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CLOUD COMPUTINGGrowth Without
  Cloud computing is a model for enabling ubiquitous, convenient, on-demand 

network access to a shared pool of configurable computing resources (e.g., 
networks, servers, storage, applications, and services) that can be rapidly provisioned 

and released with minimal management e!ort or service provider interaction.”
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Fathead crew shooting at the Amazon 
Studios Virtual Production (ASVP) LED 
volume Stage 15, Culver Studios, Los 
Angeles, California.
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Digital asset management (DAM) systems 
are designed to facilitate ready access 
to libraries of digital content from one 
interface, often termed a “single 
source of truth.” The objective 
is to catalog all assets acquired, 
created, or transformed throughout 
a project and have those 
populated with metadata. 
Teams can collaborate to 
illustrate and assimilate 
information and value 
across departments. 
Security and 
hierarchy-based 
access control 
are prominent 
features of these 
systems.
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STEVE  CRONAN
5th Kind CEO 
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(/+,&'/(05/8&9+*,0..&'/(8&0*'<p

P4+"0&+*&100".&"+F0&o90S60&-#*&*40&1$,%/(0,*/"&
ZCUQ&25+'F.&#1&*4+.&(0%+/&#)05/*+,-&.:.*0(&
'#,'0)*8&90&'#,*+,$/"":&"0/5,&4#9&20.*&
*#&+()"0(0,*&*40&.:.*0(8&4#9&*#&
*5/+,8&4#9&*#&.*50/("+,0&*40&
$./2+"+*:&#1&*40&)5#%$'*<p&&
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D40&2+--0.*&'4/""0,-0.&/50&o2/"/,'+,-&*40&'#(3
)"0J+*:&#1&*40&,00%&/,%&/""&*40&.0'$5+*:&50a$+503
(0,*.&/,%&*40&.+()"+'+*:&#18&./:8&/,&0J0'$*+60&94#&
%#0.,S*&060,&9/,*&*#&"#-&+,*#&/&.:.*0(<p&

!5#,/,&/,%&4+.&'#""0/-$0.&4#)0&*4/*&M#6+0Z/2.&
(+-4*&o.0*&.#(0&1#$,%/*+#,&#1&.*/,%/5%.&/5#$,%&
*40&%/*/p&*#&50(#60&/&"#*&#1&4$5%"0.&.#&o90&'/,&/""&
X$.*&/-500&#,&/&,/(+,-&'#,60,*+#,<p&P40,&*4050S.&
/&'#,.*/,*8&*4/*&9+""&50%$'0&*40&,00%&*#&)050,,+/"3
":&/%X$.*8&/""#9+,-&1#5&/&"#*&(#50&/$*#(/*+#,&/,%&
(#60(0,*<

D40&MvC&+,%$.*5:&+.&%+;050,*&*4/,&(#.*&#*405.8&
/.&!5#,/,&'+*0%&*40&.$''0..&#1&.0""+,-&4+.&)5#%3
$'*&*#&zbjj&(+""+#,&)5#%$'*+#,.&*4/*&.4$*&%#9,&
+,&*9#&:0/5.<&C/'4&)5#%$'*+#,&-0*.&50-+.*050%&
/.&/&.0)/5/*0&ZZ!8&94+'4&%+.2/,%.&940,&
*40&)5#%$'*&+.&50/%:&1#5&%+.*5+2$*+#,<&]$+"%3
+,-&*0'4,#"#-:&.#"$*+#,.&1#5&*40&MvC&
.0'*#5&+.&'#()"0J<&7*&+.&/,&+,%$.*5:&2$+"*&
#,&*5$.*<&

H*4&I+,%&/%%50..0.&"#'/"+>/*+#,&,00%.&
/.&1/5&/.&4/6+,-&o*40&/2+"+*:8&#,&/&
)053$.058&)0535#"0&2/.+.8&*#&%01+,0&94/*&
"/,-$/-0&*40&V7&+.&)50.0,*0%&+,8&15#(&
/*&"0/.*&*40&"/20"+,-&)05.)0'*+60<&]$*&
*40&'#()"0J+*:&'#(0.&9+*4&*40&%/*/&#1&
*40&%/*/2/.0&e&%#+,-&*5/,."/*+#,.&#,&
*40&1":<p

P40,&/.F0%&940*405&'05*/+,&)#.+3
*+#,.&,00%&*#&20&+,.*/*0%&#,&*0/(.&
/,%&/*&.*$%+#.&*/.F0%&9+*4&/..0*&/,%&
(0*/%/*/&95/,-"+,-&*#&(/+,*/+,&
)5#*#'#".&/,%&'#,.+.*0,':&/'5#..&
%0)/5*(0,*.&/,%&60,%#5.8&!5#,/,&
./+%8&o7*S.&1$,,:&*4/*&:#$&%01+,0&+*&/.&
/&,09&5#"0&20'/$.0&7S60&200,&5+,-3
+,-&*4+.&%+-+*/"&/..0*&(/,/-05&20""&
1#5&_j&:0/5.<p&T0&100".&.#(094/*&
50"+060%&*4/*&o90S50&.*/5*+,-&*#&.00&
(#50&/,%&(#50&#1&*4/*8p&2$*&+,&
4+.&0/5":&%/:.&#1&06/,-0"+>+,-&
*4+.&/%#)*+#,8&o+*&9/.,S*&060,&/&
"+,0&+*0(<p

P4+"0&.(/""05&.4#9.&(/:&
1+,%&+*&%+;+'$"*&*#&X$.*+1:&/&
.0)/5/*0&5#"08&*40&"/5-05&
)5#%$'*+#,.8&/,:*4+,-&

zHj&(+""+#,&/,%&/2#608&.4#$"%&.00&+*&/.&/&o,#&
25/+,058p&50'#((0,%.&!5#,/,<&P4+"0&.#(0&.*$3
%+#.&(/:&.*+""&20"+060&+,&%$()+,-&+*&/""&#,&/&*/)0&
/,%&*45#9+,-&+*&+,&/&'/608&/&"#,-3*+(0&H*4&I+,%&
)/*5#,8&M/560"8&4/.&50'#-,+>0%&/,%&'/)+*/"+>0%&#,&
4/6+,-&%0%+'/*0%&)05.#,,0"&/..+-,0%&*#&$,+1:+,-&
/""&(0%+/&*#&0,.$50&*40&/''$5/':&#1&*40&%/*/&/,%&
*$5,+,-&1+"0.&+,*#&/..0*.&e&(/+,*/+,+,-&o/''0..&*#&
0605:*4+,-&*40:S60&0605&%#,0&/,%&50$.+,-&/*&"0/.*&
4/"1&/&(+""+#,&%#""/5.&+,&/..0*.&)05&)5#%$'*+#,<p
!5#,/,&/..05*0%8&o*40&./6+,-.&/50&.+-,+1+'/,*8&"0*&
/"#,0&94/*&0".0&'/,&20&%#,0&+,&*4+.&,09&9/60&#1&
\L&902<p&D40&*0/(&/*&H*4&I+,%&+.&/"9/:.&"##F+,-&
*#&/%%50..t&oT#9&%#&90&'#,,0'*&9+*4&*40&'50/*+#,&
)5#'0..y&T#9&%#&:#$&-0*&'#,'0)*&/5*+.*.&/,%&.*#3
5:2#/5%&/5*+.*.&*#&0,-/-0&9+*4&*40&.:.*0(&*#&-0*&
*40&'#,*0,*&*4050y&T#9&%#&:#$&-+60&*40(&*##".&
*4/*&-$+%0&*40(&*#&*/-&*4/*&'#,*0,*&'#550'*":yp

D40&.:.*0(&+.&%0.+-,0%&*#&"0605/-0&1+"03,/(+,-&
'#,60,*+#,.&/,%&*$5,&*4#.0&+,*#&(0*/%/*/&e&/&
.*5$'*$5/"&*/J#,#(:&*4/*&9/"F.&'50/*#5.&*45#$-4&
+*<&?&1$5*405&506+09&)5#'0..&2:&/,&/..0*&(/,/-05&
9+""&0,.$50&*40&'#,.+.*0,':&#1&0605:&/..0*&/'5#..&
*40&)5#%$'*+#,<&?*&*40&*#)&"/:058&.*$%+#3"060"&/..0*&
(/,/-05.&9+""&(#,+*#5&1#5&'#,1#5(+*:&/'5#..&*40&
94#"0&.*$%+#<

M/560"&.$))#.0%":&4/.&w8Hjj&'#()/,+0.&5$,3
,+,-&*45#$-4&*40&.:.*0(&94050&_H&(+""+#,&1+"0.&
9050&%+.*5+2$*0%&$.+,-&H*4&I+,%&e&*4/*&/(#$,*&#1&
5#$*+,-&/,%&*5/'F+,-&/'5#..&/""&#1&*40.0&%+;050,*&
1/'0*.&#1&*40&.*$%+#&15#(&0605:&*#:&*#&0605:&*5/+"05&
/,%&0605:*4+,-&+,&20*900,&50a$+50.&/&%/*/2/.0&e&
2$*8&o4#9&%#&90&50%$'0&*40&*0'4,+'/"&4$5%"0.&#1&
*4+.yp

D40&'50/*+60&)5#'0..&-#0.&%#9,&(/,:&)/*4.&/,%&
'#,*+,$0.&*#&25/,'4&#$*&/,%&2/'F*5/'F<&Y05.+#,3
+,-&/,%&'45#,#"#-+'/"&%/*/&*#&*5/'F&/,%&'#550"/*0&
)+0'0.&#1&+,1#5(/*+#,&/50&'5+*+'/"&*#&+%0,*+1:+,-&
+..$0.&.$'4&/.&'#,*+,$+*:&/,%&'#,.+.*0,':<

oD4/*S.&*40&+()0*$.&1#5&#$5&502$+"%&#1&*40&)5#%$'*&
/2#$*&1+60&:0/5.&/-#&K'+5'/&_jbqN<&D40&%/*/&"/:058&
*4+.&/2+"+*:&*#&'50/*0&*40.0&50"/*+#,.4+).&/,%&4/60&
(0*/%/*/&/2#$*&(0*/%/*/<p&{#$&'/,&.0"0'*&/&.4#*&
/,%&+%0,*+1:&94#&9/.&/..+-,0%&*#&+*<&P4/*S.&*40&
"/*0.*&.*/*$.y&P4/*S.&*40&%/*/&*:)0y&7.&+*&/&%/*0&
1+0"%8&%5#)%#9,8&0*'<y&oD4+.&0J*0,.+2"0&%/*/&(#%0"&
+.&*40&1#$,%/*+#,&*4/*&/""#9.&$.&*#&'/)*$50&/,%&
(/F0&+*&.0/5'4/2"08p&40&./+%<
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5th Kind provided the Fathead team full access to all CORE 
products, including the DAM (digital asset management) and 

LIVE tools.

A/+-0&]/5,0**8&YA&#1&'"+0,*&.056+'0.&/*&H*4&I+,%&.4/50%&.#(0&/,0'%#*0.&4+-4"+-4*+,-&
4#9&!Q@C&9/.&$.0%&#,&!"#$%"&<

|& !Q@C&9/.&$.0%&+,&)503)5#%$'*+#,&/,%&)#.*3)5#%$'*+#,&1#5&9#5F3+,3
)5#-50..&.4/5+,-&/,%&%0'+.+#,3(/F+,-&20*900,&*40&*0/(.8&*40&%+50'*#58&
/,%&*40&)5#%$'05.<&

|& C605:*4+,-&15#(&.*#5:2#/5%.&*#&.0*&%+/-5/(.&*#&'4/5/'*05&'#.*$(0.&
/,%&(0*/4$(/,&%0.+-,.&9/.&.4/50%&/,%&506+090%&*#-0*405&201#50&
)5#%$'*+#,<&

|& !Q@C&0,/2"0%&$.05.&*#&'#((0,*&/,%&/,,#*/*0&1+"0.&/,%&)5#6+%0&
100%2/'F&*4/*&$"*+(/*0":&"0%&*#&94/*&9/.&'/)*$50%&#,&.0*<&

|& 7,&)503)5#%$'*+#,8&$.05.&/".#&$.0%&*40&!Q@C&Z7YC&*##"&1#5&50(#*0&"+60&
506+09&(00*+,-.&9+*4&60,%#5&'#()/,+0.<

D40&!Q@C&Z7YC&9#5F1"#9&'#,*+,$0%&+,*#&)5#%$'*+#,<&&

|& R5#(&*40&.0*8&Z7YC&9/.&$.0%&/.&/&50(#*0&6+%0#&6+""/-0&*4/*&'509&
(0(205.&'#$"%&/''0..&15#(&*/2"0*.&/,%&"/)*#).&94+"0&#,&.0*8&/,%&#;.0*&
'509&'#$"%&/''0..&15#(&94050605&*40:&9050&2/.0%&+,&*40&9#5"%<&

|& 7,&*40&060,+,-.&/1*05&95/)8&*40&0%+*#5&/,%&*40&%+50'*#5&(0*&6+/&Z7YC&1#5&
50(#*0&506+09&.0..+#,.&#1&*40&1+5.*&'$*.<&

|& Q,&*40&L?M&.+%08&*40&100%.&15#(&*40&.0*8&(/+,&/,%&.0'#,%/5:&'/(05/.8&
/,%&*40&9+*,0..&'/(&100%&9050&50'#5%0%&/,%&(/%0&/6/+"/2"0&1#5&
501050,'0&/,%&,#*0.&+,&*40&.:.*0(<&

|& Z+F09+.08&/""&%/+"+0.&1#5&!"#$%"&&9050&$)"#/%0%&/,%&%+.*5+2$*0%&*45#$-4&
!Q@C&9+*4&/,&0J*0,.+60&"+.*&#1&.*/F04#"%05.<

R+,/"":8&!Q@C&+.&20+,-&$.0%&/.&/,&#,-#+,-&/5'4+6/"&.#$5'0&/.&90""<

 CLOUD CHAPTER | 13



?%%+*+#,/"&"/:05.&+,*5#%$'0&0J*5/&%0(/,%.&#,&*40&
.:.*0(<&R#5&0J/()"08&/&1+"0&"/:05&5/+.0.&a$0.*+#,.&
/2#$*&.$))#5*&1#5&6+%0#8&#5&*40&/2+"+*:&*#&4/,%"0&
bj32+*&TL@<&P/*05(/5F+,-&#5&060,&1#50,.+'/"3
":&9/*05(/5F+,-&.#(0&'"+).&(/:&*$5,&$)&/.&/&
50a$+50(0,*<&P+""&+*&)"/:&#,&*40&?))"0&DY&/))&#5&
/&(#2+"0&%06+'0&#5&%0.F*#)y&T#9&(/,:&"/:05.&
#1&.0'$5+*:&/50&/6/+"/2"0y&oD4050&/50&/""&*40.0&
'#()"0J&"/:05.&*4/*&4/60&*#&20&%0/"*&9+*48p&,#*0%&
!5#,/,<

