FZ0] E AR M TTEER clear_color BRI,

Z BT clean_depth REINEABEA, HITEHEBER. BFANE main REFHEX—1

BER, St —mEE/AER 50ms, S4FH -z &R n FEER/N—<R, EF nENT
FT ONALER.

75: gl.clear_depth(1.0)//%REZHX PR EEIEEN 1.0, BABNIE cw BEFRET far FTEREEN 10, Bz
EEN=r

76: gl.clear_color(RGB(0, 0, 0)).// B R EERBEARE

77: gl.draw()//SEREE

BITREFITNEBE — M EHT/ =/,

9.4.2 ML

E—THREFELYNEEAENERT, EEX M EFE—LER ENTHNESFE
WIS EEE#HROAR . AABRNEEREEANRE—MERE—MERERIER, ERA)
ER-MEEMIESERANITEE, FUE—mEE T HRG—RrELERT T,
BREFEBINERNAETES, XEMMRESET & m#iERSE RNk,

AT BRXAEE, AMBIARE RS, A TE 9-9 Frr:

RS Ja i IX

9-9 WM REE

EEELFXESAIEPXFAEEAX, IZIXEEREFERFE fENBFXE,
MEEZHAXMEEIBEEERR, TUE—BREBMNRNEFEXE, BMZalasEGENEES
EHEEFEAXEEIE. MUMAERITTDIEERE XN ERZLHNBREBTEE X LH,
ELHTEEEEREEMX NEEEHZIFEAX, B AEFZEHX I EFEAREIZT/ TR
FIEZMATE], XA O] IXKIEE AR > E R N .

AL \part3\src\chapterd\double_buffer #1, F{1%c# GraphicsDevice X4 3
EX—MEAKX backBuffer, 7EAIEREHFHEHEYBM AR X —FEKR/N,
6: backBuffer = new DWORDJ[width * height];

FTEIERNELAREEAE windows F{FEFH EasyX FHREMRED, FEA Linux 89
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FrameBuffer 1 EasyX B B R MK SR A RRE, FINAREGRHERR, B2EERE—
HE, BXBNRFANBETEI—T.

FAHE GraphicsLibrary FArE XN EIE N X ARIEEER AN EEAX AVIRE, BERK
TIH%X@' SetPixel Eﬁ?ﬁﬂ'\]iﬁﬁﬁﬁ%%{%} SetPixel_Back, Q/\;EH clear_color @&E/ﬂ;fﬂm,ﬂ%&ygxq_
GraphicsDevice::clear_color_bcak #4Ti8A. FA17E GraphicsDevice F1 GraphicsLibrary #B#T
187 — /N flush, GraphicsLibrary F1A9 flush 8 GraphicsDevice #1#Y flush, XN ELE
F std:copy 5 EE X fEIRE SIF 3K B, 78 OpenGL ZE EXA R H0EE
fig Swap TR #ETEE AKX, MAMNNORBRIEFEIXEFZGEAX, RELIRHR
TigE, PrIXBRE A flush, BT RUEITT—TREFEIR.

67T



3D EEFFIAL %

BI0E FEFE

WEERE, — MR ATPNEFTAREER, BEEETLULTNNLFEEHRES

EMeEE BEIBMNEREAZETRENMANEEEEXA: EEEE] <RI EFE
PRI

10. 1B 520 b

BNEE/N\ENMEIEERRE T RERL A TENET
r+1
r—1
2ny t+b
“t—b t—b
f+n 2nf
:f—nz+n—f
w =z
MRBAVERIE == (8 FRYBIRR p(y.2) B RTFRLIRHELR pxy21) FEB—D
4x1 fFERER M, NTTIXERL:
f
P=|z
1

WMRBAVEIRE AN S B TR

,  2nx

=r—l

!

y

VA

ZI

r 2n r+1
r—1 Tr—1 0
2n t+b
b ‘fm Zof
+n n
0 0 Fon n=f
0 0 1 0
JINEH N TEFR:
r 2n r+1 ]
, r—1 Tr—1 0
;’ 0 JgL _Eik 0 ;
z ) b f{;;? 2nf i
w 0 0 f—n n—f
L0 0 1 0 |
BATT LA ENRT R THR, I L BB S SUSk A9E MR s IR
SRERE,
10. 245 FBUH
— M= PURS AT B AR A
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x' =ax
y' = bx
z' =cx

