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.>?1 7BIE 7BBEMI KI JE F;H<EHC #) >;7L0O J71Al 7J J>; CEIJ EFJ?C7B J?C,;

DEJ>;H KI; 971; M>?9> ;LEBL;I <HEC J>?1 9EC;| ?DJE FB70 CEH; ?D J>; 9E
J>?D=1 -EC; J?C; M; M7DJ 7 9ECFED;DJ EH =7C; H;I1?:;DJ ?D C;,CEHO 8KJ

J>;, B7TH=; C;CEHO ?DJ;DI?L; ?J;ClI IK9> 71 J;NJKH;I 7D: CE:;BlI ?D C;CEHO

971;1 M; 97D I1?CFBO KDBE7: J>; 9EDJ;DJ 7D: BE7: ?J 7=7?D M>;D J>7J 9EC
HKDD?D= 7=77?D

.>?1 :E;| DEJ E99KH ED J>; 9EDIEB; 8KJ ED IEC; M?D:EMI 101J;Cl 7D )- B;L
;L;DJ 97D E99KH IK9> 71 J>; 9B711?9 BEIJ =H7F>7?91 :;L?9;.>; CE:;HD ?CFB;
?H;9J2 7D: 2( DE BED=;H IK<<;HI J>?1 ?1IK; 8KJ I?C?B7H 971;1 :E ;N?I1JI

M; 9EKB: KDBE7: 7D: BE7: J>; =H7F>7?91 9EDJ;DJ >EF;<KBBO |7L?D= J>; =7

Update & Draw

>, KF:7J;, <KD9J?ED FHEL?:;1 DE H;7B IKHFH?Il; :E?D= M>7J ?J |70 ED J>

.>: 9EH; :D=?D;;H?D= 9ED9;FJ M>?9> ?| :D<EH9;: >;H; M>?9> CEIJ >E8807?|

<EH=;J JE ?CFB;C;DJ ?1 J>; |;F7TH7J?ED E< BE=?9 7D: :H7M?D=

)D 9EDIEB;I 7D: CEIJ CE:;HD =H7F>?91 101J;CI M; 87J9> FHE9;Il H;D:;H 9E(
J>;D F79A7=; J>;C ?D 7 <71>?ED JE I;D: JE J>; 'H7F>?9I| F?F;B?D; .>?1 :;9
KF:7J; <HEC J>; :H7M 7D: 7BBEMI J>; =7C; BE=?9 JE 9EDJ?DK; HKDD?D= N
F?F;B?D; ?1| FHE9;I11?D= 1>;D :ED; 9EHH;9JBO J>?1 C;7DI1 J>7J 80 J>; J?C;
<?D?Il>;: H;D:;H?D= J>; D;M <H7C; MEKB: 7BH;7:0 >7L; 8;;D FHE9;Il;: 7D: F
JE J>; H;D:;H;H H71J?97BBO ?CFHEL?D= F;H<EHC7D9;

.>?1 101J;C >EM;L;H C;7DI 8;<EH; J>; <?HIJ :H7M 97BB ?1 C7:; J>; ;=?D H7Y
C7:; 7D: 7<J;H J>; B71J 97BB J>; D: H7M ?I C7:, yHI7?D EF,H7J?EDI 97D
EF;H7J; ?D J>?1 I9EF; 1>7?B; C7DO EJ>;H <KD9J?EDI 9EIJ :H71J?97BBO ?D
I9EF;

)D; EJ>;H FE?DJ JE C;DJ?ED ?1 7BB =7C; 9ECFED;DJI >7L; 7 H;D:;H EH:;H
EH:;H .>?1 FB70I1 7 B7H=; HEB; ?D IEC; B7J;H 9ECFED;DJI

Services & Components

-;HL?9;1 7H; 7 9;DJH7B FB79; JE H;=?1J;H 7D ?DJ;H;1J ?D 7 I;HL?9,;, .>?I C;
D;JMEHA?D= =H7F>?91 7D: EJ>;H I;HL?9;1 97D 8; H;=?1J;H;: M?J> BBEM?
H;79J JE I;HL?9; B;L;B 79J?EDI .>7?1 BEEIl;, 9EKFB?D= FHEL?:;1 7 D;7J ;D=7
?21JHK8J;: MEHA ;HI M>?9> ?DJ;H79J M?J> |I?C?B?7H <KD9J?EDI

ECFED;DJI 7H; 7 M70 E< C7A?D= 7JEC?9 ;B;C;DJI JE 7 =7C; .>;I; 7JEC?9
97D 8; FBK==;: ?D 71 H;GK?H;: 7D: ?DJ;H79J;: .>?1 7BIE C7A;1 J>;?H :H7M
97BBI ?D:;F;D:;DJ 9ECCED ;N7CFB; KIl;: 21 7 <Fl HREKDIHH - #ED7
=;D;H?9 9ECFED;DJ M>?9> OEK EDBO M7DJ IEC;J?C;l 7D: H;GK?H;l DE ?DJ
=7C,;

ECFED;DJI -;HL?9;1 7BIE H;CEL; J>; D;;: <EH I1?D=B;JEDI ?D C7DO 971;lI



Screen Manager

#D>;H?J;: <HEC H7M78B;!7C; ECFED;DJ
.>?1 -9H;;D '7TD7=;H M?J> D;JMEHA 1J7J;]| M71 MH?JJ;D 80 J>; '"?9HEIE<J J;
DEJ 7BJ;H;: J>; 101J;C 9E:; 8KJ # >7L; MH?JJ:D I9H;;:DI <EH J>; I01J;C

# 9>EIl; JE KI; J>?1 101J3;C 71 ?2J M71 7 GK?9A M70 JE =;3 7 137J; C7TD7=;H ?

IKFFEHJ;: 1373, C7D7=;C;DJ 9>?B: 1J7J;1 DED 8BE9A?D=13J7J;1 7D: ?DJ;H7

D; JMEHA?D= 101J;C '";7D?D= <KJKH; ?CFB;C;DJ7J?ED E< CKBJ?FB70;H ME
717?:H

> -9H:;:D'7TD7=:H ?1 J>;: 9EH:; :B:C:DJ M>?9> ::9?2::1 M>?9> |I9H::DI JE H:D:;
7D: FHEL?:; ?DFKJ JE 7D: ?D M>7J EH:;H #J 7BIE >7D:B;1 J>; JH7DI?J?ED

-9H;;DI 7H; 7 I?CFB; 9B7I1l 1>?9> MH7F 1J7J; 8;>7L?EKH

Debug Renderer

#D>;H?J;: <HEC H7M78B;!7C; ECFED;DJ

*Ell?8B; J>; CEIJ ?CFEHJ7DJ JEEB ?1 :;8K==?D= 1>;D MEHA?D= M?J> I F
H;:D:;H F?F;B?D; ?1 H;GK?H;: | J>; H;D:;H F?F;B?D; ?I CEH; <EHC7B?I;: 7L
D;;: JE 8; IJHK9JKH;: ?D 7 87J9> 78B; <71>?ED

Problem: Render Order

)D; FHE8B;C ;D9EKDJ;H;: M7l ;DIKH?D=J>7J J>; H;D:;H 1J7J;1 M>;H; 9EHH;
J>?1 H;7IED ;8K= ,;D:;H;H M7 CEL;: <HEC ?1 1J7J?9 <KD9J?ED 97BBI ?DJE



9ECFED;DJ .>?1 7TBBEM;: KI JE IF;9?<0O 7 H;D:;H EH:;H M>?9> MEKB: ;DIKFE
B71J M?J> 7BB J>; 9EHH;9J H;D:;H 1J7J;1 )D,; B?C?J7J?ED M>?9> H;C7?D;:
:;8K= ?J;Cl| 9EKB: EDBO 8; H;D:;H;: <HEC 7 I?D=B; 0?;M *HE@;9J?ED C7JH"

Content Pipeline

.>; FH; FHE9;II?D= E< 9EDJ;DJ ?1 7 =EE: FH79J?9; ?D 7DO =7C; M?J> FH; (
2( ;D<EH9;1 J>?1 M?J> J>; 9EDJ;DJ F?F;B?D;

Key Benefits

R -J7D:7H:?1; :7J37

R *B7J<EHC -F;9?7<?9

R ,;:K9;l &E7: .?C;

R *H; FHE9;II

R #DL7B?: I1;JlI

R E:; #D@;9J?ED
.>; =7C; I>EKB: DEJ D;;: 7 FD= @F;= =?< :;9E:;H 8KJ ?DI1J;7: EDBO 7 IC7]
FH;:;<?D;: J;NJKH:;I #D J>; 971; E< J>; 28EN 9;HJ7?D >7TH:M7H; B;L;:B EFJ?
B?C?J7J?EDI D;;: JE 8; TFFB?;: JE J>;1; J;NJKH;I | J>; 737 ?1 ?D 7 1J7D:7

<H?;D:BO <7I1>?ED ?J ?1 7BIE EFJ?C?Il;: <EHF8B7UXBHT: IF28?k?9 D7JKH;
C;7DI M; 97D 7BIE ;B?C?D7J; KDIKFFEHJ;: <EHC7JI

'"SCEHO 8EKD:I 7H; 7BH;7:0 IF;9?7<?;: :H71J?97BBO H;:K9?D= J>; 8K<<;H EL
?D@;9J?ED J>H;7Jl 1>?9> <EH 7 9EDJHEBB;: ;DL?HEDC;DJ E< 7 9EDIEB;
=7C; 7TH; 9HK9?7B JE 7LE?: >79A?D= 7D: 9>,;7JI | M;BB 71 FEII?8B; KD;NF
<HEC 9EHHKFJ :737

1; 97D 7BIE >7D:B; 79J?L?J?;1l B?A; =;D;H7J?D= J;HH7?D <HEC >;?=>J C7F
HKDJ?C; J>; J;HH7?D ?1 7 1373?79 ;B;C;DJ F79A7=;: ?D 7D ;<<?9?:DJ <7I1>7?E
H;D:;H:H

.>:H; 7TH; C7DO 8K?BJ ?D FHEO9;IIEHI 7BH;7:0 MH?JJ;D <EH J;NJKH;l <EDJ
2'& M>?9> M; C7A; ;NJ;DI?L; KI; E<

Models & Animation

1>?B; 2( FHEL?:;1 7 CE:;B FHE9;IIEH M; H;GK?H;: 7 <;M J>?D=1 J>; 1J7D:7l
FHE9:;IIEH :?: DEJ FHEL?:; EH J>;1; M; D;;:;: JE ;NF7D: J>; F?F;B?D;
Skinned Animation

1; JEEA 7D ;N?1J?D=17CFB; <EH IA?DD;: 71 J>; 871?11 <EH J>?1 7TBJ;H7J?ED

?D JME F7HJI FHE9;I1?D= 7D: FB70?D= # M?BB H;IJH?9J J>7?1 |;9J?ED JE .
7D?C7J?ED :7J7



1; 1;B;93J;: 2 71 J3>; 1J7D:7H: <EHC7J 71 ?J >7: =EE: IKFFEHJ (EM <EH 7D
CE:;B M; 1JK9A JE |IA?DD;: CE:;Bl M?J> DE 1J7J?9 ;B;C;DJI -E J>; <?HIJ J7
;B?C?D7J; 7BB ;B;C;DJI M>?9> :?: DEJ >7L; 7DO M;?=>J?D= ED J>; J788B;
DEHC7B?1; J>; M;?=>JI1 IE J>;0 7BB 7::;: KF JE

| OEK 97D I;; J>;H; ?1 7 BEJ E< H;B7J?L; :73J7 J>;H; .>; <?HIJ J>?D= JE 9L
I7CFB?<0O ?1 J>; M;?=>J1 J78B; .>?1 97D 8; :ED; 80 B?C?J?D= J>; DKCS8;H |
8ED;lI JE <EKH#D H;7B?JO J>; H;GK?H;: DKC8;H ?I CK9> BEM;H #D IEC; FF
I>?FF;. =7C;I # >7L; MEHA;: ED M; >7L; KIl;: EDBO 7 1?D=B; 8ED; F;H L;HJ
8ED; ?D<BK;D9;l 7H; CEIJBO H;GK?H;: <EH IE<J ?J;Cl -K9> 71 <79;1 7D: C
80 J7A?D= J>; <EKH IJHED=;1J ?D<BK;D9;I 1; 97D J>;D J7A; J>7J :7J7 7D:
L;HJ;N :7J7 7TBED= M?J> FEI?J?ED 9EEH:?D7J; 7D: EJ>;H ?D<EHC7J?ED 71
J>:H;