P+*4&*40&'#()"0J+*:&#1&*40&/..0*&*:)0.&/,%&*40&
60"#'+*:8&+*S.&,#*&$,'#((#,&*#&4/60&.#(0#,0&
$)"#/%&($"*+3*05/2:*0&%/*/&+,&/&.+,-"0&1+"0<&D4#$3
./,%.&#1&.*+"".&(/:&/55+60&15#(&/,&#,3.0*&)4#*#-3
5/)4058&/""&+,&@?P&1#5(/*<&D40&.:.*0(&(/:&4/60&
*#&4/,%"0&9/*05(/5F+,-&/&.'5+)*&1#5&bjj&)0#)"0&
94+"0&4/,%"+,-&/&.'500,+,-&.#(094050&0".0<&
oD40&#5'40.*5/*+#,&#1&1+"0&)5#'0..+,-&/,%&%/*/&
(#60(0,*&,00%.&*#&20&0J'0)*+#,/"":&#)*+(+>0%&
20'/$.0&#1&*40&60"#'+*:<p

O+,'0&#,0&)5#%$'*&'/,,#*&./*+.1:&0605:&,00%&/,%&
20&o0605:*4+,-&*#&0605:2#%:8p&/%#)*+,-&/,&#)0,&
0'#.:.*0(&+.&%0.+5/2"0<&]$+"%&+,*0-5/*+#,.&/,%&
+,*05#)05/2+"+*:&*#&%0"+605&*40&o20.*&a$/"+*:&/*&*40&
0,%&#1&*40&%/:<p&H*4&I+,%&4/.&.0605/"&+,*0-5/*+#,.&
*#&1/'+"+*/*0&/,%&/$-(0,*&1$,'*+#,.&.$'4&/.&L@M8&
"+60&.*50/(+,-8&/,%&)5#%$'*+#,&50)#5*.<&D40&L#"2:&
Q,&+,*0-5/*+#,&.$))#5*.&"+60&.*50/(+,-8&)5#6+%3
+,-&/&.$)05+#5&/$%+#&0J)05+0,'0&*4/*&'/,&%0"+605&
.)/*+/"&/$%+#8&2/'F-5#$,%&,#+.0&'/,'0""/*+#,8&/,%&
"#93"/*0,':&.*50/(+,-<

!"#$%R5#,*8&O'5+)*C8&O4#*U5+%8&\L&M#%0"&Y+09058&
?%#20&!50/*+60&O$+*08&?))"0&DY&/,%&+QO8&]#J8&
/,%&A051#5'0&/50&.#(0&+,*0-5/*+#,.&0+*405&/"50/%:&
+,&)"/:&#5&.##,&*#&'#(0<&7]M&?.)05/&1+"0&*5/,.105&
/''0"05/*+#,&%+50'*":&*45#$-4&*40&+,*051/'0&)5#3
6+%0.&*40&/2+"+*:&*#&$)"#/%&/,%&%#9,"#/%&1#"%05.&
,/*+60":<&D40&?$*#%0.F&O4#*U5+%&+,*0-5/*+#,&40").&
)$""&+,&/""&*4/*&.4#*&+,1#5(/*+#,8&*40&0"0(0,*.8&/,%&
*40&'4/5/'*05.&/,%&+,1#5(.&/&,09&10/*$50&e&*40&
1+"03,/(+,-&'#,60,*+#,&)/5.05<&?.&90&'50/*0&/&
.0a$0,'0&'#%0&+,&O4#*U5+%&/,%&$)"#/%&/&1+"0&9+*4&
*4/*&'#%08&H*4&I+,%&'#,,0'*.&*4/*&+,1#5(/*+#,&
/,%&(/F0.&*4+,-.&(#50&.0/5'4/2"0<

!5#,/,&50/..05*0%&*40&-#/".&/*&H*4&I+,%&/.&o1#3
'$.+,-&#,&94/*&/50&*40&(#.*&6/"$/2"0&*4+,-.&90&
'/,&%#&*#&50%$'0&15+'*+#,8&0+*405&9+*4+,&)5#%$'*+#,&

#5&060,&#$*.+%0&*#&*40&60,%#5.&9#5F+,-&9+*4+,&
*40&)5#%$'*+#,&e&)5#6+%+,-&/,&/..0*&.#$5'0&#1&
*5$*48&*4/*&/--50-/*0.&/&"#*&#1&+,1#5(/*+#,&15#(&/&
"#*&#1&%+;050,*&*##".8&/,%&-+60.&:#$&-50/*&0J)05+3
0,'0.&1#5&%0'+.+#,3(/F+,-&#,&*#)&#1&*4/*<p&

P4+"0&.0605/"&*0'4,#"#-:&.#"$*+#,.&#5+-+,/*0%&
0".094050&*#&.0560&'5+*+'/"&1$,'*+#,.&#1&.#'+0*:&
201#50&-0**+,-&2#55#90%&*#&1/'+"+*/*0&+()5#60%&
)5#%$'*+#,&/,%&%+.*5+2$*+#,&#1&0,*05*/+,(0,*8&H*4&
I+,%&.*0((0%&15#(&*40&%0(/,%.&/5+.+,-&#$*&#1&
o/&2500%+,-&-5#$,%&#1&.#(0&#1&*40&(#.*&'#(3
)"0J&50a$+50(0,*.p&+,&T#"":9##%<&Y+5*$/"&50/"+*:&
+.&/,#*405&0(05-+,-&/50/&9+*4&+()"+'/*+#,.&1/5&
20:#,%&*40&(0%+/&/,%&0,*05*/+,(0,*&%#(/+,<&
!5#,/,&+.&90""&)#.+*+#,0%&*#&4/,%"0&*4#.0&%03
(/,%.&9+*4&o.#(0&)/*0,*.&/5#$,%&.+(+"/5&+%0/.p&
#1&o#)*+(+>+,-&*40&5+-4*&0,6+5#,(0,*&*#&/$-(0,*&
'50/*+60&1"#98&50%$'0&15+'*+#,&*#&/""#9&)0#)"0&*#&
.*/:&+,&*4/*&'50/*+60&.)/'08&/,%&%0"+605&*40+5&+%0/.&
/.&'"0/5":&/.&)#..+2"0<p&■

Z+60&'/(05/&100%&/,%&9+*,0..&'/(&15#(&*40&)5#%$'*+#,&.*/-0&
6+090%&50(#*0":&6+/&H*4&I+,%&!Q@C&Z7YC<
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Case Study 1: CORE LIVE for remote collaboration with 

the on-set production crew

?''0..&*#&)4:.+'/"&"#'/*+#,.&9/.&.06050":&50.*5+'*0%
&%$0&*#&!QY7L3bn&)5#*#'#".<&!"#$%"&&

,00%0%&/&.#"$*+#,&*4/*&0()#9050%&50(#*0&*0/(.&*#&%0"+605&6/"$/2"0&.$))#5*&/,%&+,)$*&

%$5+,-&#,3.0*&)5#%$'*+#,<&?&"+60&100%&15#(&*40&.*/-08&94+'4&+,&0..0,'08&9/.&/&50(#*0&

6+%0#&6+""/-08&9/.&*40&5+-4*&.#"$*+#,<&D05/%0F&!$20&C
,'#%05.&/,%&Q)0,&]5#/%'/.*05&

O#1*9/50&KQ]ON&9050&$.0%&*#&.0,%&50/"3*+(0&(0../-+,-&)5#*#'#"&K@DMAN&15#(&*40&

D05/%0F&!$20&/,%&"#93"/*0,':&P02&@0/"3D+(0&!#(($,+'/*+#,&KP02@D!N&15#(&Q]O&

%+50'*":&+,*#&H*4&I+,%S.&!Q@C&Z7YC<

@0(#*0&'#""/2#5/*#5.&.+-,0%&+,*#&H*4&I+,%S.&Z+60&@##(&1#5&*40&.*/-0.&*#&9/*'4&*40&

'/(05/S.&(/+,&100%&6+/&*40&D05/%0F&/,%&/&9+*,0..&'/(05/&100%&#1&*40&0,*+50&6#"$(0&

)5#%$'*+#,&0,6+5#,(0,*E.*/-0&6+/&Q]O&/,%&P02@D!<

@##(&)/5*+'+)/,*.&'#$"%&.0"0'*&+,%+6+%$/"&100%.&#5&.9+*'4&20*900,&*40(<&D40&L7D&*0/(&

.0*&$)&*40&9+*,0..&'/(05/&"+60&100%&#,&*40&1+5.*&*0'4&%/:&*#&0,/2"0&50(#*0&*0/(.&*#&

#2.0560&/,%&)5#6+%0&100%2/'F&/.&*40&)5#%$'*+#,&.0
*.&9050&+,'50(0,*/"":&2$+"*<

D40&100%&9/.&/''0..+2"0&6+/&*/2"0*.8&/,%&'509&(0(205.&)5/'*+'+,-&.#'+/"&%+.*/,'+,-&/".#&

$.0%&+*&1#5&506+09&/,%&'#(($,+'/*+#,<&M#50&*4/,&`H&'#""/2#5/*#5.&/,%&'509&/''0..0%&

*40&.*/-0&.*50/(.&/*&/,:&-+60,&)#+,*&%$5+,-&)4:.+'/"&)5#%$'*+#,<

Case Study 2: CORE LIVE for remote dailies editing 
and review pipeline
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Screenshot of the Arch Platform User Dashboard

Arch Platform User Dashboard: Application stack

Arch Platform User Dashboard: Workstation build completion tab
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Start Early to Save Big
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Role of a CTO at Movie 
Studios
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'4:<&oO$%%0,":8&:#$&'/,&%5/(/*+'/"":&50%$'0&:#$5&%/*/.0*.<p

oD4/*S.&*40&'4/""0,-08p&,#*0%&!4$5'49/5%<&oD4/*S.&/,&#,3)50(+.0&
'4/""0,-0&/.&90""<p

oA0#)"0&*0,%&*#&20&."+-4*":&"/>+05&#,3)50(&20'/$.0&*40:S50&
X$.*&)$**+,-&+*&#,*#&/,&ZDQ8&94+'4&+.&/&#,03*+(0&'#.*8p&40&

/%%0%<&

oP4050/.&9+*4&U"/'+058&:#$S50&)/:+,-&(#,*4":8&.#&
)0#)"0&,00%&*#&20&(#50&/9/50<p&?5'4&4/.&-50/*&

.$''0..&9+*4&*40&"#9&)5+'0&)#+,*&#1&U"/'+05<&■
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The NVIDIA Corporation has been a major driving force in the 
advancement of GPU technology and its application across 
wide-ranging industries. The team at NVIDIA discussed 
how they continue to make significant contributions to the 
fields of gaming and real-time 3D graphics, and how these 
contributions have allowed for a greater level of creativity and 
e!ciency in the virtual production workflow.