Hra, by c Ax. y. z =770 ERO%BIEE, PRIXTAIRM T UGS S —MERR
TIZEHIEE

a 000

0 b 0O

00 c O

000 1

NeT BRI TER:

x'T [a 0 0 O]rx
, |yl o » o ofly
P=121071o o ¢ oll|z
W' o o o 1]l1

10. 3°F 5 [E

R PNEHRNFBEEA > = (a,bc), NHHKTTEARA:

|

10. 4 e 5 R

x'=x+a

y'=x+b

zZ'=x+c
i

BARIFEAY T I A0 T e R T A

'\

[l e M)
= O o Q

0
1
0
0

S OO

W— D=4 P(xy.2) X z A HOSE 2 Sieds, BEAR6, WFHMAmRtEARA

x' =cosf@x —sinfy
{y’ =sinfx +cosfy
z'=1z

TRBANEFFAY T I BREFERIZ L

[cos@ —sinf 0 O]

sind cos8 0 O

0 0 1 0

| 0 0 0 1]

FEFHN T IUARMUBNAREE] I x 38 058 x dhieikorI5ERE

r1 0 0 07

0 cosa sina O

0 —sinoa cosa O
0 0 0 14

By B9 FiOGE y Hie s BRI AERE A
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cosp 0 —sinf 0

0 1 0 0

sinB 0 «cosB O

0 o0 0 1
BEIENE, LARMNREEMRERTATLER, MAMNBIINEEHREELT LR
APHTH, IHSSBES Y HRENTRER, BSX. Z#RENTREA2RIER
FMNBE—T. AHENZITEFLIRRAERANBEAES, BRNRBNEFBFEILR

BRABERIR, BAEAFLIFRANBARIEF ZERRAOXH,

AY AV
B 10-1 £ ZF 8RR A BFLERR
10. 5AAFRAR H 1] — LEH7 T
MRBAVRILT R P XS c(cy ¢y, c)EAFILER, B FANEMNZEENESIER
AR, FTIABATTINEIRTN S P #RBEE(—cy, —cy, —c,) T, REHITHER, FeitT
B2 FHEIRBRIE () ¢y ) FFEERANT], FEREREDR T INER e T EMALIRHE
&, RiEhki, REFEBXMERUNRESRE.
WIS P EFEET AB WA, T IFRTA
P, = AP
P, = BP,
BATT U XA DTG TR
P, = B(AP)
ERERFEESRE tEXMNFRFTINERK:
P, = (BA)P
A= MRFINELR LI T, MRBMNEXN TR #HIT n NE%, BAFRN TG
n NEIRMEER AT, REMTSAERED, A

P' = M;M, ..M,P = (M\M, ... M,)P
10. 6 58 i ie#% o) 1H|

FRARZMTREEFZE, XIFTE—EZEZNEMEREINR, rMREIMAHITF
AR, BB AR THIT EE o DU IR iR, R2E AR INEHE
FRAmE, NREREFETRESRE.

ARZRETE \part3\src\chapterlO\matrix &, FA1HE 7 — % Matrix AT —LE4E
EizHE.

7£ Matrix 3807 AFHREERRN REMeE FERIFREEMERE, TUEANE
TE ST RIE B4 BRAERE .

FE70TT
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H—NMNRLH NIRRT, BERAENM AR TIRE. %, BREHSE Tk, REW
T AR BRI TIE NI R Tt . MBI THAIFERFIR B I Model 2B/, Rttt SRAFRA T HE
RN ALER R AYFEFE AL View ZBFE, BEERE R U Perspective %BF%, FrIABE RS o
FERR T HRAN T ARTIA:

o' = PVMo

X
y
z

MRFAVE o WRATM[Z (R Hx v 2z 1], WETEFEHERDERE—TET, &%

1
AR EMo = OMVP = O(MVP), Xgi2 MVP JERERIEHSE. B AFAE Bk R AR
AMEALITRES, FrRRE AL View 2/ .

EAPEMRBEEAZTH, MURMNEEEXAEREE MARNHBH#TEXR
41: Matrix p_M = Matrix::Perspective(-3.2, 3.2, -2.4, 2.4, 1, 10),// B IR 56 %

# for BIRRFEENERES, BMNERETOREIBERR, RekE—ERER
Ok, SR T —MeRN=/A%.
84: auto move_1 = Matrix::Translate(0, O, -4);
85: auto rotate_1 = Matrix:RotateY(i);
86: auto move_2 = Matrix:Translate(0, 0, 4);

R=MEMEE—ERE MR, FAIA PxM F2] MVP 5.