1, 7BIE <B7JJ;D J>; JH7DI<EHCI ED J>; CE:;B C;I> F7HJI 2 ,NFEHJI ;79>
EMD 9ECFED;DJ M?J> 7 H;B7J?L; JH7DI<EHC O JH7L;HI?D=J>; JH;; M; 97
781EBKJ; JH7DI<EHC <EH ;79> DE:; H;CEL?D= J>; H;B7J?L; JH7DI<EHC

1, J>;D M7DJ JE :E J>?1 17C; <B7JJ;D FHE9;Il ED J>; IA;B;JED 7D: 8ED;Il .:
;B;C;DJ ?1 J>7J 7BB A;O<H7C;lI M?BB >7L; H;B7J?L; :7J7 .>; IEBKJ?ED JE .
#DL;HI; ?D: *EI,; O IJEH?D= J>; H;1J 1J7J; E< J>; CE:;B M; 97D KI; J>7J J
CE:?<?;: FEI?J?EDI 80 CKBJ?FBO?D= J>; H;B7J?L; JH7DI<EHC 80 J>; ?DL;

1; 97D <B7JJ;D J>; 8ED;I ?DJE 7 B?1J KI?D= :;FJ> <?HIJ JH7L;HI7B 7D: IJE
.>?1 :DIKH:;l 8ED:I M?BB 8; KF:7J;: ?D J>; 9EHH:9J EH:;H M?J>EKJ J>; D:::
JH7L;HI7B 7D: J>7J J>; :7J7 ?1 CK9> CEH; F79A;: H;CEL?D= H;<;H;D9;I

Problem: XYZ vs XZY

.>;, MEHB: ?1 <KBB E< :?<<;H;DJ M70I JE :E J>?D=1 .>; 9B711?9 971, ?1 7HJ

<HEC 7D: FHE=H7CC;HI <HEC DEJ>;H 9ECCED ?1IK; ?1 J>7J 7THJ?I1J 7FF



?D :;=H;;| 7D: 243 9ED<?=KH7J?ED ?DI1J;7: E< 234 .>7TDA<KBBO # M7| 78B;
':NFEHJ;H <EH -JK:?E '7TN M>?9> >7D:B:;: J>?1 9EDL:HI?ED ,;CEL?D= J>;
?CFB;C;DJ J>?1 ?D J>; EDJ;DJ *?F;B?D;

Problem: Non-Identity Bind Pose

# BEIJ 7 M;;A E< :;L;BEFC;DJ J?C; JE J>?1 JH?9A0 B?JJB; ?1IK; #J JKHDI |
IA?DD;: 7D: J>;D J>7J IA?DD;: CE:;B ?1 7TBJ;H;: 7<J;H J>; IA?DD?D= ?I| :ED;
<KDAO 8?D: FEI; 1>?9> E< 9EKHI; C7A;l 7BB J>; 7TD?C7J?ED =E I9H; MO 1
C7DO >?=> ;D: ?CFEHJ;HI 7D: L?;M;HI 9ECF;DI17J; <EH 7 9EHHKFJ 8?D: FEI
J>;0 97D JE C?D?C?P; J>; ?CF79J ED J>; MEHA<BEM M>:D 7D 7HJ?I1J C7A

.>; ;HHEH ?1 >?::;D 80 C7JH?N C7J> 7D: M>;D KI?D=L?;M;HI JE J;1J J>; C
MEHA?D= IE 71IKC;: J>; :7J7 CKIJ 8, 9EHH;93 .>; H;7BBO 9ED<KI?D= J>?D
J;1J CE:;BlI MEHA;: <?D; 8KJ J>; 7TD?C7J;: >7D: @KIJ MEKB: DEJ MEHA 9EH
CK9> :;8K==?2D= J>?1 M71 J>; ?1IK; M>?9> 97KlI;: C; JE MH?J; 7 <KBB :;8K=
9ECFED;DJ # <EKD: 7 <EHKC FEIJ :;I9H?8?D= J>?1 ?1IK;

<J;H 1J7HJ?D=7 D;M CE:;B # :?I19EL;H;: J>; :7J7 M71 7J <7KBJ .>?1 ?BBKI
1?7<<?9KBJO E< ?IEB7J?D= J>; ?IIK; ?D 7 9ECFB;N F?F;B?D; #J ?1 <KHJ>:;H
1?<<:;H:;DJ F;EFB; EH :;F7THJC:;DJI >7L; H;IFEDI?8?B?JO <EH :?<<;H;DJ I;9
<BEM

Problem: Multiple Animation Tracks

> 2 ;NFEHJ;H J>7J # M7I1 78B; JE =;J <EH -JK:?E '7TN :E;I DEJ IKFFEHJ
E< CKBJ?FB; 7D?C7J?ED JH79Al -E # D;;:;: 7 M70 JE IF;9?2<0 D7C;: 1;9J?E
7D?C7J?ED <EH B7J;H H;<;H;D9; .>; IEBKJ?ED ?D J>?1 971; M71 JE ;NF7D:
FHEO9;IIEH J;NJ <?B; M?J> J>; I7C; D7C; 71 J>; CE:;B ?1 BE7:;:

.>; <EBBEM?D= I?CFB; :7J7 <EHC7J M7I1 7=H;;: KFED

Animation Name, Start Key, End Key

.>; FHE9;IIEH J>;D IFB?J J>; 7D?C7J?ED :KFB?97J?D= J>; H;GK?H;: A;0I 7
J?C; L7BK;l E< J>; 7D?C7J?ED :7J7 *HE:K9?D= CKBJ?FB; D7C;: JH79AI <E

Custom Effect

1?J> J>; ?DIJHE:K9J?ED E< I>7:EM?D= M; D;;:;: 7 =BE87B ;<<:9J M>?79> 9EK
ES8@;9J1 .>?1 M7I1 7BIE ?DJHE:K9;: <EH EFJ?C?I17J?ED H;71EDI #J M7I1 ?D I
J>; CE:;B 7J HKDJ?C; 71 ?J MEKB: C;7D KDD;9;II7HO C7J;H?7B J;NJKH;I 7]
8; FHE9;Il;: 7D: ?D9BK:;: ?D J>; :7J7 (EJ JE C;DJ?ED J>; */ 909B;!| IF;DJ
7D: =7TH87=; 9EBB;9J?D=

-E M; M;DJ M?J> 7 J;NJKH; M?J> =BE87B ;<<;9J CE:;B ,;C7FF?D= CEIJ CE:
H7DA <<:;91J

Game Props

7J7 H?L;D ?1 J>; CE:;B JE M>?9> 7BB J>?D=1 7TH; CEL?D= .>; 9ED9;FJ E<
‘H?L?D= ;L;HO 79J?ED ?I| EKJ:7J;: 7D: H;IKBJI ?D 9E:; M>?9> ?| DEJ H; KI7
H; 9ECF?B?D= JE 7:@KIJ IEC; L7BK;lI BIE 71 =7C; J;7Cl =HEM B7H=;H 7HJ
1?=D;HI D;;: JE 7TBJ;H BE=?9 7D: 8;>7L?EKH E< =7C; ;B;C;DJI M?J>EKJ =;.
9E :;



.>?1 2?21 J>; 971; E< J>; =7C; ;B;C;DJI <J;H BEEA?D= 7J J>; L7TH?EKI EFJ?E
2( >71 7D 7KJEC7J?9 2'& I;H?B?I7J?ED 7D: J>7J ?D J>; CEIJ H;9;DJ L;HI?E
KJEC7J?9 2( I;H?7B?P7J?ED

71?797BBO ?< OEK 9H;7J; 7 9B711 7D: C7THA ?J KF M?J> J>; 9EHH;9J 7JJH?8
OEK 97D B?DA 7D 2'& <?B; JE J>, :7J7 .>, EDJ;DJ *?F;B?D; 97D J>;D =,;D,;

?D7HO EHE?B;l M>?9> 9EDJ7?D J>; E8@;9J :7J7 ?D 7 <71J JE H;7: <EHCY
J>H;; 871?79 FHES8B;CI

.>; 9B7I11 D;;:1 JE 8; ?D 7 I;F7TH7J; FHE@;9J JE IKFFEHJ H;<B;9J?ED N
B?DA J>; :7J37
.>; (. H;<B;9J?ED *# M>?9> 197DI| J>; ?D:?L?:K7B <?;B:l 7D: FHEF;}
H;7:1 FK8B?9 <?;B:l 80 :;<7KBJ 7D: D;;:1 7 BEJ E< >;BF M?J> 9;HJ7?L
.>; =;D;H7J?ED E< J>; H;<B;9J?ED B?1J ?1 L;HO IBEM

.>; *HEFI1 J>;CI;BL;l 7H; ;NFB7?D;: ?D CEH7C:JY®®:®PDiIF?ED

Problem: Separate Data

.>:1; FHE8B;ClI 9EKFB;: M?J> J>; FEBOCEHF>?IC ?IIK; C;7DJ J>7J J>; :7J7
JE 8; I;F7H7J;: <HEC J>; HKDJ?C; 9B7II;l .>; EL;H>;7: M71 @KIJ JME >?=>

9B7I1l M>?9> MEKB: DEJ 8H;7A J>; H;<B;9J?ED 8KJ MEKB: 7BIE >7L; J>; H;(

.>; JME 9>E?9;1 M;H; JE I;F7H7J; J>; :7J7 EH @KIJ MH?J; 7 <KBB 9KIJEC E
FHEFI .>; <KBB F?F;B?D; M71 DEJ 7 9>E?9; :K; JE 19>;:KB?D= IE J>; :7J7 |

-;; B7J;H <EH J>; FHE8B;C E< HKDJ?C; 9H;7J?ED 7D: B?DA7=;

Renderer

.>, H;D:;H F?F;B?D; ?1 7 9ECFB;N J>?D= JE C7?DJ7?D ?D 7 =7C,; *,;H<EH
9EKFB?D= <B;N?87?B?JO LI ?CFB;C;DJ7J?ED 9ECFB;N?JO .>;H; 7TH;, C7DO
8KJ DEJ I1?D=B; ?:;7B IEBKJ?ED >71 8;,D <EKD:

Scene Graph

.>;, 1EHB: '7D7=;H M71 CO C;J>E: E< 9EDJHEBB?D= 7D: C7D7=?D= 7 19,D;



World

.>;, MEHB: H;FH;I;DJI ED; 19,;D,; EH ?DI1J7D9; ?< OEK M7BA <HEC EKJI?:; J
8K?B:?D= OEK 9EKB: IJEH; J>; ?DJ;H?EH 71 7 I;F7TH7J; MEHB: .>?1 97D 7B/
C7D7=; M>7J H;D:;H 737 ?1 FH;I;DJ ?D J>; =7C,; 7J 7DO J?C,