Questions for NVIDIA from ETC for 
The Virtual Production white paper:

1. Graphics Processing Unit (GPU) — What are some of the 
      industries that have progressed rapidly and impacted lifestyle 
      advancements in recent years with the expansion of GPU
      processing capacity?

|& ?""&+,%$.*5+0.&/50&,#9&20,01+*+,-&15#(&/%6/,'0(0,*.&+,&*40&UAV8&15#(&"+10&.'+0,'0.&/,%&
40/"*4'/508&(/,$1/'*$5+,-&/,%&*0"0'#(($,+'/*+#,.8&*#&*40&#26+#$.&#,0.t&-/(+,-&/,%&
(0%+/&/,%&0,*05*/+,(0,*<&UAV.&4/60&+-,+*0%&/&9#5"%9+%0&?7&2##(<&D40:S60&20'#(0&/&F0:&
)/5*&#1&(#%05,&.$)05'#()$*+,-&/,%&4/60&200,&9#60,&+,*#&.)5/9"+,-&,09&4:)05.'/"0&%/*/&
'0,*05.<&

|& I0:&/%6/,'0(0,*.&+,&*40&UAV&5/,-0&15#(&-5/)4+'.&/''0"05/*+#,&*#&)#9051$"&'#()$*0&
'/)/2+"+*+0.&1#5&?78&/,%&060,&*/.F.&.$'4&/.&0,'5:)*+#,&/,%&,0*9#5F&/''0"05/*+#,<&&

|& O+($"/*+#,8&-5/)4+'.&/,%&50,%05+,-8&?78&)5#X0'*+#,&/,%&%+.)"/:&*0'4,#"#-:&/50&/""&0,/2"0%&
2:&*40&UAVS.&/2+"+*:&*#&)5#'0..&6/.*&/(#$,*.&#1&%/*/<
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|& U/(+,-&+.&+()#5*/,*&/,%&4/.&/"9/:.&200,&/&)/5*&#1&*40&+,,#6/*+#,&BY7L7?&+.&%5+6+,-<&M#50&50'0,*":8&
BY7L7?&4/.&+,,#6/*0%&/5#$,%&0%-0&'#()$*+,-&/,%&*40&'"#$%8&0,/2"+,-&/,:#,0&*#&4/60&/''0..&*#&
)#9051$"&UAV.&15#(&/,:94050&#,&/,:&%06+'0<&

|& BY7L7?S.&/%6/,'0(0,*.&+,&5/:&*5/'+,-&4/60&20'#(0&/,&+()#5*/,*&6+.$/"+>/*+#,&*0'4,#"#-:&+,&(/,:&
+,%$.*5+0.&"+F0&/5'4+*0'*$50&/,%&(/,$1/'*$5+,-<&&

|& BY7L7?&4/.&.+(+"/5":&200,&9#5F+,-&/"#,-.+%0&#$5&)/5*,05.&/,%&'$.*#(05.8&+,,#6/*+,-&/5#$,%&*40&
(#.*&%0(/,%+,-&50a$+50(0,*.&+,&*40&1+"(&/,%&*0"06+.+#,&+,%$.*5+0.8&0,/2"+,-&F0:&6+5*$/"&)5#%$'*+#,&
*0'4,#"#-+0.&/,%&9#5F1"#9.<

|& BY7L7?&@D[&ijjj&UAV.&4/60&200,&/&(/+,.*/:&1#5&50/"3*+(0&'#,*0,*&1#5&6+5*$/"&)5#%$'*+#,&1#5&ZCL&
6#"$(0.&%$0&*#&*40&"/5-0&UAV&(0(#5:&)5#1+"08&.$))#5*&1#5&-0,"#'F8&/,%&%+.)"/:&.:,'45#,+>/*+#,&$.+,-&
BY7L7?&u$/%5#&O:,'&77&/,%&V,50/"S.&,L+.)"/:<&

|& D40&/%60,*&#1&BY7L7?&@D[&25#$-4*&/2#$*&@D&'#50.8&)5#6+%+,-&/%%+*+#,/"&'#()$*0&)#905&1#5&50/"3*+(0&
5/:&*5/'+,-8&/.&90""&/.&*0,.#5&'#50.&1#5&/''0"05/*+,-&/5*+1+'+/"&+,*0""+-0,'08&.$'4&/.&%0,#+.+,-&/,%&.$)05&
./()"+,-&9+*4&LZOO&K%00)&"0/5,+,-&.$)05&./()"+,-N<&

|& @/:&*5/'+,-&/""#9.&*40&$.05&*#&.+($"/*0&*40&)/*4&#1&"+-4*8&4#9&+*&2#$,'0.8&'4/,-0.&'#"#58&/,%&+""$(+,/*0.&
*40&6+5*$/"&9#5"%&9+*4&/&"060"&#1&1+%0"+*:&*4/*&(+55#5.&#$5&)4:.+'/"&50/"+*:<&D4+.&.+($"/*+#,&'/,&)5#6+%0&
-50/*&/''$5/':&/,%&+,&*40&)/.*&9/.&#,":&/6/+"/2"0&*#&4+-43)#9050%&.:.*0(.&9#5F+,-&+,&#;"+,0&5/*0.8&
(+,$*0.&*#&4#$5.&)05&15/(0&5/*405&*4/,&15/(0.&)05&.0'#,%<&BY7L7?S.&@D[&#)0,0%&*40&%##5&1#5&/,:#,0&
*#&'50/*0&4+-4&1+%0"+*:&6+.$/".&+,&50/"&*+(0<

|& C)+'&U/(0.&4/.&+,60.*0%&40/6+":&+,&*40&)5#10..+#,/"&$.0&#1&V,50/"&C,-+,0&+,&*40&1+"(&/,%&*0"06+.+#,&+,3
%$.*5+0.&/,%&*40.0&+,60.*(0,*.&1#5(0%&/&.*5#,-&1#$,%/*+#,&1#5&6+5*$/"&)5#%$'*+#,<&C)+'&9/.&0/5":&+,&*40&
50+,60,*+#,&#1&Y@8&/,%&*40:&4/5%9/503/''0"05/*0%&*40+5&0,-+,0&*#&*/F0&/%6/,*/-0&#1&*40&"/*0.*&+,,#6/*+#,.&
+,&UAV&'#()$*+,-<&C)+'&'#,*+,$0.&*#&+,60.*&+,&*5/+,+,-&/,%&'$.*#(05&)5#X0'*.&*45#$-4&C)+'&M0-/U5/,*.&
/,%&V,50/"&R0""#9.4+).<&

|& O+(+"/5":8&BY7L7?&4/.&+,60.*0%&40/6+":&+,&50.0/5'48&OLI.8&4/5%9/50&/,%&.#1*9/50&1#5&*40&(0%+/&v&0,*05*/+,3
(0,*&+,%$.*5:&1#5&%0'/%0.8&'#,*+,$#$.":&250/F+,-&2#$,%/5+0.&+,&*05(.&#1&-5/)4+'.&)051#5(/,'08&5/:&*5/'3
+,-8&/,%&?7<&D40.0&+,60.*(0,*.&/""#90%&/""&#1&*40&5/:&*5/'+,-&-##%,0..&*#&20&0J)#.0%&*4/*&9050&%060"#)0%&
1#5&*40&)5#10..+#,/"&(/5F0*<&D0'4,#"#-+0.&.$'4&/.&u$/%5#&O:,'&77&/".#&/""#9&($"*+)"0&'#()$*05.&*#&50,%05&/&
.+,-"0&)+'*$50&/,%&/""#9&/&'/(05/&*#&'/)*$50&*40&'#()"0*0&)+'*$50&9+*4#$*&o*0/5+,-<p&

2. The penetration of gaming across the globe has been growing       
        exponentially, spanning every age range in the past few decades,         
        with some sources claiming the numbers to be around three billion. 
        How has this demand for faster and improved real-time graphics  
        pushed the innovation cycle at NVIDIA?

4. How have these advancements in gaming-related real-time graphics    
       rendering led to a revolution in the movie production workflow — 
       methodologies that have collectively been termed virtual production?

3. RTX cards are all the rage in the industry. Can you describe the role ray 
       tracing plays in generating improved, real-time photoreal rendering?
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5. What do consumers and creators need to know about identifying use 
       cases for their line of work in the virtual production pipeline and how 
       should they go about finding the right GPU to address those needs?

|& 7,&.#(0&'/.0.8&"0..&+.&(#508&2$*&+,&6+5*$/"&)5#%$'*+#,8&"0..&+.&"0..<&Z0..&(0(#5:8&10905&.:.*0(.8&"#905&
)+J0"&'#$,*.&/""&"0/%&*#&"#905&a$/"+*:8&"#905&15/(0&5/*0.8&/,%&"0..&$./2"0&1##*/-0&+,&*40&0,%<&D40&BY7L7?&
@D[&ijjj&.05+0.&#1&)5#10..+#,/"&UAV.&)5#6+%0&*40&)#905&/,%&(0(#5:&50a$+50%&2:&6+5*$/"&)5#%$'*+#,&
.*/-0.<&]:&$.+,-&u$/%5#&O:,'&77&*0'4,#"#-:8&:#$&'/,&0J)/,%&*40&.:.*0(&'"$.*05&/.&"/5-0&/.&:#$&,00%&*#&
/''#((#%/*0&*40&50,%05+,-&50a$+50(0,*.&#1&:#$5&)5#%$'*+#,S.&/..0*.&1#5&*40&,$(205&#1&9/""&'#,*5#""05.&
/,%&*#*/"&,$(205&#1&)+J0".&:#$&/50&.$))#5*+,-<

|& M/,:&.#1*9/50&'#()/,+0.&4/60&"0/5,0%&*4/*&(/F+,-&:#$5&)5#%$'*&1500&*#&$.0&/""#9.&+,%+6+%$/".&
*#&"0/5,&*40&)5#%$'*8&'50/*0&#,"+,0&"0/5,+,-&6+%0#.8&/,%&$"*+(/*0":&-5#9&*40&'#(($,+*:<&P/+*+,-&*#&
(#,0*+>0&*40&.#1*9/50&4/.&/**5/'*0%&%060"#)(0,*&*#&'#(0&+,&/,%&+,60.*&*40+5&*+(0&*#&060,&2$+"%&,09&
9#5F1"#9.&+,&,/.'0,*&+,%$.*5+0.<

|& BY7L7?&+.&+,6#"60%&+,&/""&)4/.0.&#1&%060"#)(0,*&a$+*0&0/5":&*45#$-4&/&%0%+'/*0%&L060"#)05&@0"/*+#,.&
*0/(8&/.&90""&/.&+,%$.*5:&0J)05*.&+,'"$%+,-&.#"$*+#,&/5'4+*0'*.&*4/*&'/(0&%+50'*":&15#(&*40&+,%$.*5:<&?.&/&
-"#2/"&"0/%05&+,&-5/)4+'.&/,%&?78&BY7L7?&+.&150a$0,*":&25#$-4*&+,*#&*40&%+.'$..+#,&0/5":&#,&)5#X0'*.&*4/*&
4/60&,0605&200,&%#,0&201#50<&M/,:&#1&*40.0&'#""/2#5/*+#,.&9+*4&)/5*,05.&/,%&'$.*#(05.&4/60&40")0%&
*40&)/'0&#1&+,,#6/*+#,&1#5&/""&+,6#"60%<

|& D4050&/50&/&6/5+0*:&#1&%+;050,*&9/""&.0*$).&+,'"$%+,-&.(/""&1"#/*+,-&)/,0".&*4/*&'/,&1"#/*&+,*#&.)0'+1+'&
)#.+*+#,.&,00%0%8&*#&-0,05/"&$.0&'/60.&94+'4&'#605&*4500&.+%0.&/,%&/&5##1&94+"0&$.+,-&)5/'*+'/"&.0*&
)+0'0.&1#5&*40&-5#$,%8&*#&'$.*#(&.4/)0.&"+F0&*$,,0".&1#5&.)0'+1+'&.4#*.<&]50/F%#9,&*40&$.0&'/.0.&:#$&
9/,*&*#&'#605&/,%&%0.+-,&/&.*/-0&*4/*&1+*.<&?&-/5-/,*$/,&'/60&+.,S*&-#+,-&*#&20&$.0%&+1&+*S.&.#&"/5-0&+*&
%0(/,%.&/&4+-4&)5+'0&*/-&94+"0&)5#%$'*+#,.&'/,&-0*&*40+5&9#5F&%#,0&9+*4&.(/""05&1"0J+2"0&)/,0".<&D40&
+,%$.*5:&+.&.*+""&(#6+,-&1/.*<&A/,0".&/50&(/*$5+,-&a$+'F":8&.#&%0.+-,&1#5&1"0J+2+"+*:&/,%&.4#5*&0a$+)(0,*&
"+10.)/,.<

6. How has the consumption pattern changed in recent years as game 
       engines like Unreal Engine and Unity have become free to use?

8. What are the questions groups involved ought to ask early in the game 
        to better equip the infrastructure to maximize what is possible in the virtual 
        production workspace?

7. The LED wall has become a ubiquitous phenomenon somewhat overshadowing 
       other applications and workflow methodologies involved with virtual production.     
       The hype around it has seen rapid growth in walls of all sizes and shapes popping  
       up everywhere, which needs powerful computing that goes with it. How early in  
       the discussion do the entrepreneurs, creators, and technologists involved in 
       designing and operating these pipelines reach out to NVIDIA to discuss solutions 
       for real-time graphics processing as a prominent facet of this process?
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9. To upskill and build capacity in this burgeoning field, the need for 
        structured and segmented education protocols is being recognized as
        the gap to be filled most urgently. Does NVIDIA have education
        curricula and workshops catering to this industry and workforce?

|& BY7L7?&/'*+60":&9#5F.&*#&0%$'/*0&*40&(/5F0*&/*&060,*.&.$'4&/.&BY7L7?S.&UAV&D0'4,#"#-:&!#,1050,'0&
KUD!N8&O7UU@?AT8&B?]8&7]!8&@0/"D+(0&!#,1050,'08&7,1+,+*:&R0.*+6/"8&/,%&#*405.<&BY7L7?&4/.&/".#&
)/5*,050%&9+*4&'$.*#(05.&#,&6+%0#.&/,%&2"#-.&*#&.4#9'/.0&4#9&?7&'/,&40")&9+*4&6+5*$/"&)5#%$'*+#,<&?%3
%+*+#,/"":8&BY7L7?&50'0,*":&)/5*,050%&9+*4&C)+'&U/(0.&/,%&M+'5#.#1*&1#5&/&*9#3%/:&.$((+*&*4/*&/""#90%&
/**0,%00.&*#&-0*&4/,%.3#,&9+*4&/&6+5*$/"&)5#%$'*+#,&.*/-0&K4**).tEE)5#%$'*+#,.$((+*"/<'#(EN<

|& ]/.0%&#,&A+J/5S.&VOL&KV,+605./"&O'0,0&L0.'5+)*+#,N&1#5(/*8&BY7L7?&Q(,+605.0&/'*.&/.&/&4$2&*#&
+,*05'#,,0'*&:#$5&0J+.*+,-&\L&9#5F1"#98&50)"/'+,-&"+,0/5&)+)0"+,0.&9+*4&"+603.:,'&'50/*+#,8&"0**+,-&
/5*+.*.&'#""/2#5/*0&/'5#..&*40&/5*&%0)/5*(0,*8&*40&Y?L8&#5&#,3.0*&/'5#..&V,50/"8&M/:/8&/,%&\%.&
M/J<&D4+.&/""#9.&/5*+.*.&*#&$.0&*40+5&1/6#5+*0&L!!&*##"&94+"0&0,/2"+,-&/&'#((#,&6+09)#5*&/'5#..&
/""&/)).&*45#$-4&BY7L7?S.&($"*+3UAV30,/2"0%&@D[&@0,%0505<&&

|& Q(,+605.0&/""#9.&+,%$.*5+0.&.$'4&/.&/5'4+*0'*$50&/,%&(/,$1/'*$5+,-&*#&'50/*0&%+-+*/"&*9+,.&/,%&
.+($"/*0&*40(&201#50&*40:&/50&0605&2$+"*&+,&*40&)4:.+'/"&9#5"%<

|& BY7L7?&Q(,+605.0&+.&,#*&/&-/(0&0,-+,0<&P4+"0&+*&+.&-/(03
'4/,-+,-&*0'4,#"#-:8&+*&9+""&,#*&50)"/'0&-/(0&0,-+,0.&+,&*40&
6+5*$/"&)5#%$'*+#,&)+)0"+,0<&BY7L7?&Q(,+605.0&9+""&0,4/,'0&
*40&'#,*0,*&'50/*+#,&)5#'0..&2:&'#,,0'*+,-&/5*+.*.&9+*4&
%+;050,*&%+.'+)"+,0.&/,%&%+;050,*&L!!&*##".&*#&/""&'#""/2#5/*0&
#,&*40&./(0&.'0,0&1+"0&+,&50/"&*+(0<&■

10. In 2021, TIME magazine listed NVIDIA Omniverse among the year’s top 
          100 inventions. What does this innovation deliver to users and what are 
          the di"erent use cases that have earned it this distinction?

