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typedef struct{dcuble Xx,y,z}vec;vec U,black,amb={.02,.02,.02};struct sphere{
vac cer,color:double rad, kd,ks,kt,kl,ir}*s, *best,sph(]={0.,6.,.5,1.,1.,1.,.9,
(05, .2,.85,0.,1.7,4%.,8:, 45,1 4%.21.,.7,.3,0.,.05,1.2,1.,8.,-.5,.1, .8, .8,

L 135 3T, 045 058 10 2% R s 5.,1.,48,1.,7.,0.,0.,0.,.6,1.5,-3.,-3.,12.,.8,1.,

. 14,5.,0.,0,,0/,,5, 45, } ;yx;double u, %, tnia it ), tan() ;double vdot (A,B)vec A
,B;{return A.x*3.x4i.y*B.y+A.2*B.z;}vec vccnb(a,A,B}deuble a;vec A,B;{B.x+=a*

A.x;B.yt+=a*A.y;B.z+=a*A.z;return B;}vec vunit (A)vec A;{return veomb (1./sqrt (
vdot (A, A)),A,black) ; }struct sphere*intersect (P,D)vec P,D;{best=0;tmin=1e30;s=
sphts:uihile (s-~>sph) b=vdc<t (D, U=vcork (-1.,P, s->cen) ) ,u=b*b-vdoc (U, U)hs->rad*s
->:ad, u=u>0?sqrt () :1e3l.u=b-u>le-? ?b-u:b+u, tmin=u>=1¢-7&&u<tninbest=s,u:
tmin;return Lest;}vec trace(lev¥l,P,D)vec P,D; {dcublesd, eta, e;Vec Nitolor;
struct sphere*s,*1:;if(!level--)return black;if(s=intersect (P,D)) ;else return
amb; color=amb;eta=s->ir;d= -vdot (D,N=vunit (vcomb (-1.,P=vcomb (tmin,D,P), s->cen
))) s if (d<O)N=vee~b(-1..%,black),eta=1/eta,d= -d;l-wgs:uh Le (1=->sph) 1f ( (e=1

. =>k1*vdot N, U=vunit (vemmb (-1.,P, 1->cen) ) ) ) >0&&intersect (P, Uy==1) color=vconb (e

, 1->colenuzolor) ;U=s->Color; color.x*=U.x; colcf.y*=Uiy;color.z*=U.z;e=1-eta*
eta* (1-d*d) ;return vcomb (s->kt,e>0?trace(level,P, vcomb (eta,D, vcomb (eta*d-sqrt
(e),N,black))) :black, vcomb (s->ks, trace (level, P, vcomb (2 *d,N, D)}, vcomb (s->kd,
calor, veomb (s->k1,U, blas®) ) ) sjmain () {printf("sd $d\n", sg%) swhilefyx<32*32)
U.x=yx$32-32/2,U.2=32/8yx++/22,U.y#32/2/tan (25/114 /591 1¥, U=vigomb (255.,
trace(3,black, vunit (U)),black),printf ("$:0f $:0% ¥0f\n", L) }/*pixar!iphs/

%




(% %C0O)(



+ " + -%If %
(( ( (0 o ' o
(% © (% (. -% 12 %
%



o1 w

%

4
.

%

8

%

9



(%

((

(

%(

()



'( %( ( %" %, >%-% ?
« %( (%2 @@ %
% (( %w( (A % <@ @%



%

%

%

%




(% %( % ' (( ©






2E

)$

/

% :

%

%

%

B4




%

%

'G

"#)

%

58G

<
%

%
F

%

9

DC

%

%

%




H1J (( D DO ( 6 K L> M %L

% KG




48<

%

%







%

O&) *##
%

%

)#

%



)P




Q %! 7 4
8% 78+ C
JR $ )%




% %7 %







?8+

%

KG

%




% /:3 2S5 .= TA
8 " %% 3 , $$ ) )&
(( (> (% @% @@
! % /
+ 9

S5A










H 36B3 6 %! : - c 2 <.
1& ## # % A - 2 ) F)& ))









%




+ %1E% / -E % , B3 4

78+ H - %C () * & %++$ #$ F" )
% : G /| 4 B -2

H D I ?2.C S %++ 32<: 3% )%









(( ( (7 (;
(( ( K L&*M L6

(«( ( (%






% %




%

w b

%
%

BA
((

%

%

%58 C 6

B3

%

%




%

5%

9



o

%

%( %







%

%

5

18+

%7

%

%

Sw

?8+

%







%

%

2D

%

%




3HF



(«(

%

3

%

(

)))
()

%

)

X

%@

%







() &% % O#O$(%







%

%

%

&)



A8+
?8+

%

%

%
" =

<8+
N W8+ 5!8+

%

%




(«(

(

K L&)




8 3 %
A N# O

(( D (O)H0) (&(7

(: 5%&



%

%




%

%

%
%

%

%

&&



% %

%K,

6

100 .

K3

&*



%

5

9%

&$



&#



&ll



")