Problem: Special Case Objects

123> J>; ?DJHE:K9J?ED E< IF;9?7B 971; ?J;ClI B?A; J>; IAO IF>;H; 9BEK: 8
I7CKB7J?ED M; D;;:;: JE ADEM ?< J>;l; J>?D=1 M>;H; ?D J>; 19;D; 9EDI?1.
19>:C; I;;C;: 7 1?BBO M70 JE :E ?J

-E KI?D= ,..#,KDJ?C; .OF; #D<MHOEKEBED;J;HC?D; J>; JOF; E< 7D E8@;9J
9EKB: <?D: 7D E8@:;9J 80 JOF; 1; 7BIE 7::;: 7 KD?GK;
KFEB?97J;1 | J>;H; ?1 DE 971; M>:H; 7 19:D; MEKB:

:
<B7= M>?9> C;7DJ |
>7L; JME TAO IF>;H;I <I

.>?1 IEBL;: J>; D7C?D=19>;C; FHE8B;C 7D: ;DIKH;: :KFB?97J;1 M;H; DEJ 7:

Problem: Multiple Render Passes

1?J> J>; ?DIJHE:K9J?ED CKBJ?FB; H;D:;H F71I;1 M?J> IF;9?7B H;GK?H;C;DJ
;DL?HEDC;DJ C7TFF?D=J>; H;D:;H 97BBI D;;:;: JE 8; EFJ?C?Il;: .E J>?1| ;D:
<KD9J?ED M>?9> MEKB: =7J>;H 7BB J>; E8@;9JI1 871;: ED 871;: 7D: :;FJ> 1]

<B7J 7THH70O 9EKB: J>;D 8; KI;: ?D J>; H;D:;H F71l ?D 7 CEH; EFJ?C7B <71>



Base Object
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/IDBE7: ?1 7 1?CFB; <H;; C; KF 97BB .>; 79JK7B H;CEL7B ?1 >7D:B;: 80 J>;
7TBBEMI| <EH F711?D=)8@,;9JI 8;JM;;D MEHB:I M?J>EKJ J>; D;;: <EH H;BE7:"
J>;H; ?I DE 79JK7B :;B;J?ED 8KJ ?DI1J;7: =7H87=; 9EBB;9J?ED M>;D DE 791
FH;I;DJ JE J>; E8@;9J
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D;7JD;Il 7D: F>71?D=

IF:73; ?1 M>;H; 7BB BE=?9 I>EKB: E99KH DEJ>?D= H;7BBO <7D90O

*EIJ /F:7J3; >7D:B;1 J>; H;D:;H FH;F;H7J?ED EH ?DIJ7D9; OEK M?BB DEJ?¢
JH7DI<EHC 7D: 7 H;B7J?L; JH7DI<EHC .>; MEHB: JH7DI<EHC ?I KF:7J;: 80
.>?1 7TBBEMI J>; H;D:;H;H JE DEJ MEHHO 78EKJ >;?H79>0 E< ?J;Cl )FJ?C?
7D: ;<<;9J IEHJ?D= 97D J>;D 8; :ED; -;; =7J>;H E8@;9JI

H7M(E:; I?CFBO >7D:B;l J>; H;D:;H?D= E< J>; E8@;9J

World Attach

.>?1 IEBL;: 7 A;0 ?IIK; 1; D;;:;: IEC; M70 JE 9;C;DJ =7C; E8@:;9J!1 ?DJE J>;
8KJ ESL?EKIBO M; :?: DEJ M7DJ JE J?=>JBO 9EKFB; =7C; BE=?9 JE J>; 1E}I
IEBKJ?ED M71 J>; ?DJ;H<79; J;9>D?GK; J>7J] FHEL?:;I DO ES8@;9J M>?9

9EKB: J>;D H;9;?L; KF:7J;1 7D: DEJ?<?97J?EDI <HEC J>; H;D:;H 101J;C ?D .
Model & Animation Object

'E::B E8@:;9J :E;l 7 BEJ E< >;7L0O B?<J?D= ?D J>; FHE@;9J .>; CT@EH?JO
CE:;B :7J7 1J7J?9 EH 7D?C7J;: 1?J> J>; ?DJHE:K9J?ED E< I>7:EM?D= M; |
?DJHE:K9; J>; =BE87B ;<<:9J
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7D?C7J?EDI

Target Camera

.>; J7H=;J 97C;H7 I?CFBO JH79AI1 7D E8@;9J ?D IF79;

Obit Camera
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Problem: Polar & Spherical Coordinates
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9EEH:?D7J;I

Sky Sphere
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?CFB:;C;DJ;: ?D J>; F?N:;B I>7::H
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?D7BBO J>; 9>;HHO ED J>; JEF M71 J>; 9BEK:l .>; A;O J>;:H; M7I1 J>; IM?l
D;;:1 JE 8; 7TFFB?;: JE J>; 9BEK:I 7D: J>;D B70;H;: JE 79>?;L; J>; 8;1J 7<<;
>7: JH?;: KI?D= *;HB?D (E?Il; 7D: EJ>;H <KD9J?EDI 8KJ ?D J>; ;D: 7 J;NJKH
IEBKJ?ED "?1 ?CFB;C;DJ7J?ED KI;: J>H;; 9BEK: C7FI 8KJ M71 >?=>BO ?D E

# H;MHEJ,; J>; I0O1J;C JE KI; ED; 9BEK: C7F 7D: H;:K9;: J>; ?DIJHK9J?ED 9E
H;7IED78B; B?C?J # 79>7?;,L;: J>?1 80 B70;H;: J>; IM?HBI 7D 7FFBO 7 D;=7
:H713J?97BBO ?CFHEL;: J>; IAO 8EN ;IF;9?7BBO 7J D?=>J )D9; # CE:?<?;:
I>?D; J>HEK=> J>; 9BEK!:I

Shadows

->7:EMI 7H; 7D ?CC;DI;BO 9ECFB;N IK8@;9J

> <?HIJ I1J;F M71 JE :;97?:; ED 7 I>7:EM C;J>E: "7L?D= H;I;7H9>;: ?J 8;<E}
JE JHO ?CFB;C;DJ I>7:EM C7FF?D= KI?D= 7 CKBJ?F7I1l I>7:EM 7D: I>7:;H
?CFB;C;DJ7J?ED #D EJ>;H MEH:I LEBKC;JH?9 I>7:EMI 8KJ DEJ KI?D= J>;

1>7J OEK :E ?1 <?HIJ OEK =7J>;H 7BB I>7:EM 971J;HI 3EK J>;D 97B9KB7J;
>?21 M71'7 JH?9A0 1J;F .>; 97C;H7 ?1 DEJ D;9;1l17H?BO BEEA?D=7J J>; 9,;D
-E OEK =;J J>; 8EKD:I E< 7BB 971J;HI J>;D ;NF7D: ?J 871;: ED J>; L?;M E<<

.>?1 =?L;1 OEK 7 B?=>J L?;M FHE@;9J?ED C7JH?N M>?9> OEK J>;D KI; JE
8KJ KI?D= DE J;NJKH;I EH B?=>J?D= 3EK I7L; J>; :;FJ> JE 7 H;D:;H J7H=;.

EH -?D=B; BE7J CE:;B JE ;DIKH; C7N?CKC 799KH790 BIE 8;97KIl; 971J
9BEI;H JE J>; 97C;H7 7D: J>; M70 <BE7JI 7H; EFJ?C?P;: ?2J 1| 8;1J JE IK8JH
<HEC BB H;IKBJI CKIJ 8, DEHC7B?I1;: 71 ?2J3 1 7 :;FJ> 8K<<;H

.>; H;IKBJ M71 L;HO 8BE9AO 7D: K=BO .>?1 M7I1 :K; JE J>; H;D:;H J7H=;J 8
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tH713?9

J <?HIJ # JH?,: ICEEJ>?D= J>; I>7:EMI KI?D=* *M9?D3I7Kl;1?7BI;H?D=
*E?IIED ?1A DE?I; =;D;H7J?ED C;J>E: <EH ;L;DBOJPRIIHTEIC.KBE?D B
D;7H80 FE?DJI 7D: J>;D ICEEJ> J>; H;IKBJ .>; H;IKBJ M71 8;JJ;H 8KJ BEE.
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D0?:?7 *;H9;DJ7=;, BEI;H -E<J ->7:EMI 80 ,7D:?C7 ;HD7D:E 788H;L?7J;:
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871;: ED J>; F;DKC8H7Y
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9713 7 IE<J 8BKHH;: I>7:EM NJH;C;BO :?21J7D9; E8@:;9JI1 971J 7TBCEIJ DE 1I:
1J?BB DEJ GK?J; =EJ J>; DKC8;HI H?=>J 8KJ J>; C;J>E: ?1 ?D FB79;

Cloud Box
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I7CKB7J; :;FJ> 80 FHE@;9J?ED :EMD J>; 9BEK:I 7D: 9H;7J?D= I>7:EMI .>;
F>01?97B :;FJ> C;7DJ 9BEIl; KF >EM;L;H ?BBKI?ED M7l >EHH?8B; 7D: 71 J>
>7L; I>7:;H CE:;B # 9EKB: DEJ 7BJ;H J>; :;FJ> ?D J>; F?N;B I>7:;H 871;:

C7F

JJ>; ;D: E< J>; : 70 # :;;C;: ?2J ?D7:;GK7J; 7D: CEL;: JE J>; M7J;H IEBKJ?E
I101J;C MEKB: >7L; MEHA;: ?< 7 9BEK: C;I> >7: 8;;D 9H:;7J;: 80 7D 7THJ?1J E
F7THJ?9B; I?CKB7J?ED M71 KI;:

Water

#< J>; ?2IB7D: M7ID J <BE7J?D= ?D J>; 9BEK:l1 J>; D;NJ BE=?97B 9>E?9; M7
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J>;, M7J;H I?CKB7J?ED ;L;HO 2 C?BB?I;9ED:I J 7BB EJ>;H J?C;l OEK @KIJ
FH,L?EKI 7D: 9KHH;DJ 8K<<;HI 7D: I7L; ?J JE J>; <?D7B .>?1 =?L;1 J>; ICE
GK7B?JO 7D: <BEM M>?9> C7A;l ?J BEEA CK9> D?9;H

79> KF:7J; E< J>; I?CKB7J?ED OEK I?CFB; I7TCFB; J>; IKHHEKD:?D= FE?DJ
8K<<;H 7D: 7L;H7=; ?J EKJ 7FFBO?D=7 :7CF;D?D= <79JEH JE 799EKDJ <E
J>:D IM7F J>; 8K<<:;HI



.>;, 8KEO7D90O 7D: :;DI?JO M;H,; 7 H;7BBO JH;7J .KHDI EKJ ?< OEK 97D 711
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97B9KB7J; J>; 8KEO7DJ <EH9; M>?9> ?| 7BM701 EFFEI?J; 7D: H;B7J?L; JE
7TBM70I1 KF

?IFB79;C;DJ 97D 8; :ED; 80 1;JJ?D=J>; >;?=>J 7D: HKDD?D= 7 JME F7I1 9°
"EMDM7H: <EH9,; 7D: 8KEO7D90O <EHPY;

> =H7F>?97B C;I> E< J>; M7J;H D;;:;: JE 8; C7:; 7J HKDJ?C; JE EH:;H .>;
7D: =H7F>?91| :?C;DI?ED D;;: DEJ 8; J>; |I7C; .>?1 7TBBEMI| JE 87B7D9; 8;JM
'*/] BE7: #J I>EKB: 8; DEJ;: J>;H; ?1 7 IB?=>J F;H<EHC7D9; 8EEIJ ?< J>;0