11. Will Omniverse replace our dependence on game
         engines to power virtual production pipelines?
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Ryan L’Italien, Director of Solutions at Perforce Software, at the 
Amazon Studios Virtual Production volume stage during the 

Fathead first unit shooting schedule.

PERFORCE SOFTWARE
!"#$%"&&CJ0'$*+60&A5#%$'05&C5+F&P0/605&
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Role of ICVR
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.#&*40:&9#5F0%&9+*4&?PO&%+50'*":&*#&.0*&$)&/&
.05605&/,%&(/+,*/+,&*40&A051#5'0&0,6+5#,(0,*&
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7!Y@&4/.&/&.*5#,-&1##*+,-&+,&(#2+"0&-/(+,-&/,%&+.&
1/(+"+/5&9+*4&*40&'#,'0)*&#1&605.+#,&'#,*5#"<&D40:S%&
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*40:&4/%&.#(0&055#5.&#,&*40&)"/*1#5(8&*40:&50/'40%&#$*&
*#&A051#5'0&1#5&.#(0&*5+/"&"+'0,.0.<&Q,'0&7!Y@&.*/5*0%&
*#&2$+"%&/&9#5F1"#9&/5#$,%&+*8&ZS7*/"+0,&./+%8&oD40:&90,*&
1$""&A051#5'08&2#$-4*&"+'0,.0.8&/,%&(+-5/*0%&15#(&A"/.3
*+'&#,*#&A051#5'0<p

Version Control Legacy in 
Other Industries
A051#5'0&4/.&200,&/5#$,%&1#5&%0'/%0.<&D5/%+*+#,/"":8&+*&
.0560%&.#1*9/50&%060"#)05.<&R#5&/""&*:)0.&#1&/))"+'/3
*+#,&%060"#)(0,*8&+*&20'/(0&*40&-#3*#&.#$5'0&'#,*5#"<&
D40&1#'$.&9/.&*#&40")&+,%$.*5+0.&9+*4&.#(0&0"0(0,*&#1&
.'/"0&9+*4&)5#X0'*.&4/6+,-&*4#$./,%.&#1&$.05.&/""&#605&
*40&-"#208&$.+,-&"#*.&#1&(/..+60&1+"0.<&I/*+0&!#"08&*40&
-/(+,-&v&6+5*$/"&)5#%$'*+#,&06/,-0"+.*&/,%&%+50'*#5&#1&
)5#%$'*&(/5F0*+,-&/*&A051#5'0&.*/*0%8&oD4050&9050&,#&
#*405&.#$5'0&'#,*5#"&.#"$*+#,.&/6/+"/2"0&#,&*40&(/5F0*&
*4/*&'#$"%&.0/("0..":&4/,%"0&*4#.0&0"0(0,*.&#1&.'/"0<p

D40&*5/,.+*+#,&+,*#&(#50&.)0'+1+'&+,%$.*5+0.&"+F0&-/(+,-&
9/.&,/*$5/"&e&/.&-/(0&%060"#)(0,*&+,6#"60.&.#1*9/50&
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Ryan L’Italien, Director of Solutions at Perforce Software, at the 
Amazon Studios Virtual Production volume stage during the 

Fathead first unit shooting schedule.

Image source: 
https://aws.amazon.com/blogs/media/virtual-production-
reference-architecture-with-epic-games-unreal-engine/

To learn more, visit:
https://www.perforce.com/solutions/virtual-production-software

https://www.perforce.com/resources/vcs/free-virtual-production-tutorial
https://www.perforce.com/blog/vcs/unreal-virtual-production

https://www.perforce.com/integrations/perforce-and-unreal-integration

%060"#)(0,*<&D40&4$(#,-#$.&2+,/5:&/..0*.&9#$"%,S*&
9#5F&9+*4&U+*&K/&'#()0*+,-&605.+#,&'#,*5#"&.:.*0(N<&
oD4/*S.&4#9&90&-#*&+,*#&-/(+,-8p&0J)"/+,0%&!#"0<&
D40,&9+*4&*40&(+-5/*+#,&#1&-/(0&0,-+,0.&+,*#&#*405&
605*+'/".8&"+F0&6+5*$/"&)5#%$'*+#,&#,&*40&(0%+/&/,%&0,3
*05*/+,(0,*&15#,*&/,%&%+-+*/"&*9+,.&+,&(/,$1/'*$5+,-8&
A051#5'0&0,*050%&*4#.0&,09&0,6+5#,(0,*.<

L+-+*/"&*9+,.&9050&/%#)*0%&2:&50*/+"&%$5+,-&*40&)/,3
%0(+'&*#&'$*&'#.*.<&!#"0&./+%8&o7&'/,&(/F0&%+-+*/"
50)"+'/.&#1&*40&*4+,-.&7S(&.0""+,-&*#&)0#)"0<&]$*&4#9&
/50&*4#.0&%+-+*/"&50)"+'/.&'50/*0%y&P0S50&50'50/*+,-
*40(&+,&-/(0&0,-+,0.8&,#*&.#(0&#"%8&/,*+a$/*0%&%+-+3
*/"&*9+,.S&*0'4,#"#-+0.<p&D40&-/(0&0,-+,0.&(#6+,-
+,*#&*40.0&#*405&605*+'/".&+.&/&)5+(/5:&%5+605&1#5&A053
1#5'0&*#&.$))#5*&*4#.0&+,%$.*5+0.<

oU/(0&%060"#)05.&4+.*#5+'/"":&9#5F0%&+,&.+"#.8p&
ZS7*/"+0,&/%%0%<&oD40:S50&20+,-&)$""0%&#$*&#1&*40&-/(0&
+,%$.*5:&/,%&/50&/.F0%&*#&'4/,-0&4#9&*40:&"##F&/*&
'#,*0,*&1#5&#*405&605*+'/".<&D40:&4/60&*5/,.105/2"0&
.F+"".<p&D40&(#6+0&+,%$.*5:&+.&#)0,&/,%&.4/50.&+*.&)5#3
'0..0.8&94+'4&+,'50/.0.&*40&%0(/,%&1#5&/5*+.*.&/,%&
%060"#)05.&15#(&*40&-/(0&+,%$.*5:<

Assimilating into Other 
Verticals 

M#6+,-&+,*#&%+;050,*&605*+'/".&4/.&50a$+50%&2$+"%3
+,-&.)0'+1+'&*##".&1#5&*4#.0&,09&+,%$.*5+0.<&o7*&9/.
)5#2/2":&/2#$*&/&%0'/%0&/-#&940,&-/(0&%060"3
#)(0,*&20'/(0&/&2+-&1#'$.&1#5&$.8p&!#"0&#2.0560%<&
D4/*&%+%,S*&'4/,-0&($'4&15#(&*40+5&)506+#$.&(#%3
0"&/.&*40&5/*+#&#1&'#%05.&*#&'50/*+60&+,%+6+%$/".<&D40&
-/(+,-&)+)0"+,0&9/.&.*+""&40/6+":&50"+/,*&#,&+,%+6+%3
$/".&20+,-&/2"0&*#&95+*0&'#%0<

D40&A051#5'0&*##".0*&9/.&2$+"*&*#&.0560&%060"#)05.&
94#&95+*0&'#%0<&7,&.#(0&#1&*40&,09&605*+'/".
20-+,,+,-&*#&/%#)*&A051#5'08&94050&*4050S.&"0..&503
"+/,'0&#,&%060"#)05.&/,%&-50/*05&%0)0,%0,'0&#,
'50/*+60&)0#)"0&94#&/50&"0..&*0'4,+'/"&+,&,/*$508&
!#"0&./+%8&oP0S50&/%X$.*+,-&/,%&4/60&200,&+,&*40&
)5#'0..&#1&'#,*+,$+,-&*#&/%X$.*&#$5&*##".&*#&20&
15+0,%"+05&1#5&*40&)0#)"0&94#&/50,S*&%060"#)05.&2:&
,/*$50<p&

D40&-#/"&+.&*#&2$+"%&$.05315+0,%":&9#5F1"#9.&1#5&
"0..&*0'4,+'/"&)0#)"0<&!#"0&/".#&,#*0%&*4/*&*40&
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*:)0.&#1&/..0*.&*40:S50&.*#5+,-&+,&*40&%0)#*&/50&
(#50&6+.$/"<&P4+"0&.*#5+,-&1+"0.&9/.&,0605&/,&
+..$08&*40&,09&)/5/%+-(&+.t&oT#9&%#&90&(/F0&+*&
15+0,%"+05&1#5&*40(&*#&1+,%&*4#.0&/..0*.&/,%&)503
6+09&*40(yp&D40.0&/50&X$.*&"+,0.&#1&'#%08&.#&*40&
a$0.*+#,&20'#(0.t&oT#9&%#&*40:&'#()/50&*4#.0&
/..0*.&*#&0/'4&#*405yp&D40.0&#*405&605*+'/".&4/60&
"0%&*40&*0/(&/*&A051#5'0&*#&60,*$50&+,*#&*40&,0J*&
15#,*+05&#1&6+.$/"":&/9/50&.#$5'0&'#,*5#"<
D40&)5#%$'*&(/,/-0(0,*&*0/(&+.&4/5%&/*&9#5F<&
!#"0&./+%8&o7*&9+""&20&/&"#,-&)5#'0..&*#&+,*05/'*&9+*4&
0,*05)5+.03"060"&.#1*9/50&*#&-0*&*4050<p&

!#,*+,$#$.&+()5#60(0,*.&4/60&200,&(/%0&+,&503
'0,*&:0/5.&*#&$)-5/%0&*40&$./2+"+*:&*#&(/F0&*4+,-.&
(#50&/''0..+2"0&/,%&1+,%/2"0&/*&/,:&"060"&+,.*0/%&
#1&50":+,-&#,&/&.$2X0'*&(/**05&0J)05*&#5&-0**+,-&
+,*#&*40&%#'$(0,*/*+#,<&D40&$.05&+,*051/'0&KV7N&
9+""&20&.+()"+1+0%&9+*4&./10-$/5%.&/,%&)5#()*.&*#&
40")&)0#)"0&$,%05.*/,%&*4+,-.&+,&50-$"/5&C,-"+.4&
+,.*0/%&#1&*0'4,#"#-:&.)0/F&e&1#5&0J/()"08&055#5&
(0../-0.&*4/*&*0""&:#$&94/*S.&4/))0,+,-<&7*&+.&\j&
:0/5.&#1&%060"#)(0,*&*4/*&*40&*0/(&4/.&*#&-"#..&
#605&/,%&(#%+1:<&

oT#9&%#&:#$&X$()&15#(&'#%0&*#&)50**:&)+'*$50.yp&
ZS7*/"+0,&)#,%050%<&o7*&(/:&*/F0&$.&/&"+**"0&94+"0<p&D#&
0J)0%+*0&*40&)5#'0..8&A051#5'0&+.&)/5*,05+,-&9+*4&
#*405.&+,&*40&+,%$.*5:&*#&9#5F&#$*&+,*0-5/*+#,.&e&
*4#.0&'#(+,-&$)&.##,&9+""&+,'"$%0&]"0,%058&T#$%3
+,+8&1*5/'F8&/,%&O4#*U5+%<&C)+'&U/(0.&4/.&'4/,-0%&
*40&V7&1#5&V,50/"&C,-+,0&H&1#5&h'4/,-0&"+.*.S&/,%&
'40'F+,-&1+"0.&+,&/,%&#$*&$.+,-&*40&A051#5'0&'#,3
'0)*<

A051#5'0&#5-/,+>0.&'$.*#(05&/%6+.#5:&2#/5%.8&
94050&*40:&4/60&"0/5,0%&*4/*&605.+#,+,-&4/.&*#&20&
(/%0&/"(#.*&+,6+.+2"0&1#5&*40&"0..&*0'4,+'/"&$.05.<&
oD4/*S.&*40&+%0/&9+*4&/""&*40.0&+,*0-5/*+#,.8p&./+%&
!#"0<&o{#$&%#,S*&060,&4/60&*#&*4+,F&/2#$*&605.+#,3
+,-<&{#$&%#&*40&9#5F1"#9&:#$S50&$.0%&*#8&/,%&/""&*40&
5+-4*&.*$;&9+""&4/))0,&#,&*40&2/'F&0,%&*#&.0'$50&
+*<p&D4/*&+.&*40&'#,'0)*&"0/%+,-&*40&(#60(0,*&
1#59/5%<

HIERARCHY IN FILMMAKING 

Y+5*$/"&A5#%$'*+#,&A5#%$'05&D#(&D4$%+:/,)"/'F/"&
25#$-4*&$)&*40&,/*$50&#1&1+"((/F+,-&*4/*&+.&9+"%":
%+;050,*&15#(&-/(0&#5&.#1*9/50&%060"#)(0,*<&
oD40&%+50'*#58&)5#%$'058&95+*058&/,%&LA&/50&1#"F.&