87: mvp = p_M * move_2 * rotate_1 » move_1;

e shE |t E ZLE R,
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Fl1E EHERERRI]

MRFEFEBFIFNXE, RACLEFEFEXLEMIRT, BNENEFAEHNMIRES
BB MEREER 3D ELRH. AEBENA—LERIDELREEMNAIR, ILHIVELRE
BEHENER FAREARTTREIRE 5ELRLRNAE, WE R 3D AR FAT,
XETNETEMN EERHARNLESEZROND, AR MRDERT . BEAZNF
3, FAbsRES] 30 BEFMAKRITT .

L1 138 S e HEAR Y

BNz ERNE AT HEENPE EERF I RSERE, XMRFITARD T —_
BAREBUR, MRBUVER—NASHRE, ERF LEBRDAHERNAR ., AREFEF
B —MERRAIYRY Phong JERRREY, X/ MERFIRLLERGE R, SKHERBRES.

oo

n

11-1 Phong 8 R 15 #Y

BREMES —FEE—AFTERES, HMNEMRc=n*cosdFxFZFENTE, EH
c AmE.n AV EEEL, O FEELMNLRENXA, EXNARNFNRLIN] =1, B4
HBARTUEHic =nl, BNEOESFRRTUSETERE.

HANNERXNAREF—EE#, MRFEMNNEEEXAEER K, FEES
TRIEFHE, FTUTMINE—PRIREXREE a, RETENTEH:

c=nl+a

AERREFERRE =4 B P& RE, TR U ER EEF S ME

REMH, MTEMR:

a b a b
11-2 REMEEER
MR ab WA MAEEEEAE—, PBAEYEE LEE—SMEZLEH ab Aok
ZHmE—, WR ab HaEEEAHESE, NWFEEFEMNEEEHD ab HANHEEER. &
MNEHE 11-2 NERTTINER], R ab BaEEmEAEAE, NEmELmEXEE L2

BT, FAXMFET AR — L IR ERIER .
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11. 280384 B

BNEZRREREEFH2EA— M EEASTERGE X, IMEAKRE 44
B, RATATATET UEMRELETIEICE A R EA, XN UEREEEAE
AEEEWET, RAEARREREE, FFIXIM T — DR UL 24 fITTEZE69 bmp i
EIFHAL c IEE A, BB UBTHIE A BB,

11. SRR EE

@it 3ds max FTEBEERZ FSHERLLBINFIMTEMSIRE vbo EMNFE, Frid
BT — P REOEE obj iREI 4, FEIRMNE D BEKGSENREBEEHEFEAL
FARR, MBENERNLTRREELFLIRR, FEERIN S AR AR EMNNETER
zpERKR, BXBHNEZEINETES 3D HE XA T,

L1 4 fm— AR

BMNESZE_ENELH =AENRFEERBE -, FAH=AFERATRR2FRE
BEGRTR, MBRNESMUEE AR ESE ANGRLIREBEELY, XNHSSBEENLER
TTEHI L)@, thnAERBLIEIEAE x LIREBEFERSEFEE N, SBEE—
TETFT=AFAIMEILER, BNRANBRTAESBIBLEN sx M ex BIRRFIE=AE
RE MER N ERARRBEGERIITE LR — KON EE, R EZ{(1EEXE,
RIBER TEAERNIZ T IMREMRMER XN EE, rINXBEREN—NEGIE, FERZE
NEECERBANTHEEE,

R A TERSWERBM, 7 code\exercise BFE FHE T — a.obj #1 abmp
AR AHERFISEE, MREF]AXMERLIEEHIE code\part3\src\chapterl1\render
\model A T IAMEE N THERER:

11-3 BMEITEER
BERE: EAEXME=AFHNRE, BNETERHENREL T MRTERE, XH
THETENTE, TR
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sv3 | ‘ev3

N ~
-
Vb g C ve |-
/ /.ev/2
svl /ﬁ
A /
Va

11-4 $HRER=EE

BT IERENE—TREE, BIMEA vy HEETER—FPABE tENEREM
sv IEREM ev, BMNE=AFAL EEITE sv # ev BB EAsv. Nev, RFHEA svi=Va+
Asv, evl=Va+hev, BAMEAWFTEGIEXABEANERNEREN. ERMNR EEFH
BRMARYEERBEEERNMEEHE NWEREERNEME, mLEEF sv3 2]
FAEERMERNERE, T Vb =AM REME, TR Cth—8, mRMD
EIRSNEERE ARG, hsHREFMNEM, 7 partl BAFBMNELMERER
MEXAEE, MERSEVFEABURERER, BNXAXUMTETE tNEE, B
LHBRNERRE tERMNEE AERINMEAERN t EHTENRERE,