Environment Mapping

#D EH:;H JE C7A; J>;, M7J;H BEEA =EE: OD7C?9 DL?HEDC;DJ C7FI D;;:;: J
.>;, BE=?97B 9>E?9; M71 7 9K8; C7F 71 ?J | IKFFEHJ;: 73 7 >7TH:M7H,; B;L;B
GK7B?JO H;IKBJI

#D EH:;H JE :E 7 9K8; C7F OEK D;;: JE H;D:;H J>; 19;D; I?N J?C;l ED9; <El
7 9K8; M>?9> ?1 7 B7H=; 9EIJ 8KJ 97D 8; :ED; 7J 7 IC7BB;H 1?P; <KHJ>;
M71 JE EDBO H;D:;H J>; TAOIF>;H; 71 J>7J M7I1 J>; 8KBA E< M>7J M7I H;<B;
;:DL?HEDC;DJ C7F

.>;, D;NJ FHE8B;C ?1 7 9K8,; C7F ?1 EDBO 799KH7J; <EH 7 FE?DJ :?H;9JBO 7
EJ>;H FE?DJI OEK D;;: JE <7A; ?J 3EK :E J>?1 80 =;33?D= J>; H;<B;9J?ED
FHE@;9J?D= ?J ?D 7 L?HJK7B E8@;9J

.>;H; 7H; JME C;J>E:l .>; CEH; 799KH7J; 7D: ;NF;DI?L; C;J>E: ?1 JE FHE@
<HEC 7 FE?DJ 7D: =;J3 J>; ?DJ;HI;93?ED M?J> I?N FB7D;Il .;1J?D= M>?9> BI
97D:?:7J3;, .>; EJ>;H M70 ?1 JE 71IKC; 7 L?HJK7B IF>;H; ?DIJ;7: E< 7 9K8,
?DJ;HI;9J?ED FE?DJ ?1 =E?D= JE 8; 7J 2 :?1J7D9; <HEC J>; 9;DJH; FE?DJ
7B=;8H7 7D: J>; ;L;H BEL;: 7D: EFJ?C7B :EJ FHE:K9J OEK 97D =;3 7 :?1J7D
FEI?J?ED =?L?D= OEK 7 CE:?<?;: DEHC7B

Game Objects

Data Manager

.>; <?HIJ FHES8B;C 71 H;<;H;D9;: JE ;7HB?;H M7l J>7J J>; :7J7 D;;:;: JE 8; =
1;JJ?D=1 7D: E8@;9J 9H;7J;: <HEC J>EI; 1;JJ?D=I

.E J>73 ;D: M; 9H;7J;: 3>, 737 '7TD7=;H .>7?1 9B711 9EDJ7?D;: 7BB J>; FEII?
7D: J>;?H H;IEKH9;I BE7:;: .>;, CE:;B ?1 J>7J OEK GK;HO 7 J>;, C7D7=;H <E
?DIJ7D9; E< 7 E8@;9) J>; C7D7=;H 7BIE :;B;J;| E8@;9JI



Decoupling

.>; 7J7 '7TD7=;H M7l 9HK9?7B JE 9H;7J?D= 7D: C7D7=?D= E8@;9JI 1; 7BIE
C7FF?D= JE J>; ES@;9JI

FHEF >7: 7 H;<;H:D9; JE ?2J |
1EHB: <EH F;HI?1J;DJ ES@;9JI
H:D:;H CE:;B E< KF:7J;I

,oD:;H 'E:;B M>?9> ?J :?: DEJ D;;:

Sy >0 r
M?J> DE H;D:;H H;IEKH9;I

.>?1 TBBEM;: ?J

.>; 871; E8@;9J >71 7 H;<;H;D9; JE ?J | FHEF J>HEK=> J>; MEHB: 7JJ79> IC

=?L;D JE ?J ED 9H,;7J?ED 80 J>; :7J7 C7D7=;H .>?1 BEEI, 9EKFB?D= IEBL,;
M>?B; H;C7?D?D= <7?HBO <B;N?78B;

Problem: Massive Switch

)D; ?1IK; ?21 3>7J3 J>; :7J7 C7D7=;H 9KHH;DJBO >71 7 >K=; IM?J9> 1J7J;C;DJ
H;FB7980 7 79JEHO F7JJ;HD # 9EKB: DEJ <?D: 7 =7C; E8@:;9J <79JEHO ?

I>THF >EM;L;H 71 7BB J>; F7JJ;HDI # ADEM KI; JH?9A;HO M>?9> :E DE
C7D7=;: 9E:;



Game Prop

'17C, FHEF | 8;?D= :;<?D;: CEIJBO 80 :7J7 M71 7 C711?L; F;H<EHC7D9; ?D9H

Building & Island

JH?=?D7BBO J>; #IB7D: M71 7 IF;9?7B 971; <J;H BEEA?D= 7J J>; 9EKFB?D
1EHB: '7D7=;H 101J;C # H,;7B?1;: J>7J 7DO C;J>E: ?D M>?9> #IB7D: M71 7 IF
MEKB: H;GK?H; J?=>J 9EKFB?D=

# 7BIE H;7B?1;: J>7J # M71 :KFB?97J?D= BEJI E< <KD9J?ED7B?JO ?D K?B:

I01J;C C7:; 7 BEJ CEH; I;DIl; 7<J;H H; <79JEH?D= ?J IE #IB7D: M71 ?D>;H?J
-EBL?D= 7BB J>; 9EKFB?D= ?IIK;l # M71 IJHK==B?D= M?J>

Button & Timer

.>; KJJEDI 7D: .?2C;H 7H; A;O :7J7 :H?L;D ;B;C;DJ

J <?HIJ # M71 BEEA?D=7J 7 B78;BB;: :;B;=7J; 101J;C KJ JEE C7DO B?C?.
EH ?DI1J7D9; J>; :;1?H; <EH CKBJ?FB,; 79J?EDI EH IF;9?<0?D= 7D 7H=KC;D

<J;H I;L;H7B L;HI?ED M?J> :;B;=7J; B?8H7H?;l # H;7B?1;: 7 CEH; <B;N?8B,
R *HE9;Il;: 7 ,KDJ?C;

R O0O7H?8B; H=KC;DJI D;;:;:
R 'KBJ?FB; 79J?EDI ?D ED; 9ECC7D:



.>;, IEBKJ?ED M71 JE IJEH; 9ECC7D:I 71 IJH?D=1 M>?9> MEKB: 8; JEA;D?P;:
HKDJ?C, H;7J?D= 7 I?CFB; HKDJ?C,; I9H?FJ?D= 101J;C ,;GK?H?D= L;HO B
D;M 9ECC7D:I

N7CFB;
Command_Name.Arg1.Arg2.ArgN; Command_Name;
Command_Name.Arg1.Arg2;

)D; A;O0 ;B;C;DJ M7I1 F711?D= ?D J>; 97BB;H IE J>; 9ECC7D: >7: 7 H;<;H;D9
MEHB: <HEC M>?9> JE 791

Al

(EJ O;J #CFB;C;DJ;:

Networking

(EJ O;J #CFB;C;DJ;:



Progress Log

Tumblr Log

This log provided the motivation and publication spoken about in Project
Management sections.

Case Project
H;7J;: *HE@;9J
"'DK -01J;C
(; JMEHA?D=
-A?DD;: D?C7J;: 'E:;BI
-EKD:I B?A; 7 BEJ 8KJ ?D H;7B?JO # IJEB; J>; (;JMEHA -J7J; -7CFB; 7D: -A

-7CFB; KI;: IEC; :K9J J7F; 7D: =EJ JE MEHA # >7L, DE I>7C; 8;97KI; #C DE
@KDA?; 7D: J>; GK?9A;H # 97D =;J JE J>; =7C; J>; 8;JJ;H
J)DM7H:1 JE <?N?D=J>; H;D:;H =B?J9>;1 97D OEK I;; J>;C

Getting into C# and Feeling Stupid
Todays Goals

R K?B: 1EHB: '7D7=;H

R'7TA; 871; "7D: H7DA

R!;J "7D: JE *?9A KF H7DA
-E 9KHH;DJBO #C :E?D= ED; E< J>; J>?D=1 # B?A; B;71J K?B:?D= BEM B;L
J;9>D?97B FBKC8?D= !;D;H7B # B?A; JE MEHA ED; E< JME M701 )D J>; 8E
7D: <713 EH MEHA?D= ED 7 >?=> B;L;B 101J;C
.>; 8K?B:?D= E< ;D=?D;Il 7D: BEM B;L;B <H7C;MEHA 1JOB; IOIJ;C ?1 7 9HK?9
# D;L;H ;D@EO :E?D= BIE CO KD<7C?B?7H?JO M?J)> 7D: 2( ?1 7 8?= IBI
Transforms: Target or Moving?
.>; GK;I1J?ED >71 7H?I;D 78EKJ M>;J>;H J7H=;J JH7DI<EHC EH CEL?D= JH7

#L;, KI;: 8EJ> 101J;C ?D J>; F71J
.7TH=;J .H7DI<EHC &;HFI 8;JM;;D FH;L?EKI 7D: J7H=;J JE H;JKHD J>; 9KHH
'"EL?D= .H7DI<EHC H;B7J?L; JH7DI<EHC M>?9> ?1 7TFFB?;: JE 9KHH;DJ JF


http://kimau.tumblr.com/photo/1280/475604657/1/tumblr_kzwvixq2wq1qbssk5
http://kimau.tumblr.com/photo/1280/475604657/1/tumblr_kzwvixq2wq1qbssk5

Small Progress but still progress

JA70 |E :E;IDJ BEEA L;HO :?<<;H;DJ
R 'KBJ?FB; D?C7JEHI
R 1EHB: )8@;9J '7D7=;C;DJ

R #D1J7D9;: )8@;9JI D?C7J?EDI
.>; 1EHB: )8@;9J C7D7=;C;DJ JEEA C; IE CK9> BED=;H J>7D ?J I>EKB: >7
MH7F CO >;7: THEKD: C;J>E:I E< =7H87=; 9EBB;9J?ED J>7J KI;1 > M;BB

97D =;J IEC,; 871?9 E8@;9J ?DJ;H79J?ED ?D

Splitting Animations

.>; B71J HE7:8BE9A # >?J M71 J7==?D= 7D?C7J?EDI <EH ;NFEHJ 1;BB 7<J;
7HJ?1J1 7)J MEHA DE ED; ADEMI >EM JE :E ?J ?D :I '7TN EH 7DO L;HI?E
-E 7<J;H IEC,; :(?==?D= # FEKHDED>3%: 2( <EHKCI

-E 80 F7HI?D= 7 I;F7TH7J; J;NJ <?B; KI?D=J>; EDJ;DJ *?F;B?D; # 97D ;NFE
7TD?C7J?EDI -E 7 8?J E< I>K<<B; MEHA 7D: 87:7 8EEC FHES8B;C IEBL;:
-EHHO DE L?IK7B FHE=H;Il JE I>EM 8KJ ?JI1 7 J;9>D?97B ?11K; IEBL;: M>?¢
>7FFO

The Hand of&.. Me

-E DEM J>7J # >7L; J>; CKBJ?FB; 7D?C7J?ED I101J;C ?D FB79; # D;;: IEC;J>
M?J> -E J>; A;O0 J>?D=I| ?D J>; =7C; 7TH; H7DA .>; >7D: -E # GK?9ABO IJ:
>7D: M>?9> :E;Il J>; <EBBEM?D=

R #:B;

R *?9A /F

R #:B; "EB:?D=
R *KJ EMD

R HEF

R *;J

R .;BB )<<

-E DEM J>7J | :ED; # D;;: JE KI; J>; :KCCO J>; 87BB 7D: 7JJ79> 7D E8@;9
J>; 7TD?C7J?ED E< J>; F?9A;: KF E8@;9J C7J9>;1 J>; CEJ?ED E< J>; >7D:
-E D;NJ 1J;FI