94#&'#(0&+,8&/,%&*40+5&*+(0&+.&605:&"+(+*0%&#,&(/,:&
)5#X0'*.8p&40&./+%<&o{#$&-0*&*40(&1#5&*9#&4#$5.&4050&
#5&*4050&20'/$.0&*40:S50&+,&/2#$*&_j&(00*+,-.<p

D4$%+:/,)"/'F/"&4+-4"+-4*0%&*4/*&*40.0&F0:&'#,*5+23
$*#5.&o)$*&*40+5&1+,-05)5+,*&#,&.#(0*4+,-8&/,%&+*S.&+(3
)#5*/,*&*#&-0*&*4/*&/'5#..&*40&2#/5%&1#5&0605:2#%:<p&
?*&*4/*&"060"8&*40:&/50&,#*&%0/"+,-&9+*4&/..0*.&#5&
9#5F+,-&9+*4&1+,0&%0*/+".<&7*S.&/""&/2#$*&25#/%&.*5#F0.&
*4/*&4/60&/,&+()"+'/*+#,&/""&*40&9/:&%#9,&20'/$.0&
+*S.&'#(+,-&15#(&*40&*#)<

oR+"((/F+,-&4/.&/&4+05/5'4+'/"&.*5$'*$50&1#5&4#9&
'#,*0,*&+.&%0/"*&9+*48&/,%&*4/*&,00%.&*#&20&501"0'*0%&
+,&4#9&90&+,*05/'*&9+*4&.#1*9/508p&./+%&D4$%+:/,3
)"/'F/"<&

A051#5'0&%0/".&9+*4&*4+.&*#)3%#9,&/))5#/'4&2:&
.0**+,-&$)&.*50/(.&/,%&9#5F1"#9.&2/.0%&#,&4#9&
$.05.&/,%&'#,*0,*&'50/*#5.&+,*05/'*&9+*4&*40&1+"0.<&
oP0&#5+-+,/"":&4/%&/&1"/*&4+05/5'4:8p&./+%&ZS7*/"+0,<&
D4050&9/.&/&(/+,"+,0&9+*4&.0605/"&%+;050,*&.*50/(.<&
D40&)5#2"0(&9+*4&(05-+,-&+.&%0*05(+,+,-&94#&4/.&
/''0..&*#&94/*&e&.0)/5/*+,-&.*50/(.&2/.0%&#,&*40&
'#,*0,*&*4/*&9/.&20+,-&0%+*0%&/,%&,#*&*40&)05.#,/&
#5&*40&.*/-0.&#1&/))5#6/"<

ZS7*/"+0,&./+%8&oD40&,09&9/:&(/5F.&+*&#$*8&2$*&+*&
'#$"%,S*&20&+()"0(0,*0%&+,&*+(0&#,&R/*40/%<p&7*&(+53
5#5.&4#9&'#%0&+.&%060"#)0%<&D4050&/50&%060"#)(0,*&
25/,'40.8&+,*0-5/*+#,&.*50/(.8&/,%&50"0/.0&.*50/(.<&
D4/*&,#9&)5#6+%0.&/&.#"+%&9/:&#1&*4+,F+,-&/2#$*&4#9&
*#&)5#(#*0&'#,*0,*&*45#$-4&/&9#5F1"#9<

oP0S50&.*+""&+,&*40&)5#'0..&#1&1+-$5+,-&#$*&4#9&*#&20.*&
9#5F&+,.+%0&#1&*40.0&%+;050,*&+,%$.*5+0.8p
0J)"/+,0%&!#"0<&Q,0&/))5#/'4&20+,-&0J)"#50%&+.&*#&
'50/*0&/&*/2&1#5&6+5*$/"&)5#%$'*+#,<&!#"0&+.&9#5F+,-
9+*4&?))"+'/*+#,&C,-+,005&!/..+%:&A0/5./""&9+*4&
O:.*0(.&O#"$*+#,.&/*&?@@7&*#&)$*&*#-0*405&/&'$.3
*#(05&/%6+.#5:&2#/5%&*#&"0/5,&*40&5+-4*&)5#'0..&1#5&
1+"((/F05.&20**05<

oP0&4/60&/&9/:&#1&%#+,-&+*&,#98&2$*&+.&*4/*&*40&(#.*&
#)*+(/"&9/:yp&/.F0%&!#"0<&O40&/,%&405&'#""0/-$0.&
/*&A051#5'0&/50&+,*050.*0%&+,&%+.'#605+,-&94/*&
+()5#60(0,*.&9+""&(/F0&*40&)5#%$'*&.+()"05&1#5&'503
/*+60.<&O40&/%%0%8&oM/:20&*4050&/50&*4+,-.&90&,00%&
*#&/%%&#,&*4/*&%#,S*&0J+.*&5+-4*&,#9<p&7,%$.*5:&100%3
2/'F&+.&F0:&*#&)50)/5+,-&20**05&*##".&1#5&*40&1$*$50<&■
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FATHEAD AWS WORKFLOW
!"#$%"&&9/.&%0.+-,0%&*#&20&/&'"#$%31+5.*&)5#%$'*+#,&/,%&.0560&/.&/&*0.*+,-&-5#$,%&1#5&
,09&6+5*$/"&)5#%$'*+#,&9#5F1"#9.<&?,'4#50%&2:&50/"3*+(0&-/(0&0,-+,0.&/,%&'"#$%32/.0%&
.#"$*+#,.8&*40&)5#X0'*S.&9#5F1"#9&0,/2"0%&/&.(/""&*0/(&*#&'50/*0&/&4+-43a$/"+*:&%0"+605/2"0<

!"#$%"&&CJ0'$*+60&A5#%$'05&/,%&6+5*$/"&)5#%$'*+#,&.)0'+/"+.*&C5+F&P0/605&0,"+.*0%& *40&
40")&#1&?(/>#,&P02&O056+'0.&K?PON&*#&9#5F&'"#.0":&9+*4&!"#$%"&&'50/*+60.&1#5&"0605/-+,-&
?PO& .056+'0.& 15#(& 20-+,,+,-& *#& 0,%8& .$))#5*0%& 2:& )/5*,05.8& +,'"$%+,-& C)+'& U/(0.8&
A051#5'08&H*4&I+,%8&?5'4&A"/*1#5(&D0'4,#"#-+0.8&]"/'F(/-+'&L0.+-,8&/,%&]"$0.'/)0<&&

?.&9+*4&(#.*&6+5*$/"&)5#%$'*+#,.8&*40&)5#'0..&9/.&25#F0,&%#9,&+,*#&*4500&)4/.0.t&)503
)5#%$'*+#,&K201#50&'/(05/N8&#,3.0*&'#""/2#5/*+#,&K'/(05/&'/)*$50N8&/,%&)#.*3)5#%$'*+#,&
K.056+'0.&/1*05&'/(05/N<

[Image source: Epic Games]
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D40&)5#X0'*&/".#&1#""#90%&*40&?PO&.4/50%&503
.)#,.+2+"+*:&(#%0"&1#5&.0'$5+*:<&?PO&#)05/*0.8&
(/,/-0.8&/,%&'#,*5#".&*40&'#()#,0,*.&15#(&*40&
4#.*&#)05/*+,-&.:.*0(&/,%&6+5*$/"+>/*+#,&"/:05&
%#9,&*#&*40&)4:.+'/"&.0'$5+*:&#1&*40&1/'+"+*+0.&+,&
94+'4&*40.0&.056+'0.&#)05/*0<

D40&?PO&'#,*0,*&"/F0&0,/2"0%&*40&!"#$%"&&*0/(&
*#&0.*/2"+.4&/&'"#$%32/.0%&'#""/2#5/*+60&(/,3
/-0(0,*&15/(09#5F&'/)/2"0&#1&4/,%"+,-&)053
.#,,0"&/'*+6+*:8&.'5+)*&*5/'F+,-8&.'0,0&*5/'F+,-8&
%+-+*/"&0,6+5#,(0,*.&*5/'F+,-8&/..0*&(/,/-03
(0,*8&'/(05/&.4#*&)"/,,+,-8&)4:.+'/"&/,%&6+5*$/"&
/..0*.&)5#'$50(0,*8&.4#*&"+.*.8&)5036+.$/"+>/*+#,8&
/,%&.'40%$"+,-<&

R#5&*40&)5#%$'*+#,&+,15/.*5$'*$508&!"#$%"&&CJ0'3
$*+60&A5#%$'05&U50-&!+/''+#&/,%&A#.*3A5#%$'3
*+#,&O$)056+.#5&^/(0.&]"06+,.&'#,.$"*0%&9+*4&
?PO&*#&%060"#)&/&%0.+-,&$.+,-&*40&?PO&'#,*0,*&
"/F0&/5'4+*0'*$50<&D4+.&.:.*0(&)5#6+%0%&)4#*#3
-5/((0*5:&+,-0.*&.$))#5*8&6+5*$/"&/5*&%0)/5*3

PRE-PRODUCTION
7,&)503)5#%$'*+#,8&'5+*+'/"&+%0/*+#,8&)"/,,+,-8&
/,%&2$%-0*+,-&/50&)/5/(#$,*<&C;+'+0,*&.'40%3
$"+,-8&)5036+.$/"+>/*+#,8&/,%&"+,0&)5#%$'+,-&
%$5+,-&/&)5#X0'*S.&0/5":&.*/-0.&%0*05(+,0&4#9&
.(##*4":&)5#%$'*+#,&9+""&1$,'*+#,<&R#5&!"#$%"&&
)503)5#%$'*+#,8&*40&*0/(&.0"0'*0%&'"#$%32/.0%&
.0'$5+*:8&/5*+.*+'8&/,%&.'40%$"+,-&*##".&.$+*/2"0&
1#5&50(#*0&'#""/2#5/*+#,&15#(&/,:94050&+,&*40&
9#5"%<&&

!"#$%"&&)5#%$'*+#,&%0.+-,0%&*40&)5#X0'*S.&
9#5F1"#9&/,%&'4#.0&?(/>#,&O+()"0&O*#5/-0&
O056+'0&K?(/>#,&O\N&/.&*40&1#$,%/*+#,/"&'#,3
*0,*&"/F0&94050&/""&'50/*0%&/..0*.&'#$"%&20&
.*#50%<&D#&)5#*0'*&*40&'#,*0,*8&*40&*0/(&'50/*0%&
?(/>#,&O\&.0'$5+*:&)#"+'+0.&*#&*+05&/''0..&)5+63
+"0-0.&1#5&*40&'509<&V.+,-&7%0,*+*:&?''0..&M/,3
/-0(0,*&K7?MN8&*40&*0/(&-0,05/*0%&+,%+6+%$/"&
'50%0,*+/".&/,%&%0"+6050%&*40(&*#&*40&50'+)+0,*.<

?(/>#,&O\&0,/2"0%&0,'5:)*+#,&*#&.0'$50&*40&
/..0*.8&9+*4#$*&'50/*+,-&/,&0J*5/&9#5F1"#9&.*0)<&

The nature of this shared responsibility model is outlined in the following diagram:
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(0,*&.056+'0.8&#,3.0*&'#""/2#5/*+#,8&Q5+-+,/"&
!/(05/&R##*/-0&KQ!RN&*#&'"#$%&+,-0.*8&50(#*03
#,3.0*&0%+*#5+/"8&/,%&)#.*E6+.$/"&0;0'*.&KYR[N&
)+)0"+,0&.056+'0.<&

D40&6+5*$/"&/5*&%0)/5*(0,*&'#""/2#5/*0%&#,&
%0.+-,+,-&*40&%+-+*/"&0,6+5#,(0,*.&$.+,-&A053
1#5'0&T0"+J&!#508&94+'4&*5/'F.&/,%&(/,/-0.&
'4/,-0.&*#&%+-+*/"&/..0*.8&+,'"$%+,-&'#%08&6+%0#8&
/,%&"/5-0&2+,/5:&1+"0.<&D40:&/".#&$.0%&T/,.#1*&
e&/&*##"&1#5&*0/(&'#""/2#5/*+#,8&9#5F"#/%&(/,3
/-0(0,*8&/..+-,(0,*&*5/'F+,-8&/,%&50/"&*+(0<&
A051#5'0&)5#6+%0%&/,&?PO&!"#$%R#5(/*+#,&
*0()"/*08&94+'4&9/.&$.0%&*#&"/$,'4&*40.0&*##".<&

D45#$-4#$*&*40&)5#X0'*8&*40&6+5*$/"&/5*&%0)/5*3
(0,*&'#""/2#5/*0%&#,&(#50&*4/,&ij8jjj&V?O3
OCD&1+"0.&.*#50%&+,&A051#5'08&*#*/"+,-&#605&Hqi&
U]<&D#&'50/*0&*40.0&%0.+-,.8&*40&*0/(&"0605/-0%&
M/560"#$.&L0.+-,05&/,%&*5+M+55#5S.&\L&L5/)05&
1#5&'"#*4+,-&'50/*+#,&/,%&%0.+-,&+,&\L<
&
A4#*#-5/((0*5:&e&*40&)5#'0..&#1&0J*5/'*+,-&
\L&+,1#5(/*+#,&15#(&)4#*#-5/)4.&*#&'50/*0&
\L&(#%0".&#1&50/"39#5"%&#2X0'*.&/,%&"#'/3
*+#,.&e&)"/:0%&/&'5$'+/"&5#"0&+,&'50/*+,-&(/,:&
\L&.'0,0.&%+.)"/:0%&#,&*40&ZCL&9/"".&%$5+,-&

+,3'/(05/&'/)*$50&#,&*40&6+5*$/"&)5#%$'*+#,&
.*/-0<&C)+'&U/(0.S&@0/"+*:!/)*$50&)4#*#-5/(3
(0*5:&*##"&)5+(/5+":&.$))#5*0%&/..0*&'/)*$50<&