BAMRBEXAMC=AENNESE=AES BN TEM=AT, REF——EF,
RIE EEAST, EREENPAREPETREBEERABEHECAEMAMIEIL),

11-5 BR = AR RMIER
fRRTTE XA RIS ERILRE R, Bid kB RRRE 2 RIZRE T B TR 5],
PRRMER—DEIBERZMAIE, MREELH, BBEAHERNARAERE T—IT,

SEHERMN),
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ZZE:. BE bug zFH R \code\part3\src\chapterll\exercise H, ¥ {17
GraphicsLibrary.cop REMIE T WITRIEIMEER 7 XA [0
422: tleft = min(L, tlef)/AE B BH bug B, BHERAT, EEBEETEAT 170 HBE— SRR
BAE  REIZE/NF 1 BOE]
423: t_right = min(1, t_right);

EERBEIBRFRELUAE, A tEHET 7RSI, MRBEE partl FEYEM,
KAXMRIE, REEBEME Y SEE, KBHREIAE 11-4 F Vb #1 Ve RIT], ArIXFEEAR
NEENRIBETIRE, NREFNEXE, ANSFECEEERT.
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ABRERBE L EEZE github.com/yangzhenzhuozz/Renderer, IR XA B R AL
IR, BRIEBEFHREE 775697360@00.com.

76171


https://github.com/yangzhenzhuozz/Renderer
mailto:775697360@qq.com?subject=勘误--3D图形学知识汇编

	第一部分：预备知识
	第1章 在屏幕上绘制图案
	1.1 像素
	1.2 像素的抽象表示
	1.3 通过控制不同像素的亮度来组合成不同图案
	1.4 单独控制每个像素的亮度
	1.5 Windows和Linux上的程序实现
	1.5.1 使用EasyX实现windows下的像素绘制
	1.5.2 使用FrameBuffer实现Linux下的像素绘制

	1.6 CMake的简单使用

	第2章 直线和三角形的绘制
	2.1 线段的绘制
	2.2 三角形的绘制

	第3章 重心坐标插值
	3.1 插值
	3.2 重心坐标插值
	3.2.1 一维重心坐标插值
	3.2.2 二维重心坐标插值
	3.2.3 重心坐标插值的规律
	3.2.4 重心坐标插值在栅格化程序的优化
	3.2.5 多属性的插值

	3.3 二维纹理

	第二部分：进阶知识
	第4章 齐次坐标和透视投影
	4.1 齐次坐标
	4.2 透视投影
	4.2.1 二维透视投影
	4.2.2 三维透视投影
	4.2.3 用齐次坐标表示透视投影


	第5章 透视校正插值
	5.1 空间三角形的绘制
	5.2 绘制两个三角形拼接成一个正方形
	5.3 仿射变换导致的错误
	5.4 透视校正插值
	5.5 附录
	5.5.1 附录一
	5.5.2 附录二
	5.5.3 附录三
	5.5.4 附录四


	第6章 深度测试
	6.1 画家算法
	6.2 Z-Buffer算法

	第7章 裁剪
	7.1 一些裁剪的基本知识
	7.2 深度值的另外一种表示
	7.3 近平面裁剪的必要性
	7.4 裁剪的实现
	7.5 附录
	7.5.1 附录一


	第8章 标准视锥体和设备坐标
	8.1 设备坐标
	8.2 设备坐标的标准化
	8.3 将多边形裁剪到视锥体内部
	8.4 一个核心功能完备的渲染器出炉了

	第三部分：渲染器的功能扩展
	第9章 渲染器功能升级
	9.1 OpenGL渲染管线简介
	9.2 改造我们的渲染器
	9.3 三角形剔除
	9.4 屏幕刷新
	9.4.1 上一帧残留数据清理
	9.4.2 双缓冲


	第10章 矩阵
	10.1 透视投影矩阵
	10.2 缩放矩阵
	10.3 平移矩阵
	10.4 旋转矩阵
	10.5 坐标变换的一些技巧
	10.6 完成旋转动画

	第11章 走进图形学的大门
	11.1 漫反射光照模型
	11.2 纹理生成
	11.3 模型读取
	11.4 最后一个练习题