"7TD: ?D 17C,;
7BB ?D 17C,
'"EL,; "7D:

*B70 -;F7H7J; D?C7J?EDI 871;: ED #DFKJ
&E97J?ED 71;: *?9A7?D=
KCCO JJ79>C;DJ

00OV IOD


http://kimau.tumblr.com/photo/1280/531320477/1/tumblr_l137ykPzmo1qbssk5
http://kimau.tumblr.com/photo/1280/531320477/1/tumblr_l137ykPzmo1qbssk5
http://forums.xna.com/forums/t/1415.aspx?PageIndex=2

H?9A M7BB

#CFEHJ?D= H;7BBO I?CFB; CE:;Bl M?J> 7 BEM 8ED; 9EKDJ M?J> DE ?IIK;
=B?J9>?D= 7BB :70 -J?BB DE 9BEI;H JE IEBL;H J>; FHE8B;C /D<EHJKD7J
0?IK7B NFH;II 7D: CO EB: 0?I1K7B -JK:?E *HE 1>?9> C7A;l :;8K==?D-=
F?F;B?D; 7 8?J E< 7 8?2J9> 71 0?IK7B NFH;IlI :E;l DEJ >7L; 7 $#. ;8K==;H
(EJ IKH; M>7J F7THJ E< J>; >7D: ?1 =?L;D JHEKS8B; JE 8; 9B;7H EJ>;H I?CFI
CE:;Bl MEHA <?D;

DO ?:;7I

,?=>J #L; CEL;: EL;H CEIJ J>; D?9; & 9E:; ?DJE J>; H7DA FHE@:;9J 9B;7D
J>?D=Il >;H; 7D: J>;H; '7:; ?2J FB70 D?9; M?J> J>; 1EHB: '7TD7=;H 101J;C
?HIJ J>?D= # :?: 7<J;H =;33J?D= J>; 97C;H7 9EDJHEBI ?D M7l 7FFBO J>; :;i
IJKF?: 7D?C7J?ED FHE8B;C #C >7L?D= (EM JE 9B7H?<0O 8EJ> J>; 1EHC 7D
JH7DIB7J?ED 7D: 197B; 7TFFB?;: #D ;L;HO M70 EJ>;H J>7D 9ECFB;N?JO J>
| OEK I;; J>; >7D: 8ED;I 7H; ?D J>; 9EHH;9J FB79; 1>7J OEK 7H; I|;;?D= 7t
.H7DI<EHCI M>?9> J>;D 7H; CKBJ?FB?;: 80 J>; #DL;HI; ?D: *EIl; 8;<EH; 8;"
I>7:;H -E J>; @E8 ?1 JE D7THHEM ?J :EMD 7| <EBBBMRAHBMEP.C?D7J;: J>;
R 7J7
R
T HJ ?D '"7N
T NFEHJEH

T EDJ;DJ *HE9;IIEH
T-;:JKF E< ?D: *ElI; #DL;HI;
T-BR2CcFI2ED E< ED;I
T-ECFKI/I2ED E< 1EHB-—-H7DI<EHCI

R ->7:;H

-0( ECC;DJI 8;BEM M>?9> IKCI ?J KF

R -F>;H;";BF;H 91 ?1 7 -F>;H?97B EEH:?D7J; ";BF;H 9B71I

R *EB7H";BF;:H 91 :E;l1 J>; I7C; <EH *EB7H EEH:I

R ;8K=,;D:;H;H 9ECFED;DJ C7A;lI B?<; ;71?;H

R (;M 7C;HT7I

R
T)H8?J 7C;H7 <EH 1] H: F;:HIED -F>;H; 7C:H7Y
T.7H=;J 7C;H7 <EH JH79A?D= 7 DE:; <HEC 7DEJ>;H DE:;


http://kimau.tumblr.com/photo/1280/538940562/1/tumblr_l18tfgE3yK1qbssk5
http://kimau.tumblr.com/photo/1280/538940562/1/tumblr_l18tfgE3yK1qbssk5

I':D;H7B 9B;7D KF ?D I7C;FB70-9H;;D
'"EL;: I7C;FB70-9H;;D ?DFKJ >;BF;H <KD9J?EDI JE #DFKJ-J7J;
i -EC; ?DFKJ >;BF;HI JE #DFKJ-J7J;
R B;7D;: KF ;8K= 7C;H7 9EDJHEBI
-E 7DO 9BK;I ED J>?1 7D?C7J?ED 8K=

R
R
R

Stupid Artist!!

)> DE M7?J J>7JI C;

| <7H 879A 71 1;:D;1:70 B71J M;;A M>;D # M71 MEHA?D= CO M70 J>HEK=> |
@EA;: 7T8EKJ J>; 7HJ?1J 8;?D= I1JKF?: .>?1 M71 7 IEHJ E< 7DJ? @EA; 8;97K
M>;D 7 FHE=H7CC;H :E;IDJ J7A; H;IFEDI?8?B?JO <EH 7 8K= 7D: J>;0 CKBJ
E99KHI -E CK9> IE #L; :;L;BEF;: 7 8B?D: IFEJ JE 9ECF;DI17J; 7D: 71IKC; J>
MEHA 2?1 9EHH;9J

#D CO :;<;D9; ?J JKHDI EKJ C7DO ?CFEHJ;HI 7D: L?;M;HI 79JK7BBO >7L; >
<EH 9ECCED 7HJ?1J ;HHEH -E J>; >7D: CE:;B BEEA;: #( ?D J>; E<<?9?7B

.KHDI EKJ # >7: H?==;: ?J MHED= 7D: 71 7 H;IKBJ J>; 8?D: FEI;| 9EKB:DJ 8
9EHH;9JBO
Solution ., H?= 7D: 7D?C7J; J>; CE:;B

)D 7 1?:; DEJ; #L; BEIJ ;71?BO >EKHI ED J>?1 I?D=B; ?1IK;

More notes on Game-Play

-E #L,; 8;;D 7J /ID? 7D: HKDD?D= 7THEKD: JEMD IE CEIJ E< CO MEHA M7I1 ?D
8KJ ?J =7L; C; IEC; J?C; JE <EHC IEC; J>EK=>J1 7D: :;<?D,; IEC; =7C; FB7(
7<J;H CK9> J>EK=>] 7 IJKDD?D= J>EKNOVIGLESGEIE C,;

Player Actions

R H7DA
R
T*:;J -9EB:
T ;;: HT7DA
T'EL; H7DA
T"?=>B?=>J *E?DJ

R *HEF


http://kimau.tumblr.com/photo/1280/549226021/1/tumblr_l1ggi0HGq61qbssk5
http://kimau.tumblr.com/photo/1280/549226021/1/tumblr_l1ggi0HGq61qbssk5

T'EL;

T"7HL;1J

T#DJ;H79J
R -J7HJ '7C;
R KO *HEF
Props

EK=>J M?J> E?D

/IF=H7:;: M?J> E?D

7D 8; ;?2J>;H NJ;H?EH EH #DJ;H?EH #J;C
*HE:K9QJ?ED

00 X0IOD

EE:

E?D

?2C; Ty
T'7TN 7F79?2JO
T E;|l DEJ -FE?B

— -4

Buildings

R ?==;H ED J>; ?DI1?:;

R 7D 8; KF=H7:;: M?J> E?D
Mini-Games

R *H79J7?9; "E:;
R
T.,79> H7DA -A?BBI
R 7?BO .EKHD7C;DJ
R
T E?D 97D 8; 1ED
R ,79;

T!;J <HEC ?D I>EHJ;I1J J?C,
T"KH:B;l 7D: *7J> ?D:?D=
R .H;71KH; "KDJ

R

T.?2C, &?C?J

T ?D: 2 ?J;ClI ?D J?C; B?C?J

T ?D: >?::;D ?J;Cl <EH 8EDKI FE?DJI
R .7=
R

T.?C; &?C?J

T'KBJ?FB70;H EDBO

T)D; *;3 ?21 2

T.>; EJ>;HI D;;: JE HKD EH >7?:;
T)D JEK9> J>; J7H=;J 8;9EC;I ?J



Frank

R FF;7H7D9;

R
T*7JJ;HD
T EBEKH
R -J7JI1
R
T-F;;:
T $KCF
T H7?D
R -A?BBI

Coupling and Forethought

-E B71J D?=>J # 1J7HJ;: BEEA?D= 7J 1;JJ?D= KF J>; =7C; ;B;C;DJI 7D: I7L;

CEC;DJ # 1J7HJ;: # I17TM 9EKFB?D= ?11K;l H?l; KF B?A; J>; K=BO 8;71J

.>7TDA<KBBO #L; I;;D J>?1 CEDIJ;H 7D: # ADEM >EM JE :;7B M?J> ?J # M;D
F7F;H .>?1 2?1 7 FHE8B;C M>?9> ?1 DEJ IEBL;: 80 1?JJ?D=7J 7D # 8KJ ?

F7F;H 7D: J7BA?D= .EE E<J;D >7L; # |;tdridleH B@KFH?M2ZIEH 78KIl; E< 9EDIJ

7D: EJ>;H 9E:?D= 1?DI

-E 7<J;H IEC; J>EK=>] # J>?DA # >7L; 7 I1JHK9JKH; M>?9> >EB:I KF KD:;H |

XML is XtreMLy Tasty Food

-E 7<J;H J>; 9EKFB?D= ?1IK; #L; 8;;D BEEA?D= 7J )8@;9J 79JEH?;1 7D: ?D
IEC;J>?D= # B;7HD JE BEL; CEHDa@riverEH;:?U;BEFC;DJ # 97DDEJ ;NFH;II
CO BEL; <EH ?J >?=>BO ;DEK=>

BIE J>7DAIl JE J>; 7C7P?D= MEHA E< ->7MD "7H=H;7L;1 7D: 7BB J>; 2( <E
>TLIZKJIJEC7J:: H:<B:9J?ED 7D: NCB1FRE&9;BI;IDG; J;BB OEK ?I @KIJ ' !#

.>; FHES8B;C #L; 8;;D 87JJB?D= M?J> J>; B71J <;M >EKHI EJ>;H J>7D |I>;;H
>SEM 7M;IEC; J>; 2( 101J;C 21 2?1 :;<?D?D=J>; :7J7 IJHK9JKH; 7D: M>;J>;H
?J1;B< I>EKB: 8; IF7J EKJ EH 7 :7J7 <EHC7J EH 1;3J?D=11JOB; 101J;C ?I C
-E J>; IEBKJ?ED 71 # >7L; 9EC; JE <EKD: 7 BEJ H;9;DJBO ?I KI; 971; ;<EH
I01J;C MH?J; 7 19;D7H?E 1;J E< HKB;l EH B?1J E< ?J;Cl .>;D KI; J>EI; JE

. LEBFC;DJ



http://kimau.tumblr.com/photo/1280/552960813/1/tumblr_l1j0qzpjwU1qbssk5
http://kimau.tumblr.com/photo/1280/552960813/1/tumblr_l1j0qzpjwU1qbssk5
http://blogs.msdn.com/shawnhar/archive/2009/03/25/automatic-xnb-serialization-in-xna-game-studio-3-1.aspx

| # E<J;D >7L; 17?: JE J>,; J;7C ED EKH D;M FHE@;9J 7J MEHA M>?9> ?| E
19>;:KB; C7A; 7 9>E?9; 7D: 8; :;<?D?J; #JI EA70 JE 8, MHED= 8KJ ?CFH;!
?l KD<EH=?L78B;

[1; 971;1 :;<?D?D= CEH; 1JK<<
1:BB # IK==;1J <EBS8IEM?2BEH BE7:]1 E< IJK<< 8KJ J>; 8?==:1J J>?D= ?| 9EEA
AD;M IEC; I?CFB; J>?D=I M;H; 9EH; JE J>; =7C;

R .?2C; 71;: #DJ;H79J?EDI 7THC?D=

R 9J?2L?2J7;I ?21>?D= 7?HO '?BB?D=

R E?DI KIJEC?I7J?ED

R '?D? '7C;lI ,79; == "KDJ "?:; - A

(EM J>; ED; J>?D=J>7J # A;;F 9EC?D= 879A JE ?1 J>; BEM B;L;B E< FB70;]|
D;;: JE A;;F H;C?D:?D= COI;B< J>7J J>; Batks Aitddomy] ?1 .>; FB70;H

97D ;D9EKH7=; I9EB: 7D: >?=>B?=>J (EJ JE C;DJ?ED 9>EEI?D= >EM JE I
:79EH7J; /BJ?C7J;BO J>;?H HEB; ?1 7 F711?L; ED;
>, I9EF; ?1 2?CFEHJ7DJ 71 M;BB 71 ?J D;;:1 JE 8; M?J>?D H,;71ED .>;, 9EEA?