R+"0&*5/,.105&.056+'0&M?OY8&/,&?PO&A/5*,058&
40")0%&/''0"05/*0&*40&+,-0.*&#1&*40&)4#*#-5/(3
(0*5+'&/..0*.&*#&?(/>#,&O\<&Q,'0&*40&/..0*.&
9050&$)"#/%0%8&*40&)4#*#-5/((0*5:&*0/(&$.0%&
#,"+,0&+(/-0&6+09+,-&*##"&A4#*#Y+09&*#&6+09&
*40(<&

?PO&)/5*,05&]"$0.'/)0&40")0%&*#&.*50/("+,0&
)5#%$'*+#,&)"/,,+,-&1#5&!"#$%"&<&D40&6+5*$/"&
'#""/2#5/*+#,&)"/*1#5(&0a$+))0%&*40&*0/(&9+*4&
/,&/'*+#,/2"0&-5+%&#1&.*#5:2#/5%.8&94+'4&
/""#90%&1#5&*40&%:,/(+'&506+09&#1&'#,'0)*&/5*&
/.&+1&+*&9/.&/&1$"":&/5*+'$"/*0%&/,+(/*+#,<&

V.+,-&*40&*##"S.&6+5*$/"&94+*02#/5%&1$,'*+#,/"+*:8&
($"*+)"0&%0)/5*(0,*.&'#""/2#5/*0%&50(#*0":<&
D40&)5#%$'*+#,&%0.+-,05.&'#$"%&506+09&'#.*$(0&
%0.+-,.8&.00&501050,'0&+(/-05:8&/,%&06/"$/*0&
.*#5:2#/5%.&/""&+,&/&.4/50%&6+5*$/"&0,6+5#,(0,*8&
'#()5+.+,-&Hb&$.05.8&b`&9#5F.)/'0.8&/,%&_8bq_&
1+"0.&*45#$-4#$*&)5#%$'*+#,<&R#5&*40&0,*+50&
)5#X0'*8&?+5*/2"0&0,/2"0%&/'*+6+*:&.'40%$"+,-&
/,%&*5/'F+,-&15#(&/&.+,-"0&.#$5'0&#1&*5$*4&*#&
F00)&*0/(.&/"+-,0%&/,%&%$0&%/*0.&#,&*5/'F<

Screenshot of Bluescape interface
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ON-SET 
COLLABORATION
D#&#)*+(+>0&)5#%$'*+#,&*+(0&%$5+,-&)5+,'+)/"&
)4#*#-5/)4:8&*40&*0/(&0.*/2"+.40%&/&5#2$.*&,0*3
9#5F8&+,'"$%+,-&/&bj&U2&?PO&L+50'*&!#,,0'*8&
15#(&*40&6+5*$/"&)5#%$'*+#,&.*/-0&+,*#&?PO&
@0-+#,&VO&P0.*&_&KQ50-#,N<&D4+.&'#,,0'*+#,&
0,/2"0%&*40&*0/(&*#&$)"#/%&Q!R&1+"0.&%+50'*":&
+,*#&/,&?(/>#,&O\&2$'F0*&/,%&F00)&,0*9#5F&
*5/;+'&#,&*40&?PO&-"#2/"&,0*9#5F&605.$.&)$23
"+'&7,*05,0*&*#&50%$'0&2#**"0,0'F.&/,%&)5060,*&
"/*0,':&+..$0.<&

P+*4&*4+.&/))5#/'48&!"#$%"&&)5#%$'*+#,&.$.3
*/+,0%&~`jj&M]E.&/.&+*&.0,*&'#,*0,*&%+50'*":&

15#(&*40&%+-+*/"&+(/-+,-&*0'4,+'+/,&KL7DN&'/5*&
*#&?(/>#,&O\<&D40&/''0"05/*0%&$)"#/%&.)00%&
9/.&.+-,+1+'/,*":&1/.*05&*4/,&*40&'/(05/S.&Q!R&
2+*5/*0&KHjj&M]E.&1#5&w<HI&Q)0,&U/*0&/*&_w&
1).N8&/,%&/2#$*&wj&)05'0,*&"0..&,0*9#5F&"#/%&
9+*4&!QLC[&T+-43L0,.+*:&C,'#%+,-&KTLCN&
"#.."0..&'#()50..+#,&0,/2"0%<&Q,'0&*40&Q!R&
$)"#/%&9/.&'#()"0*08&*40&.0*$)&*5+--050%&?PO&
L/*/O:,'&*#&(#60&*40&1+"0.&+,*#&?(/>#,&ROJ&
1#5&Q)0,cRO&4+-43.)00%&.4/50%&1+"0&.:.*0(&1#5&
#,"+,0&0%+*+,-<&V.+,-&?(/>#,&ROJ&1#5&Q)0,cRO&
0,/2"0%&9#5F.*/*+#,.&*#&'#,,0'*&50-/5%"0..&#1&
#)05/*+,-&.:.*0(&/,%&%0"+6050%&$)&*#&w&U]E.&
/,%&$)&*#&bij8jjj&7QAO&1#5&.(##*4&@?P&)"/:3
2/'F<&

V.+,-&!QLC[&TLC&9+*4&/,&?@@7&?"0J/&M+,+&
ZR&/".#&40")0%&*#&50%$'0&1+"0&.+>0&/,%&*5/,.105&
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*+(0.<&D40&1##*/-0&'#$"%&20&)"/:0%&2/'F&,/*+603
":&+,&]"/'F(/-+'&L0.+-,S.&L/Y+,'+&@0.#"60&b`&
0%+*+,-8&'#"#5&0;0'*.8&/,%&/$%+#&)#.*&.#1*9/50&
9+*4#$*&*5/,.'#%+,-8&.#&'"+).&/))0/50%&+((0%+3
/*0":&+,&*40&*+(0"+,0&)"/:2/'F&)#.*3$)"#/%<&&
P+*4&!QY7L3bn&)5#*#'#".&"+(+*+,-&#,3.0*&'5098&
!"#$%"&&)5#%$'*+#,&'#""/2#5/*0%&9+*4&?PO&*#&
%0"+605&/&.0'$508&"+60&100%&1#5&50(#*0&.*/F04#"%3
05.&6+/&/&6+5*$/"&6+%0#&6+""/-0&.0*$)&/'4+060%&$.3
+,-&H*4&I+,%S.&!Q@C&Z7YC<&M/+,&.*/-0&'/(05/&
100%.&9050&.0,*&6+/&@DMA&.*50/(.&15#(&D05/3
%0'F&!$20&C,'#%05.8&94+"0&/&9+*,0..&'/(05/&
#1&*40&0,*+50&6#"$(0&9/.&*5/,.(+**0%&6+/&#)0,3
.#$5'0&Q)0,&]5#/%'/.*05&O#1*9/50&KQ]ON&/,%&
P02@D!<&

@0(#*0&'#""/2#5/*#5.&'#$"%&.+-,&+,*#&*40&!"#5
$%"&&Z+60&@##(&#,&H*4&I+,%&*#&6+09&/'*+6+*:&+,&
50/"&*+(0&/,%&.9+*'4&20*900,&*40&.*50/(.<&D40&
L7D&*0/(&.0*&$)&*40&9+*,0..&'/(05/&"+60&100%&
#,&*40&1+5.*&*0'4&%/:&.#&*4/*&50(#*0&*0/(.&'#$"%&
#2.0560&/,%&)5#6+%0&100%2/'F&#,&)5#%$'*+#,&
#)05/*+#,.&/.&*40:&'50/*0%&*40&)5#X0'*S.&.0*.<&
A5#X0'*&(0(205.&'#$"%&/''0..&*40&"+60&100%&6+/&
*/2"0*.&$.0%&h,0/53.0*S&2:&.#'+/"&%+.*/,'+,-&'509&
(0(205.<&M#50&*4/,&`H&'#""/2#5/*#5.&/,%&'509&
/''0..0%&*40&.*/-0&.*50/(.&/*&/,:&-+60,&)#+,*&
%$5+,-&*40&)4:.+'/"&)5#%$'*+#,&#1&!"#$%"&<

POST-PRODUCTION
O+,'0&'/)*$50%&1+"0.&9050&/$*#(/*+'/"":&.0,*&
*#&?(/>#,&ROJ&1#5&Q)0,cRO&.*#5/-08&!"#$%"&&
L/+"+0.&C%+*#5&O4/9,&!/5".#,&20-/,&9#5F&#,&
*40&1##*/-0&15#(&4#(0&/.&.##,&/.&*40&$)"#/%&
9/.&'#()"0*0<&T0&$.0%&*40&?PO&)/5*,05&?5'4&
A"/*1#5(&*#&1/'+"+*/*0&/&.*50/(+,-&'#,,0'*+#,&
6+/&D05/%+'+&!"#$%&?''0..&O#1*9/50&K!?ON&*#&
/,&?(/>#,&C"/.*+'&!#()$*0&!"#$%&K?(/>#,&
C!_N&UH&+,.*/,'08&/&6+5*$/"&(/'4+,0&%0.+-,0%&
*#&4/,%"0&%0(/,%+,-&-5/)4+'.&9#5F1"#9.<&?&
"#'/"&.'500,&.*50/(+,-&.#"$*+#,&9/.&'50/*0%&1#5&
)5#%$'05&506+09.&9+*4&*40&)5#X0'*S.&)#.*&)5#10.3
.+#,/".&$.+,-&Q]O<&Z0605/-+,-&*40&?PO&-"#2/"&
,0*9#5F&/,%&H*4&I+,%&!Q@C&Z7YC8&506+09&.0.3

.+#,.&'#$"%&20&'#,%$'*0%&50(#*0":8&/,%&,#*0.&
'#$"%&20&.4/50%&"+60&9+*4&"+**"0&"/*0,':<&
&
V)#,&'#()"0*+#,&#1&*40&.*#5:&0%+*.8&!#"#5+.*&
?5+/,,/&O4+,+,-&O*/5&'#"#5&1+,+.40%&*40&)5#X3
0'*&9+*4&]"/'F(/-+'&L0.+-,&L/Y+,'+&@0.#"60&
b`&#,&/,&?(/>#,&C!_&UH&+,.*/,'08&9+*4&/&"+60&
.*50/(&#1&bj32+*&wtwtw&TYC!&1##*/-0&.0,*&15#(&
?PO&*#&405&%0.F*#)<&O40&9#5F0%&#,&*40&
)5#X0'*&#$*&#1&Z+-4*&75#,S.&)#.*3)5#%$'*+#,&1/3
'+"+*:&$.+,-&*40&]"/'F(/-+'&?%6/,'0%&A/,0"<

ARCHIVE
Q,'0&*40&)5#X0'*&95/))0%8&*40&*0/(&"0605/-0%&
/,&?(/>#,&O\&"+10':'"0&)#"+':&*#&(#60&!"#$%"&&
)5#%$'*+#,&1+"0.&15#(&?(/>#,&O\&O*/,%/5%&*#&
?(/>#,&O\&U"/'+05&7,.*/,*&@0*5+06/"8&/&(#50&
0'#,#(+'/"&.*#5/-0&'"/..&1#5&/5'4+6+,-&'#,*0,*&
*4/*&+.&.*+""&/''0..+2"0<&P+*4&/""&*40&/..0*.&+,&*40&
'"#$%8&*40&)5#%$'*+#,S.&%/*/&/,%&(0*/%/*/&/50&
0;+'+0,*":&)50.0560%8&50(#6+,-&*40&9#55:&#1&
%+./))0/5+,-&%5+60.<&■

AWS Senior Solutions Architect Zach Willner and Post-
Production Supervisor James Blevins photo-bombed 

by Writer-Director c. Craig Patterson.
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James Blevins is a media and 
entertainment consultant with 
extensive experience in stem-to-
stern data flow management from 
the first day of shooting to worldwide 
distribution. Blevins had shouldered 
diverse responsibilities as a post-
production supervisor for Lucasfilm 
and led pipeline innovations and 
implementations at major studios, 
including Netflix and Disney. 

As a VFX industry veteran, Blevins 
continues to look for e!ciencies 
and makes meaningful contributions 
toward defining new processes, 
standards, and workflows. He is the 
current chairman of Networking 
Education Technology (NET) at the 
Hollywood Professional Association 
(HPA). 

Why Do Fathead After 
The Mandalorian?