<?HIJ J?BB # H;7B?1;: J>7J # 9EKB: ;71?BO @KIJ H; KI; ?2C7=;1 7D: KI; J;NJ
>7L; 7 <;M EJ>;H M701| ?D C?D: JE :HEF MEHABE7: .>;, <?D7B I9EF; M?BB ¢
H?:70 #C 7BIE >EF?D=J>7J # M?BB >7L; ;DEK=> JE <KBBO MH?J; J>; NC
H;IEKH9;l 7D: IA;B;JED 9B711;l

IF:7J3;: J>; :E9KC;DJ <HEC CO DEJ;lI 7D: 7 <;M KI; 971;1
B:7D O:HI?ED ";H;
.>; C7?D 8H;7A J>HEK=>| 7D: 9>E?9;1 7TH; 8;BEM

Prop Code

BB J>; FHEF :7J7 M?BB 8; 9H;7J;: <HEC 7D 2'& <?B; 7D: F7HI;: ?DJE 7 :?9
?D:;N;: 80 *HEF E:; BB D;M FHEFI CKIJ 8; 9H;7J;: <HEC ;?J>;H BED?D=
E:; JE 9H;7J; 7D ?DI1J7D9;

Unique Tag

.>?1 C;7DI EDBO ED; ?DIJ7D9; E< 7DO FHEF KI?D=J>?1J7= ;N?1J .>?1| |IEB
FHE8B;Cl M?J> KF=H7:; ?J;Cl 7D: JEEBI 7D: IK9> (EJ JE C;DJ?ED J>; C77?I
Timers & Buttons


http://docs.google.com/View?id=dg7hg7f6_172f7kvh6d5
http://docs.google.com/View?id=dg7hg7f6_172f7kvh6d5
http://docs.google.com/View?id=dg7hg7f6_172f7kvh6d5
http://docs.google.com/View?id=dg7hg7f6_172f7kvh6d5

*Ell?8B; J>; 8?==;1J 8H;7A J>HEK=> M7 J>; J>HEM?D= 7TM70 E< 7 FHE:K9J
7D: CEL?D=JE 7 J?C;H 7D: 8KJJED I101J;C 71?797BBO M>;D J>; 8KJJED ?I

EH J>; .?C;H ;NF?H;Il 7 :;B;=7J; ?1 97BB;: M>?9> ?I| 711?=D;: L?7 :7J7

/[1?D= J>?1 101J;C 7D: J>; 9ED9;FJ E< CEHF>?D= ?DJE 7 D;M ES@:9J M; 97
=HEM?D= EL;DI 7D: 7 <;M EJ>;H J>?D=1 .>; EJ>;H 7JJH79J?ED ?1 H7DA 9
ES8@:;9J1 87I1;: ED .?C;HI 7D: KJJEDI 1>?9> B701 D?9;BO ?DJE IEC; # H;709
FB7DD;:

The Rest&

&E7:1 E< IC7BB J>?D=| # H;7B?1;: 7D: 7 <;M J>?D=1| #L; C7:; DEJ; E< ;:=; 97
B?A; EH ?DIJ7D9; 9EDJ7?D;HI 07B?:#DFKJ 7D: #1 KBB IEBL;I GK?J; 7 <;M
# >7L; CEH; JE 170 8KJ #C =E?D= JE B;7L; ?J J>;H;

# H;7BBO M?I> # >7: 7 FH;JJO F?9JKH; 8KJ # :EDJ -7:BO ?JI1 7 FHE8B;C M~
J71A1 ?21 J>;H; ?I L;HO B?JJB; FH;JJO JE I>EM <EH ?J #D <79J CEIJ E< CO
?D J>; EDJ;DJ *?F;B?D; M>?9> HKDI 7J 8K?B: J?C; -E ?JI DEJ ;L;D HKDJ?
XML Data
.>; 2( 101J;C ?D 2( 2?1 =H;7J 8KJ # >7: 7 <;M >?99KFI M?J> ?J # I1J?BB :ED
KlI?D= ?J ?D J>; 8;1J M70 FEII?8B; "EM;L;H 7<J;H H?FF?D= KF JEDI E< F7-
=ED; M?J> J>; 8;1J IEBKJ?ED # 97D 9KHH;DJBO J>?DA E< M>?9> DE :EKS8J
FHE8B:;ClI 8:;1?:;1 IEC; E< J>; ED;|I #C 7BH;7:0 1;;?D=
Model View Controller
-EEEE IEEE ;710 JE 8; 7 D7K=>J0O 9E:;H "EM;L;H 71 J>?1 2?1 7D 797:;C?9 FH
97D 8; IB?=>JBO ) ;L;D M?J> FHE:K9J?ED 9E:; #C <EBBEM?D= ?2J 71 '/ " 7
9EDJHEBB;H ?1 IB?=>JBO JEE 9EKFB;: JE J>; 1J7J; M>?9> ?J 9EDJHEBI 8K.
Cc:;l10
BM701 7BM701 H;7B?Il; J>; IE 97BB;: HKB;l E< IE<JM7H; ;D=?D;;H?D= 7H; -
=K?::B?D;l 3EK mevBiKBBH;7A 7 HKB; M?J>EKJ <?HIJ KD:;HI1J7D:?D= ?J .>:;0
<B;N?8B; 7D: OEK D;;: JE 8; <B;N?8B; 8;97KIl; J>; A;O0 <79JEH M>?9> C7A;I
;D=?D;;H ?1 7 M70 E< ahal@ibeh@dblem solving
:;9:DJ ;:K97J?ED ?D ;D=?D;;H?D= ?1 CEIJBO 78EKJ >EM JE J>?DA .>; JEE
;71?BO B;7HDJ 8KJ ?JI1 J>; FHE9;Il 7D: J>EK=>J CE:;B M>?9> ?2| >7TH:;1J # .
OEK I;; IE C7DO JHK; ;D=?D;;HI >7L; 9HEII :?219?FB?D;|
Tomorrows Tasks
1;BB DEM J>7J 7 BEJ E< =HKDJ MEHA ?1 ?D FB79; .>; =E7B <EH JECEHHE!
<EBBEM?D= MEHA?D=
R .H;; *HEF &E7:;: <HEC 7J7 'E J>HEK=> <KBB B?<; 909B; 7D: ?DJ;H
R)L;D *HEF &E7:;: <HEC 7J7 !E J>HEK=> <KBB B?<; 909B; 7D: ?DJ:}
?==;H J>7D ?J IEKD:I

[n
,;7BBO IBEM FHE=H;Il >;H; 7H; IEC; E< J>; >KH:B;Il #L; 8;;D >?JJ?D=

R 7A?D= ->7:EM '7FI1 ?D -JK:?E '"7TN M>?B; C7?DJ7?D?D=J>; /0 7 87:

R ED<KI?ED 8;JM;;D 9J?L;.H7DI<EHC 7D: .H7DI<EHC ,;D7C;: J>;C JE

1EHB:.H7DI<EHC 7D: ,;B7J?L;.H7DI<EHC

R HEA;D ?DFKJ D;;:;: <?N?D=

R <;M 9ED<KI?EDI 8;JM;;D :7J7 7D: 79J7?L;

R -EC; CEH; 9ED<KI?EDI 8;JM;;D A;;F?D= J>; KD?JI 7D: IK9> ?D EH:;H
> M;BB JE 8;:

"?JJ?D=7 C711?L; 8H;7A JHO?D= JE =;J 'E:;B 0?;M EDJHEBB;H JE MEHA M
CE::B

#L; <EKD: EKJ IEC; D?9; IJK<< 78EKJ 79J?L7JEH 8KJ ?J =;JI1 C;I110
/IBJ?C7J;BO # J>?DA #C =E?D= JE >7L; JE J>HEK=> 7 <;M ;D=?D;;H?D= |9H|
M?D:EM 7D: >79A ?J ?< # M7DJ JE IJ70 ED JH79A 1>?9> ?I #'' (- &3 <HKIJ
IB;;F ED ?J 7D: |;; >EM # <;;B ?D J>; CEHD?D=



Data Driven Objects
#L; 9EC; KF 7=7?DI1J J>?1 FHE8B;C ?D ' (3 FHE@;9J1 7D: JE 8; >ED;I1J D;L;H

IEBKJ?ED #L; B?A;: .>, FHE8B;C ?I OEK :EDJ M7DJ JE >7D: 9E:; ;79> KD?J
OEK M7DJ ?J JE 8; :7J7 :H?L;D 8KJ J>?I1 ?I GK?J; 7 J7IA

-EC; E< CO 8?==;1J F;HIED7B FHE@;9JI >7L; KBJ?C7J;BO :?;: <7?B;: :K; JE
#D9BK:?D= CO -EKJ> <H?97D <?D7B KD? FHE@;9J CO 8?= ;19;DJ 9BED; 7

=7C; E> 7D: J>7J >7T9A?D= =7C; # , &&3 D;;: JE <?D: 7 =EE: IEBKJ?ED JE
-7:BO #L; D;L;H 7JJ79A;: J>?| FHE8B;C ?D 7 MEHA ;DL?HEDC;DJ BB J>; 7
?J 7TH; L7=K; EH <E9KI| ED 7 J?DO F7HJ E< J>; FHES8B;C # J>?DA # C?=>J 1
=7C; =;ClI 8EEAI 7D: :E IEC; CEH; H;I;7H9> # >7J; >EM CK9> J?C; #L; BEI.
?21HK; M>?9> #L; |;;D IE C7DO J?C;| 8;<EH;

Output Log

H;7J;: 1IEHB:5!7C; 1EHB:6 K?B:?D= 71?9 *HEF 5.;CFB7J;6 H7DA #IB7D: 1
K?B:?D= 71?9 *HEF 5§ K?B:?D= .;CFB7J;6 H7DA #IB7D: K?B:?D= K?B:?D=
5 EDJ7?D;H .;CFB7J;6 H7DA #IB7D: EDJ7?D;H K?B:?D= #DL;DJEHO *HEF
.2.CFB7J;6 H7DA #IB7D: #DL;DJEHO K?B:?D= #D=;:?7DJ #DL;DJEHO *HEF E
.2.CFB7J;6 H7DA #IB7D: #D=H,;:?7DJ K?B:?D= .EEB #DL;DJEHO *HEF 5.EEB
H7DA #IB7D: .EEB K?B:?D= EE: #DL;DJEHO *HEF 5 EE: .;CFB7J;6 H7DA ;
i1y )8@5#I1B7D:6 JE 1EHB:5!'7C; 1EHB:6 ::;: )8@5"7D:6 JE 1EHB:5!7C; 1EH
i1, )8@5"7Dh: 7C6 JE 1EHB:5!7C; 1EHB:6
#J C?=>J DEJ BEEA B?A; CK9> 8KJ J>7J B?JJB; 8KJ E< J;NJ EKJFKJ FHEL;
I01J;C MEHAI #JI >EHH?8B; 17:BO #L; M71J;: 7 M;;A;D: JHO?D= JE :E J>?L
M70 7D: <7?B?D=
#< # >7L,;, J?C,;, # M7DJ JE ?DL;1J?=7J;, 7TBJ;HD7J7?L;l