]"06+,.&/55+60%&#,&!"#$%"&&/1*05&/&.*+,*&/.&
)#.*3)5#%$'*+#,&.$)056+.#5&#,&)50.$(/2":&*40&
"/5-0.*&/,%&(#.*&)#)$"/5&6+5*$/"&)5#%$'*+#,&60,3
*$508&I$%)9"0&"?+(2"0&K9"0&+N<&7*&+.&,/*$5/"&1#5&
#,0&*#&9#,%05&94/*&'#$"%&4/60&/**5/'*0%&4+(&*#&
/&)5#X0'*&"0..&*4/,&/&4$,%50%*4&#1&*4/*&.'/"0<&

& o7&"#60&'#""/2#5/*+#,8p&./+%&]"06+,.<&o]$*&
'#""/2#5/*+,-&/*&*40&"060"&#1&I$%)9"0&"?+(2"0&
+.&,#*&#,&:#$5&*05(.<&?*&*4/*&"060"8&0605:#,0&
+.&5+.F&/605.0<p&A5#10..+#,/".&/50&0J)0'*0%&*#&
%0"+605&*5+0%&/,%&*0.*0%&.#"$*+#,.<&D40&(/,*5/&
+.&.+()"0t&oL#,S*&1+J&+*&+1&+*&+.,S*&25#F0,<p&

D40&%0(/,%+,-&,/*$50&#1&*4#.0&0,#5(#$.&
X#2.&%5#60&]"06+,.&o*#&.00&)#..+2+"+*+0.&1#5&
+,,#6/*+#,<p&Q,&!"#$%"&8&40S%&F,#9,&#1&CD!S.&
0J)05+0,'0&9+*4&)506+#$.&)5#%$'*+#,.&.$'4&
/.&K2<<?%)LM%-#<&D40&0J)05+(0,*/"&,/*$50&#1&
*40&)5#X0'*&/,%&*40&#))#5*$,+*:&*#&*0.*&,#60"&
*##".8&)5#'0..0.8&/,%&+,*0-5/*+#,.&(/%0&4+(&

'#,.+%05&X#+,+,-&*40&2/,%<&

oT/6+,-&*/F0,&*40&0,*+50&M/,%/"#5+/,&*0/(&*#&
*40+5&50(#*0&9#5F.)/'0.&e&+,*#&*40+5&4#(0.&#5&
94050605&*40:&9/,*0%&*#&9#5F&e&90&4/%&*#&%#&+*&
+,&/&4$55:8p&40&0J)"/+,0%<&U+60,&*4+.&"+.*&#1&503
.#$5'0.&/6/+"/2"0&*#&CD!&*45#$-4&+,%$.*5:&)/5*3
,05.&/,%&)/*5#,.8&]"06+,.&9/,*0%&*#&*5:&.#(0&
,09&9/:.&*#&%#&*4+,-.&20**05<

o7*&9/.&/&,#325/+,058p&40&,#*0%<&o7&4/%&(:&0J)05+3
(0,*.&*#&*5:<p&]"06+,.&"+F0%&*40&%+605.0&+,,#6/*#5.&
#,&2#/5%&*40&)5#X0'*&/,%&X#+,0%&*40(&*#&0,/2"0&
*40&'#""0'*+#,&#1&+%0/.&/,%&+,,#6/*+#,.&"+,0%&$)&
*#&)$.4&*40&0,60"#)0&1#5&6+5*$/"&)5#%$'*+#,<&

]"06+,.&)#,%050%8&o94/*&'/,&20&%#,0&9+*4&)503
(/*$50&*0'4,#"#-+0.8p&.+,'0&.#(0&#1&*40&)5#%3
$'*.&/,%&)5#'0..0.&/55+60%&/*&CD!&90""&201#50&/,&
#;+'+/"&20*/&50"0/.0<&M/,$1/'*$505.&/,%&*0'43
,#"#-+.*.&4#))0%&#,&2#/5%&*#&-0,05/*0&/&)5##13
#13'#,'0)*&2:&)"$--+,-&*40(&+,*#&/&50/"39#5"%&
.+($"/*+#,&#1&/&"+60&)5#%$'*+#,&0,6+5#,(0,*<

O)0/F+,-&/2#$*&*40&"/5-05&(#*+1&/,%&*40&0J)053
+(0,*/"&-#/".&#,&!"#$%"&8&]"06+,.&./+%8&o7&#,":&
4/%&(:&#9,&0J)05+0,'0&*#&%5/9&15#(&/,%&94/*&
90&4/%&25#$-4*&#,&*#&9"0&+<p&

@0(+,+.'+,-&/2#$*&4+.&*+(0&#,&L+.,0:S.&(/+%0,&
60,*$50&+,*#&/&1$""3#,&6+5*$/"&)5#%$'*+#,&.05+0.8&
]"06+,.&./+%8&oP0&50/"+>0%&.#(0&*4+,-.&20*900,&
.0/.#,&#,0&/,%&.0/.#,&*9#&9050&50/"&h-#*'4/S&
(#(0,*.&1#5&,09'#(05.&*#&*40&6+5*$/"&.)/'0<p

Q,&!"#$%"&8&40&9/,*0%&*#&-0*&+,&15#,*&#1&*4#.0&
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)5#2"0(.&/,%&)#+,*&*40(&#$*<&T0&'/*0-#3
5+>0%&*40&F0:&'4/""0,-0.&+,*#&*9#&'#,605./3
*+#,.&/;0'*+,-&)5#%$'*+#,&%+50'*":t&D40&5#"0&
#1&)#.*3)5#%$'*+#,&+,&0,.$5+,-&*4/*&*40&'#"#5&
)+)0"+,0&+.&+,*/'*&/,%&*40&+()#5*/,'0&#1&#,3.0*&
0%+*#5+/"<&

B#9&90&4/60&/&,09&'#"#5&)5#%$'05&1#5&*40&
ZCL&6#"$(0<&Q,&I$%)9"0&"?+(2"08&]"06+,.&'#"3
"/2#5/*0%&9+*4&*40&LA8&*40&YR[&.$)056+.#58&/,%&
7ZM&*#&0,.$50&+*&9/.&/""&+,*/'*<&C605:*4+,-&.4#*&
9/.&/.&+,*0,%0%&+,&*05(.&#1&'#"#5<&

oP40,&*4+,-.&/50&1/.*3(#6+,-&/,%&0J)0,.+608&
:#$&,00%&*#&4/60&/,&#,3.0*&0%+*#5+/"&20'/$.0&
*4050S.&605:&"+**"0&'4/,'0&90S50&50*$5,+,-8p&0(3
)4/.+>0%&]"06+,.<&C605:#,0&4/.&*#&F,#9&94/*&
*40:S60&.4#*<&

Fix It in Prep 

Q,&!"#$%"&8&940,&]"06+,.&X#+,0%&*40&.4#98&
)506+.&9/.&"+(+*0%8&/,%&*4050&9/.&,#&.4#*32:3
.4#*&250/F%#9,&1#5&/""&*40&.0a$0,'0.<&T0&./+%8&
/.&.##,&/.&40&+,*5#%$'0%&0%+*+,-&%+50'*":&+,&*40&
'"#$%8&o+*&20'/(0&*40&.)+5+*&#1&*40&)5#X0'*<p

Q,0&#1&*40&/%6/,*/-0.&#1&6+5*$/"&)5#%$'*+#,&+.&
40/6+":&+,60.*+,-&+,&6+.$/"+>/*+#,&0/5":&e&%#+,-&
)506+.8&6+5*$/"&.'#$*+,-8&Y!/(&.0..+#,.8&/,%&
20+,-&/2"0&*#&+,60.*+-/*08&+*05/*08&/,%&.*/5*&
0%+*+,-&*#&.00&*40&1+"(&06#"60<&

D4050&9050,S*&/,:&0%+*.&#1&*40&.*#5:2#/5%.8&
/,+(/*+'.8&#5&)506+.<&U#+,-&+,*#&)5#%$'*+#,&/*&
*40&ZCL&6#"$(08&*40&*0/(&%+%&,#*&4/60&*0'46+.&
+,&)"/'0&*#&40")&9+*4&+,*5+'/*0&)"/,,+,-<&71&*4+.&
+.&.#(0*4+,-&*#&20&0J)0'*0%&15#(&*5/%+*+#,3
/"&1+"((/F05.&/,%&940*405&#,":&*0'43./66:&
%+50'*#5.&"+F0&^/(0.&!/(05#,&9+""&0(25/'0&+*8&
]"06+,.&./+%8&o7&%#,S*&F,#9&94/*&-#0.&*45#$-4&
*40&(+,%&#1&*40&1+"((/F05<p&

R+"((/F+,-&+,6#"60.&/&'50/*#5&/,%&/&'/(3
05/&'#,60:+,-&/&.*#5:&*45#$-4&/&$,+a$0&"0,.<&
]"06+,.&.4/50%&*4/*&.#(0*+(0.&*4050S.&/&
h)50%/*#5S&)5#2"0(<&7*S.&/&2"0,%&#1&#,0&)05.#,&
)"/:+,-&*40&)5#%$'058&0%+*#58&/,%&.4##*05<&D40&
0J0'$*+#,&50(/+,.&"#'F0%&+,&*40&40/%8&/,%&
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New Role of Production 
Technologist 
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Supporting the Creative 
Vision 
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Data Mobility and Data 
Gravity 
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Data Management and 
Interoperability 
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Color Grading in 
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The DaVinci Resolve Remote Monitoring application combined with a high-performance remote 
desktop solution, such as NICE DCV, enables live 4K video streaming to system monitors. It also 

allows users to connect a DaVinci Resolve Control Surface, such as a Micro Panel, and get a color-
accurate HDMI or HD-SDI video feed delivered via a compatible UltraStudio or DeckLink Card on the 

client workstation. Editors and colorists can then work in their preferred ways. 

A detailed explanation of this workflow can be found in the related AWS Blog Post.
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Blevins in discussion with director Patterson at the Amazon Studios LED volume stage
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0%+*#5.<p&{#$&'/,&4/60&/""&.#5*.&#1&(/'4+,0.&
.)$,&$)&1#5&%+;050,*&50/.#,.<

D40&0;+'+0,'+0.&*4/*&:#$&,00%&/50&/*&:#$5&
1+,-05*+).<&{#$&%#,S*&4/60&*#&50a$+.+*+#,&/&(/3
'4+,0&*#&4/60&+*&+,&*40&'#5,05&+,&'/.0&:#$&,00%&
+*<&oB#,0&#1&*4/*&0J+.*.8p&./+%&]"06+,.<&o7&%#,S*&
4/60&*#&"##F&1#5&:0""#9&"+-4*.&#,&4/5%&%5+60.<&
7&%#&,00%&.$))#5*8&2$*&+*S.&/&'05*/+,&'"/..&#1&
.$))#5*<p&?""&*4/*&-#0.&9+*4&0,.$5+,-&:#$5&,0J3
$.&+.&40/"*4:&4/.&,#9&-#,0&/9/:<&

oD4050&9050&0;+'+0,'+0.&*#&20&1#$,%&/.&90&
+,*0-5/*0%&.#$,%&/,%&YR[&+,*#&*4+.&'0,*5/"+>0%&
9/:&#1&9#5F+,-8p&./+%&]"06+,.8&94#&'#,*+,$0.&
*#&4$,*&%#9,&(#50&0;+'+0,'+0.&94050605&/,%&
4#90605&40&'/,&%0"+605&*40(<&■
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Dane Brehm has operated 
as a freelance technician for 
over 18 years and transitioned 
from 35mm film to 8K+ data-
based acquisition within the 
last decade. Brehm started as 
an apprentice under the best 
image-makers in the world — 
Roberto Schaefer ASC AIC, 
Paul Cameron ASC, Phedon 
Papamichael ASC, Hiro Narita 
ASC, Josh Bleibtreu ASC, 
Bill Coe, John Chater, Jay 
Farrington, DIT Jim Rolin, and 
ga"ers Mike Ambrose, Peter 
Thomas, and Steve Condiotti.
]504(&90/5.&(/,:&4/*.&#,&)5#X0'*.&5/,-+,-&
15#(&'#((05'+/".&*#&z_jjM&.*$%+#&10/*$50.8&
)051#5(+,-&/.&/,&7!U&%+-+*/"&+(/-0&*0'4,+'+/,&
KL7DN8&A4/,*#(&*0'48&.*050#&\L&.)0'+/"+.*8&%/+3
"+0.&'#"#5+.*8&%5#,0&#)05/*#58&/,%&Y@&.$)056+.#5&
4/,%"+,-&9#5F1"#9&.$)056+.+#,&15#(&"/5-0&%/*/&
'/)*$508&#,3.0*&'#"#58&,0/53.0*&%/+"+0.8&/,%&`I&
/,%&wI&.)405+'/"&%0"+605/2"0.<

Q,&!"#$%"&8&]504(&.*0))0%&+,&/.&/&)5#%$'*+#,&
*0'4,#"#-+.*8&%0"+605+,-&4+.&+,3%0)*4&9#5F+,-&
F,#9"0%-0&#1&"+-4*+,-&$,+*.8&'/(05/&)50)/5/3
*+#,8&"0,.&%0.+-,&/,%&'4/5/'*05&%01+,+*+#,8&"/5-0&
%/*/&1##*)5+,*&(/,/-0(0,*8&#,3.0*&'#"#58&4+-43
0,%&.*$%+#&(#,+*#5+,-8&/,%&/&90/"*4&#1&.*5/*03
-+0.&*#&0,/2"0&'/)*$50&.:.*0(.&1#5&LA.8&?!.8&
L7D.8&YR[8&/,%&)#.*3)5#%$'*+#,<

D40&)5#X0'*&/".#&20,01+*0%&15#(&]504(S.&503
"/*+#,.4+).&9+*4&.0605/"&(/,$1/'*$505.&94#&
.*0))0%&#,&2#/5%&*#&.#"60&4/5%9/503&/,%&
.#1*9/50350"/*0%&50.0/5'4&/,%&%060"#)(0,*8&
%0"+605+,-&/&90/"*4&#1&*##".&/,%&F,#934#9&*#&
1/'+"+*/*0&*40&+,,#6/*+60&9#5F1"#9<

Unique Features of 
Fathead Stage Partner

D40&CD!&/**5/'*.&)/5*+'+)/*+#,&15#(&*40&2+--0.*&
/,%&,090.*&*0'4,#"#-:&+,,#6/*#5.<&Q,&!"#$%"&8&
*40&*0/(&.0'$50%&/''0..&*#&/,&ZCL&6#"$(0&
'#()/5/2"0&*#&#5&"/5-05&*4/,&*40&#,0&$.0%&1#5&
I$%)9"0&"?+(2"0<&Z$J&M/'4+,/&0,-+,0050%&*40&
ZCL&6#"$(08&/,%&/&.(/""&-5#$)&#1&*0'4,+'+/,.&
15#(&Z$J&50(/+,0%&)50.0,*&*#&9/*'4&#605&/,%&
-$+%0&*40&)5#'0..<

]504(&X#+,0%&!"#$%"&&/1*05&9#5F+,-&9+*4&M/53
60"&/,%&^/(0.&!/(05#,<&D4#$-4&!"#$%"&&+.&/&
.4#5*&1+"(8&*40&.*/-0&/,%&*##".&9050&#,&)/5&9+*4&
*4#.0&$.0%&*#&)5#%$'0&*40&2+--0.*&.4#9.&+,&*40&
9#5"%<&D40&25/+,&2/5&#5&6#"$(0&'#,*5#"&/,%&%/*/&
'#,,0'*+6+*:&#$*%+%&94/*&(#.*&.*/-0.&9#$"%&
/;#5%<