"EHH?8B; "),,# & -01J;C

*EII?8BO H;FB79,; ?< J?C; F;HC?JI EH ;Bl; =EKH=; EKJ CO ;0;I ?D 1>7C,

17¢C,; 1;ClI '7=?9 E< 7J7 H?L;D ;I1?=D 80 -J;L; ,78?D
17¢C,; 1;ClI '17C, DJ?JO 79JEHO 80 &7TH7C;;
,,<B;9J?ED 7D: -01J3;C 9J?L7JEH H;7J3;#DIJ7D9;
-y, >2JIJF <EHKCI ND7 9EC <EHKCI J 7IFN

> M;BB ?J MEHAI 7D: # >7L; 7 C;;J?D= M?J> CO IKF;HL?IEH "EF;<KBBO 8¢
>7L; J>7J .H;; )L;D ?D =7C,;

Island Scale
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-J70?D= B7J; 7J MEHA JE :E KD?L;HI?JO MEHA ?I
I;JKF ?1 @KIJ IE CK9> 8;JJ;H <EH 9E:?D=
R*HE LI NFH;II

, &&3 7TM;IEC; 7D: IE M

R .ME -9H;;DI :;1IAJEF LI &7FJEF

R 1EHA LI ;:HEEC
DOM70 =;JJ?D=J>; ?IB7D: H;D:;H 1JK<< ?D -7:BO # D;;: JE 97J9> 7 8KI >
>EF?D= JE 9H79A ED M?J> FKH9>71; FB79; ?J,;ClI

-E DE FHE=H;II O;1J;H:70 71 ?J JEEA C; <EH;L;H JE LEJ; 7D: J>;D # =EJ B
;B;9J?ED 9EL;H 7D: =EJ DE IB;;F PEC87?;: J>HEK=> MEHA JE:70

DOM70 =EJ 879A 7D: BEEA?D= CEIJBO 7J 1;33?D= KF J>; C;DK 7D: =K? IO
7D: 1;33?D= KF IJK<< -EC; D?9; FHE=H;Il 8KJ DE FH;JJO F?9JKH;I O;J

# M71 >EF?D= JE >7L; F?9JKH;I JED?=>J 8KJ BEIJ IE CK9> IB;;F D;;: JE 97,
D?=>J *H;JJO /# JECEHHEM

GUI Work

.>; 8?7= 9>E?9;1 #C <79?D=7J J>; CEC;DJ 7D: FB70?D= 7THEKD: ?1 ED JME -
>7TL?EKH 7D: ,;D:;H *?F;B?D;

?=>J?D= J>HEK=> IEC; 9>E?9;] M?BB FEIJ CEH; I>EHJBO



My Kingdom for a Team
1>7J1 J>; 8;1J JEEB JE ;NFBEH; 7D: IEBL; FHE8B;CI NFB7?D ?J JE IEC;ED
;DEK=> <EH ->;HBE9A "EBC;| 7D: ?J| =EE: ;DEK=> <EH C; # >7J; MEHA?D=
8;97KIl; OEK :EDJ D;;: JE @KI1J?<0O EH ;NFB7?D OEKHI;B< JE F;EFB; -E C7I
<EHC ?D OEKH BE=?9
&ED= IJEHO I>EHJ ?I ;NFB7?D ?D J>; F?9JKH; 1,)(! #J JEEA C; 7 <;M ;NF;
H;7B?1; J>?1 8KJ # <?D7BBO :?:

,7:?27B ";DKI 7H; 9ED9;FJK7BBO 9ECFB;N

.>?1 C7A;1 J>;C =EE: JE C7D7=; B7TH=; 7TCEKDJI E< 9>E?9;I

YO 1)
JA70 J>?1 =7C; ?1 <E9KI;: ED 8;?D= 1?CFB; 7D: 8HE7: 7=; H7D=; 799EH:?D=
-E ED; 8KJJED ?1 =EE: .>?1 9EC8?D;: M%d&tcdrrdo @TabRr&hK can do
8H;7A J>HEK=> CEC;DJ # >7: ED J>; 8KI M>?9> 9ED<KI;: C7DO F;EFB; B71J



-E M>;D;L;H OEK FKI> J>; 8KJJED ED IEC;J>?D= OEK 79J?L7J; J>;, 79J?ED

.>, EDBO 7::?J?ED7B 79J?EDI 7H; "?=>B?=>J *?9A KF EFJ?EDT7B KIJEC
1>;D ?DJ;H79J?D= M?J> H7DA J>; 79J?EDI 7H; *H7?l, -9EB: 7D: *?9A KF
(EM J>;H; 7TH; EJ>;H 79J?EDI &?A; BEEA?D= 7J 1J7J1 8KO?D= J>?D=1 <HE(
J>?D=1 ,;9J KJ # H;7B?I;: # I>EKB: 87A; J>;I; ?DJE J>; MEHB: 71 E8@;9JI

7TH; ;71?,H JE ?:;DJ?<0O 7D: ?DJ;H79J M?J> A?:l FH;<;H B;Il 781JH79J?ED
9EDJ;NJK7B 7D: J8> BEEA 9EEB;H

The Other Problem

-E M>7J >7L; # 8,;D MH;1JB?D= M?J> 7BB :70 EJ>;H J>7D CO EMD IJKF?:?J
9>E?9; 7D: IEC; 9E:?D= ?I11K;I

>, 5, 1?=D 9>E?9;1 ?DLEBL; J>?D=1 B?A,;
R 7C;H7 79?D= 1EHB: )H?;DJ7J;: 1;; B71J FEIJ
R 79?D= B;7D;H -CEEJ>;H EDJI C7:; B;lIl E< 7D ?IIK; 80 "
R 1EHB: ;7Bl CEH; F7THJ E< J>; MEHB:

R 1EHB: 8§B; JE 7D?C7J; ?D 7D: BEEA 9EEB;H IEKD:I IJKF?: 8KJ 9E
R BE7J?D= 78EL; <?N;: BE97J?ED EH IKHHEKD:?D=
DOM70 J>;0 7H,;, =7C; IF;97?<?9 7D: H7J>;H :KBB # M7DJ JE J7BA 78EKJ 7

You want HOW MANY!

;=?DD;HI 7D: >79A;HI M?BB 7BM701I1 :0OD7C?97BBO 7BBE97J; L;HJI 7D: FH?
# ADEM ?JI1 9EDL;D?;DJ 8KJ ?JI MHED= ,;IEKH9;I ISEKB: 8; 9ECF?B;: 7

80 J>; 9EDJ;DJ F?F;B?D; EH ;GK?L7B;DJ .>?1 7TBBEMI KD?<?;: 8K<<;HI EF

;9B7H7J?EDI 7D: BEJI E< EJ>;H D;7J J>?D=1 M>?9> C7A; J>; .;9> .HEBBI >

J>;0 9BK8 OEK M?J> 7 87?2=1J?9A

.>?1 7TFFB?;1 JE J>; /# 8;97KI; M;BB # M7l BEEA?D= 7J =;D;H7J?D= J>; C;Dk

9>E?9;l M>?9> C;7DI =;D;H7J?D= L;HJI 87I;: ED IFB?JlI 8B7> 8B7> 8B7>

Caveat Rules are made to be broken! Truly dynamic objects, like water simulations for

instance may need to be altered. However try move choices like vert declarations and

number verts to pack time. Understand why you are breaking the rule before breaking it.

Remember over assigning a large pool on a loose fit is often better than a dynamic

solution which fits better but restrains you more.

1EM J>7J M71 7 BED= FEIJ



->EF B?CF &EL; *HE=H7CC;H HJ

->EF #DJ;HD7BIl H:;D:;H;: ?D M?H;<H7C;



3; =E:1 97FJ7?D *,)!, --
<J;H J>; :?2IC7B HKD 7HEKD: J>; FE?DJB;IID;lIl # >7L; 79JK7BBO C7:; IEC;
D?=>J 7D: JE:70

R EKFB?D= #IIK; IEBL;: M?J> #DJ;H<79;

R #IB7D: >71 :70 D?=>J 9098B;

R ->EF B?CF ?DJ;H?EH :NJ;H?EH CE:;BB;:

R B?CF 7::;: JE MEHB:

R 7 H;B?78B; >;BF JE JH7DIB7J; 8;JM;;D J?B; 7D: MEHB: IF79;

R -J7HJ;: MEHA ED -AO EN
Coupling Issue
JA70 |IE M; :EDJ M7DJ J>; CE:;B ?IB7D: FHEF :7J7 9EKFB;: JE J>; L?;M
7D?C7J?EDI CE:;BlI 1;BB J>; IEBKJ?ED M71 JE =?L; ;L;HO DE:; ?D J>; 19;I
:7J7 :B;C:DJ M>?9> >7: 7D ?DJ;H<79;
.>; 9EH; <KD9J?EDI 8;?D= [F:7J; *H;, ,;D:;H KHJ>;H <KD9J?EDI 7D: ;L;D.
8, 7::;: JE J>; ?DJ;H<79; JE >7D:B; 7TD?C7J?EDI| 7D: J>; B?A; .>; ?DJ;H<79
M>?9> FH;L;DJI J?=>J 9EKFB?D= (;7J 7D: 9B;7D A?9A?D= COIl;B< <EH DE.
M;;Al 7=E

Sky Box
'O H;71ED <EH FEIJ?D= ?D:?H;9JBO # M7I1J;H J>; B71J >EKH EH IE JHO?D-:
>;?=>J C7F| <EH 9BEK:I ,;7:?D= KF ED J>?D=|l # 7TBH;7:0 AD;M >EM JE:E

J>EK=>J <EH 7 I;9ED: .>; CEC;DJ # I7M CO <EBBO # IJEFF;: JE MH?J; J>7?
E< ?J

# M?BB DEM =H78 IEC; <EE: J>;D >EF;<KBBO DEJ 8; IJKF?:






Day & Night Cycle

l1EEJ (EJ EDBO :?: # =;J 7 FH;JJO 7M;IEC; -AO -F>;H; ?D FB79; 8KJ # 7BIE
ADE9A KF 7 :70 D?=>J 909B; # 7BIE 9B;7D;: KF J>; I1>7:;HI 7D: >7L; =BE87
FB79;

EKD: 7D 7M;IEC; JKJ 7D: C7D7=; JE ADE9A J>; I>7:;H KF <HEC J>71J

(;NJ J>?D= 2?1 JE BEEA 7J I>7:EMI 8KJ :EDJ OEK J>?DA J>7J ?1 FH;;;JO *

Lights Camera & Action

1;BB B?=>J?D= I>7:EMI 7TH; 7 9ECFB;N 87= E< JH?9A;HO 7D: C7J>1

71?79 &?=>J?D= 2?1 I?CFB; .7A; 7 8EEA EKJI?:; ?DJE J>; IKD DEM HEJ7J; J>
7D: J>HEM ?J 3EK M?BB DEJ?9; J>; 7TCEKDJ E< B?=>J ED 7 IKH<79; 97D 8;
8;JM;;D J>; B?=>J :?H;9J?ED <HEC J>; IKD 7D: J>; <79?D= :?H;9J?ED E<

9>;7F 7D: ;710 97B9KB7J?ED MdoBpEoduct97BB;:

(EM 1>7:EMI 7H; CEH; 9ECFB;N &?=>J 71 7 F>017?91 871;: J>?D= ?D H;7B?JC
M>?9> :HEL; ?DIJ;?D ?DI7D; EH ?DIJ7D9; :E OEK ADEM B?=>J ?1 7<<;9J;
79JK7BBO 8;D:I THEKD: E8@;9JI <EHC?D=7 L;HO :?21J?D9J?L; >7BE ;<<;9J
H70 971J 8KJ ?JI 7 FTHJ?9B; M7L; M>?9> ?| 7<<;9J;: 80 =H7L?JO <?:;B:I .>
8EKD9; 7BB EL;H J>; FB79;

(EM ?D =7C;I M; <7A; ?J 97KI; J>EIl; 97B9KB7J?EDI 7H; H;7BBO ;NF;DI?L;

M; 97H; CEH; 78EKJ M>;J>;H 7 8KBB;J >?J 7 =KOI >;7:

Bake It

9>;7F 7D: I?CFBO JH?9A ?1 JE 879A J>; I>7:EMI .>?1 MEHAI M;BB ?< J>;
:EDJ CEL; CK9> L;D ?D =7C;1 M?J> CEH; 7:L7D9;: 101J;Cl 87A;: B?=>J
7 BEJ E< J>; >;7L0 B?<J?D=
.E 87A; ?2J M; 871?97BBO E J>; 97B9KB7J?ED 8;<EH; J>; =7C; HKDI .>; I?C
<B7J FB7D7H C7F IEC; 87A; 7 FHE@;9J?ED C7F 7D: IEC; 971;1 ;L;D 87A; I>
LEBKC;lI 1, 97D 7D?C7J; J>; 87A;: J;NJKH;lI 7D: =;J IEC; 7TM;IEC; ;<<;9JI



Fake It

JA70 IE M; >7L; J>?1 87: =KO H79; 97H EH IEC; EJ>;H E8@;9J ?D J>; MEHE
<EH=?L; 7 BEJ M?J> EKH IKIF;DI?ED E< :?18;B?;< 1>7J ?< M; =BK;: 7 8BES
E< 87: =KOIl EH H79; 97H

3EK MEKB: 8; 7C7P;: >EM C7DO =7C;l KI; J>?1 101J;C JE EFJ?C?1l; J>?D= 7I
=H;7J

Flatten It

1;,BB ?< M, I?CFB?<0 B?=>J 7D: ?=DEH; J>,; 8;D:?D= 8EKD9?D= 7D: QH7P?
97D JH;73 ?J 71 7 1JH7?=>J B?D; <HEC J>; B?=>J (EM M; B?A; FB7D;l FB7
I7CFB; <B7J J>?D=1

JA70 IE DEM M; >7L; J>?1 J>?D= 97BB;: J>;, FHE@;9J?ED C7JH?N M>?9> 7]
E< FHE@;9J?D= 7 ES8@;9J ?DJE 7 ?C7=; 1;BB ?< M; KI; J>; I7C; JH?9A
E8@;9J J>;D IGK?I> ?J ?DJE 7 FHE@;9J?ED 7D: H;D:;H ?J 7BB 8B79A 1; >
*7D -JOB,;

Deferred Volume

JA70 M;BB ADEM ?D H;7B?JO M; D;;: JE :HEF I>7:EMI EDJE 9ECFB;N =;EC;.
7BIE >7L; J>?1 MED:;H<KB I>7:;H F?F;B?D; i <EH; M; H;D:;H J>; 19;D; M; H
:DJ?H; MEHB: <HEC J>; F;HIF;9J?L; E< J>; B?=>J 71 M; MEKB: J>; 97C;H7
J>; ;FJ> 8K<<;H 7D: I7L; ?J

.>?1 D;;:1 JE 8; :ED; ED9; <EH ;79> B?=>]

(EM J>?1 C7A;1 7D ?C7=; E< >EM <7H J>; 8;7C E< B?=>J JH7L;Bl 1>?79> M;
D;NJ H;D:;H F71l 7BED= M?J> B?=>J C7JH?N (EM ?< M; J7A; 7 FE?DJ ?D |
J>; 'E:;B 0?;M *HE@;9J?ED 71 DEHC7B BIE .H7DI<EHC ?1 80 'E:;B &?=>J *
M; 9ECF7H; J>; '&* H;7: EKJ 7=77?DI1J J>; 87A;: J;NJKH; M; 97D J;BB ?< J>;
J>7J FE?DJ EH DEJ

DEJ>;H M70 E< :E?D= 0EBKC; ->7:EMI ?1 JE KI; -J;D9?B K<<;HI J>?1 2?21 J
M70 JE :E J>?D=1 7D: >EM CEIJ I>7:EM LEBKC;I >7L; 8;;D :ED; ?D J>; B71J



Shadows and Reworks

-E 7<J;H 7 BEJ E< J>EK=>J 7D: FB7DD?D= O;1J;H:70 # 1;J 78EKJ ?CFB;C;D.
KI?D= I>7:;HI JED?=>1]

-7:BO J>?1 C;7DJ # D;;:;: JE H; >7TKB J>; ;:DJ?H; |19;:D; C7D7=;H 7D: F79A;H
J;NJKH; IM7FF?D= 7D: ;<<;9J C7D7=;C;DJ # 7BIE >7: JE MH?J; 7 8?2= 711 |
I;L;H7B J>?D=1 7D: EFJ?C?I;

.>7J1 :ED; DEM 7BB # D;;: JE :E ?1 7:: J>; ->7:EM ,;D:;H F7I11 7D: ?J 7BB |>
#C =E?D= JE C?I1 J>; B71J 8KI >EC; IE # =EJJ7 HKD

KBB -9H;;D I>7:EMI 7BCEIJ :ED; "7: JE HKD $KIJ 97K=>J B71J 8KI >EC; -
<?BC?D= ED J>; BEJ
'EH; JECEHHEM

-E 9B?C87?D= ?DJE 8;: B71J D?=>J # =EJ 7 =H;7J ?:,7
;8K= J>; &?=>J 0?, M*HE@;9J?ED C7JH?N 80 KI?D=7 97C;H7 M?J> J>; |I7C;
OEK ADEM >EM # C7D7=;: JE ADE9A JE=;J>;H J>7J IAOSBEN IE GK?9ABO 1,

3#% -
# C7D7=;: JE =;3 J>;, IAO I>7:;H :EMD <HEC ?DIJHK9J?EDI JE ?DIJHK9J
H;CEL,; 8H7D9>;1 -7:BO J>; IKD :E;IDJ BEEA =H;7J )D J>; 8H?=>J |?:; J>;

DEM H;IF;9JI ?JI 1EHB: .H7DI<<EHC &?=>J 7CEKDJ DEM J?;: ?DJE >EH?PEL
>S>EHH?8B; 9>7D=; B?D; &EIJ J>; J?DJ?D=
-E J>?1 ?1 M>7J >7FF;D;:

)> M7?J # 97D 9B;7D KF J>EI; B?D;l GK?9ABO B7J;H "CC J>7?71 9EKB:
?CFHEL;: B7J;H M7IDJ # C,7DJ JE 8, 9E:?D= IEC;J>?D=

3;7> |E DEM 7<J;H 7BB J>7J <?::B?D= #C DEM MEHA?D= ED J>; I>7:EMI| 7=



l1EEE]J
*HE=H;Il J>,; I>7:EM ?1 BEM GK7B?JO :K; JE * 97H: B?C?JI # D;;: JE 7:: Il

7TLE?: <B?9A;H 7D: ICEEJ> E<< J>; ;:=;1 JE =;J IE<J I>7:EMI

To Debug it& Draw it

'7DO F;EFB; M?BB J;BB OEK J>?1 8KJ M>;D;L;H OEK >7L; 7 FHE8B;C JHO JI
97D 8; 7TFFB?;: JE 7TBCEIJ ;L;HOJ>?D= ;N9;FJ 971;1 M>;H; L?IK7B?I7J?ED ?
J>?DA 7:L7D9;: C7J>1 7TD: GK7DJKC -E 78EL; OEK I;; J>; :;8K= <HKIJKC
1;,BB 7<J;H <?=>J?D= M?J> 7BB J>;I; LTH?EKI FHE8B;CI| #C J>?DA?D= JE C
"EK8B; 9>;9A CO HKIJHKC ?L; C?DKIJBANEFMBE8B,, I ?DIJ7DJBO L?1?8B;
.>, FHE8B;C # M71 :;8K==?D= <EH >EKHI IEBL;: ?D C?DKJ;lI

*H?DJ< ;8K= H7M HEO9AI



Problem: Shadows giving strange LightViewSpace results

1;BB J>; FHE8B;C C7D?<;I1J;: ?D C7DO M701 # M7I :;8K==?D=1>7:;HI 7D: J

H;D:;H J7H=;J1 (EJ JE C;DJ?ED JM?::B?D=J>; :;FJ> 8?71 |IE E<J;D J>7J ?J

.>; FHE8B;C M71 JME <EB: ?HIJBO J>; IKD L?;M FEI?J?ED :?2:DJ C7J9> K

GK?9A >79A JE =;J J>; IKD ?D J>; H?=>J FB79; >79AI 87: .>; |I;9ED: ?IIK;

J>; 19;D; 8EKD:I

.>; L?;M C7JH?N ?1 8K?BJ M?J> 7 BEEA 7J 97BB 1;BB J>; A;O0 ?1 J>7J J>; ¢

CKIJ 8; ;GK7B JE J>; BEEA 7J J7H=;J 1>0 ?1 J>?1 1;BB :H7M IEC; H7D:EC
F7=; (EM :H7M 7 9?H9B; M>?9> 9EDJ7?DI 7BB J>EIl; E8@;9J1 (EM C;7IKk}

J>; 9?H9B; 7D: :H7M 7 IGK7H; 7J J>; 9;DJH; E< J>; F7=; M?J> :EK8B; J>71J

3EK I;; J>; FHE8B;C KDB;Il J>; 9?2H9B; ?1 7J J>; 9;DJH; E< J>; F7=; J>;?H

EKJI?:; E< J>; 8EN M>?9> C;7DI J>;0 MEDJ 8; I>7:EM;:

-E OEK 9ECF;DI17J; <EH E<<I;J 7D: ?D9H;71; J>; H7:?KIl .E :E J>7?1 ?DIJ;7: I

J>; H7:?KI E< J>; 9?H9B; C;71KH; J>; :?1J7D9; <HEC J>; 9;DJH; E< J>; F7=;

FE?DJ E< J>; 9?H9B;

i<EH; OEK 71A M; 97DJ CEL; J>; 8EN <HEC J>; 9;DJH; E< J>; F7=; 71 J>7J

J>; 7D=B; J>; B?=>J M71 9EC?D= <HEC

JDM7H:l 7D: KFM7H:I

J,EK=> ->7:EMI



> ->7:EMI

,EK

->7:EMI

BKHH;:



BKHH;: ->7:EMI

Shadows are EVIL!

JA70 78EL; OEK I|I;; HEK=> 7D: 8BKHH;: .>; HEK=> F7I1l KI;l1 7 I1?D=B; I7TCFB
yFJ> 8K<<;H .>EIl; 8BEE:O F?N;Bl 7H; 7 H;IKBJ E< J>; H,;IEBKJ?ED E< J>;
.>; 8BKHH;: ?DI7D?JO ?1 7 I>7:EM C;J>E: 97BB;: * -- 871;: ED J>; 1>?2J; *71

#DJ;=H7J3?D= ,;7B?1J?9 -E<J ->7:EMI ?DJE 3EKH I7C; D=7?D; 80 %;L?D 'O;F
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