?.F0%&*#&a$/,*+1:&.#(0&#1&*40&20,01+*.&#1&9#5F3
+,-&+,&/&5#2$.*&6+5*$/"&)5#%$'*+#,&0,6+5#,(0,*8&
]504(&./+%8&oP/"F+,-&+,*#&/&.*/-0&*4/*S.&/"50/%:&
90""&%060"#)0%8&*4050S.&"+**"0&*4/*&7&4/%&*#&'#(0&
+,&/,%&/.F&1#58&"+F0&/&)+0'0&#1&4/5%9/50&#5&.#1*3
9/50&50a$+50%&*#&%#&(:&9#5F<p

oT#9&%#&7&)"$-&+,*#&/&)5030J+.*+,-&+,15/.*5$'3
*$50yp&9#,%050%&]504(8&50(+,+.'+,-&/2#$*&*40&
/2$,%/,*&/''0..&*#&wj&U2C&9#5*4&#1&2/,%3
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9+%*48&o94+'4&90&'#$"%,S*&060,&"0605/-0<p

R#5&(#.*&)5#%$'*+#,.8&]504(&,#*0%&*4/*&*0/(.&
+,*05/'*&2:&)4:.+'/"":&0J'4/,-+,-&(0%+/&'#,3
*/+,+,-&*40&%/*/8&94+'4&'#,.$(0.&*+(0&/,%&
+,6#"60.&.#(0&%+.'$..+#,&*#&.#"60&/,:&+..$0.&
*4/*&(/:&/5+.0<&D40&+,15/.*5$'*$50&/*&*40&.*/-0&
/""#90%&0/'4&.)0'+/"+>0%&9#5F.*/*+#,&*#&50(/+,&
'#,,0'*0%&*#&*40&,0*9#5F&/,%&'"#$%&.056+'0.&*#&
0J'4/,-0&4$-0&/(#$,*.&#1&%/*/<

7,&/,&0'#.:.*0(&"+F0&*4+.8&]504(&/))50'+/*0%&
*40&/2+"+*:&*#&,0*9#5F&9+*4&0605:#,0&/5#$,%&*#&
.4/50&%/*/&.0/("0..":8&060,&/,*+'+)/*+,-&94/*&
.#(0#,0&(+-4*&,00%&%#9,&*40&"+,0<&]504(&
*4#$-4*&*40&(#.*&*5/,.1#5(/*+#,/"&)/5*&9/.&
4/6+,-&/""&#1&*40&)5#%$'*+#,&%0.+-,05S.&%/*/&*#&
"##F&/*&/,%&)05'0+60&94050&*#&)$*&*40&'/(05/&
/,%&*40&"+-4*+,-<

D40&*0/(&'#$"%&/''0..&*40&506+09&)5#'0..8&
'#"#5&(/,/-0(0,*8&6+09+,-&TL@&/,%&OL@&.+3
($"*/,0#$.":8&/,%&25#/%'/.*&*4/*&%/*/&*#&-/*405&
50/"3*+(0&100%2/'F<&O'#**&Oa$+50.8&*40&6+5*$/"&
)5#%$'*+#,&.$)056+.#5&#,&!"#$%"&8&50(#*0":&
/''0..0%&*40&'#,*0,*&/,%&'#(($,+'/*0%&9+*4&
*40&*0/(&/*&*40&.*/-0<

?.&*40&)5#%$'*+#,&*0'4,#"#-+.*8&]504(&0J/(3
+,0%&%0)/5*(0,*&2:&%0)/5*(0,*&/,%&'#,60:0%&
*#&*40&*0/(.8&oT050S.&4#9&90S50&-#+,-&*#&+,*053
/'*&9+*4&0/'4&#*405&20'/$.0&90&%#,S*&4/60&*#&
*4+,F&/2#$*&/""&*40.0&%+;+'$"*&*4+,-.&*4/*&4/60&
/"50/%:&200,&%0'+%0%&/,%&)$*&1#5*4&1#5&$.&*#&20&
/2"0&*#&)"$-&+,&/,%&.*/5*&9#5F+,-<p

]504(&/**5+2$*0%&*40&*0/(S.&.$''0..&*#&*40.0&
/%6/,'0(0,*.&*4/*&40")0%&*40(&a$+'F":&"/$,'4&
*40&)5#'0..0.&#1&*0.*+,-8&06/"$/*+#,8&50/"3*+(0&
1+"((/F+,-8&/,%&.4/5+,-&/'5#..&*40&2#/5%<&L/*/&
9/.&50"/:0%&/,%&/''0..0%&+,&50/"3*+(08&/,%&1#5&
*40&0%+*#5.8&'/(05/&1##*/-0&9/.&$)"#/%0%&/.&
5/9&1+"0.&/,%&)5#J+0.<

R#5&*40&50(#*0&*0/(.8&]504(&.*50/(0%&/&9+*3
,0..&'/(05/&*4/*&'/)*$50%&*40&/'*+6+*:&/*&*40&
.*/-0&/"#,-.+%0&*40&1+"(S.&)5+(/5:&'/(05/<&T0&
*4#$-4*8&9+*4&/""&*4/*&%/*/8&o*4050S.&,#&"/'F&#1&
.*+($"/*+#,<p&D40&#,":&a$0.*+#,&1+"((/F05.&,00%&
*#&/.F&+.t&oT#9&%#&7&$.0&/""&#1&*40.0&.*50/(.&
*#&*40&20,01+*&#1&*40&.*#5:&/,%&*#&*0""&94/*&*4+.&
)+'*$50&9/,*.&*#&20yp

T/6+,-&0605:#,0&/6/+"/2"0&*#&(/F0&%0'+.+#,.&#,&
204/"1&#1&*40&.*#5:&+.&0J*50(0":&)#9051$"<&B#53
(/"":&0605:*4+,-&+.&/))5#/'40%&6+/&.+"#.8&2$*&
,#9&+*S.&)#..+2"0&*#&/%%50..&0,&(/..0<

The Many Firsts of the 
Project

Q,&!"#$%"&8&*40&!+,*0-5/"&D0'4,#"#-+0.&*0/(&
.*/5*0%&9+*4&*40&a$0.*+#,t&oP4/*&/50&*40&.+-3
,+1+'/,*&+..$0.&90&9/,*&*#&4/,%"0&*4/*&(/:&
/''0"05/*0&*40&9#5F1"#9&1#5&*40&1+"((/F05.&/,%&
25+%-0&/,:&-/).&9+*4+,&#$5&)5#10..+#,&/.&%+-+*/"&
+(/-+,-&*0'4,+'+/,.&*#&.4#5*0,&*40&%+.*/,'0&
20*900,&*4#$-4*&*#&0J0'$*+#,&/,%&2/'Fyp

oD40&2+--0.*&*4+,-&1#5&$.8p&./+%&]504(8&o9/.&
4/6+,-&+((0%+/*0&/''0..&*#&/,&?PO&.0,+#5&
.#"$*+#,.&/5'4+*0'*<p&D40&1+"(&9/.&.4#*&#,&/,&
?"0J/&M+,+&ZR&.4##*+,-&w<HI&#)0,&-/*0&?@3
@7@?P8&94050&*40&'/(05/&50'#5%.&/5#$,%&qHj&
(0-/2:*0.&)05&.0'#,%<&D4+.&6/"$0&#1&qHj&M]E.&
20'/(0&*40&)051#5(/,'0&20,'4(/5F&1#5&]504(&
15#(&'/)*$50&*#&*40&(0%+/&/,%&94050605&0".0&+*&
,00%0%&*#&-#<

]504(&9#5F0%&9+*4&*40&?PO&.0,+#5&.#"$*+#,.&
/5'4+*0'*&*#&'50/*0&/&.'5+)*&*4/*&0,/2"0%&$)3
"#/%+,-&/,%&605+1:+,-&0605:*4+,-<&7,&*5/%+*+#,/"&
1+"((/F+,-8&*40&%/*/&+.&50'0+60%&6+/&(/-.&/,%&
%#9,"#/%0%&"#'/"":8&94050&/&2/'F$)&+.&(/+,3
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*/+,0%&#,&*40&.0*<&?&.4$**"0&'/55+0.&*40&(/-&*#&/&
"/2#5/*#5:&*4/*&%#9,"#/%.&*40&%/*/&/,%&.0,%.&+*&
*#&*40&0%+*#5.<

V.$/"":8&/&%/+"+0.&"/2#5/*#5:&9#5F.&#,&*40&1##*3
/-0&/5#$,%&ntjj&)<(<&20'/$.0&*40:&9/+*&$,*+"&/""&
*40&%/:S.&1##*/-0&/55+60.<&?&b_34#$5&*$5,/5#$,%&
+.&'#,.+%050%&,#5(/"<&]$*&+,&*4+.&'/.08&*4/*&
0,*+50&)5#'0..&9/.&/''0"05/*0%&/,%&'#,%0,.0%&
*#&/&wH3(+,$*0&9+,%#9<&oD4/*S.&/&1+5.*&1#5&(08p&
,#*0%&]504(<&oP4050&'/,&7&-0*&*4/*&"060"&#1&6053
+1+'/*+#,y&P0&'#$"%&)$.4&*4/*&/,%&9#5F&%+50'*":&
9+*4&#$5&)#.*3)5#%$'*+#,&.$)056+.#5&/,%&0%+*#5<p

Q,&!"#$%"&8&*40&.'5+)*&.$)056+.#5&/".#&4/)3
)0,0%&*#&20&*40&0%+*#5<&]504(&4/%&:0*&*#&0J3
)05+0,'0&*4/*&.+*$/*+#,&/,%&./+%&*4050&9/.&/,&
$,/,*+'+)/*0%&)#.+*+60&#$*'#(0&e&/&50/"3*+(0&
'#,605./*+#,&9+*4&*40&0%+*#5<&D40&0%+*#5E.'5+)*&
.$)056+.#5&+,'#5)#5/*0%&(#50&+,1#5(/*+#,&+,*#&
*40&O'5+)*C&)5#-5/(&*4/*&9/.&$)"#/%0%&*#&*40&
H*4&I+,%&/,%&L7D&*0/(.<

D40&%0"+605/2"0.&1#5&*40&%/:&+,'"$%0%&'/(05/&
1##*/-08&"0,.&(0*/%/*/8&/,%&'/(05/&*5/'F3
+,-&%/*/<&D40&1+5.*&)4/.0&4/))0,.&/*&*40&L/*/&
M/,/-0(0,*&!0,*058&(/,/-0%&2:&*40&"0/%&%/*/&
(/,/-0(0,*&*0'4,+'+/,&KLMDN&#5&"#/%058&O4055+&
M+5/,%/<&O40&+,-0.*.&*4/*&%/*/<&Q,&!"#$%"&8&*40&
L7D&*0/(&$.0%&/,&/%%+*+#,/"&.4/50%&.*#5/-0&
%06+'0<

D40&/%%+*+#,/"&.4/50%&.*#5/-0&9/.&/&,09&%03
6+'08&/,%&!"#$%"&&9/.&*40&1+5.*&)5#X0'*&*#&$.0&+*<&
D40&+#%:,0&A5#&L/*/&+.&/&)#9051$"&D4$,%052#"*&
.*#5/-0&.#"$*+#,&*4/*&.$))#5*.&.)00%.&$)&*#&H&
U]E.8&/""#9+,-&+*&*#&)051#5(&/.&/&1/.*8&'0,*5/"&
.*#5/-0&50)#.+*#5:&1#5&/""&*40&1##*/-0&*#&20&+(3
(0%+/*0":&.4/50%&/'5#..&*40&#,3.0*&)+)0"+,0<

^#4/,,/&O/"#&.0560%&/.&*40&%/+"+0.&)5#'0..+,-&
'#"#5+.*&/,%&"0/%&L7D8&/,%&!45+.&T#.0:&9/.&
*40&1#$5*4&(0(205&#1&*40&!+,*0-5/"&*0/(&94#&
.*0))0%&+,&*#&"0,%&/%%+*+#,/"&.$))#5*<&]504(&
/55+60%&/*&*40&.*/-0&#,&.#(0&%/:.&*#&#)05/*0&
15#(&*40&'#((/,%&'0,*05&*#&.0*&$)&/&25+%-0&
20*900,&6/5+#$.&*0/(.t&.#$,%8&6+5*$/"&)5#%$'3
*+#,8&/5*&%0)/5*(0,*8&/,%&.'5+)*&.$)056+.+#,E
0%+*#5+/"<

o7S60&,0605&4/%&.#&($'4&#1&/&100%2/'F&)5#'0..8p&
./+%&]504(8&o94050&:#$&'/,&.4##*&.#(0*4+,-8&

.00&+*8&%#9,"#/%&+*8&)5#'0..&+*8&/,%&$)"#/%&+*&+,&
/&)5#J:&#5&/,&0%+*#5+/"&1#5(/*<&O+($"*/,0#$.":8&
90S50&$)"#/%+,-&*4/*&%+50'*":&*#&H*4&I+,%<p

]504(&/".#&+,.*/""0%&/&.0*&#1&.*50/(+,-&%06+'3
0.8&D05/%0F&!$20.8&94+'4&9#5F&%+50'*":&9+*4&
H*4&I+,%S.&!Q@C&*#&25#/%'/.*&*40&+,1#5(/*+#,&
/,%&*40&'/(05/S.&)05.)0'*+60<&?&100%2/'F&"##)&
90,*&+,*#&*4/*8&/,%&*4+,-.&-#*&'#()"0J&a$+'F":<&
oD4050&/50&/&"#*&#1&(#6+,-&)/5*.<&7*S.&"+F0&/&.)+3
%05&902&#1&.)+%05&902.<p&

oT#9&*#&./10":&50$.0&*40&'/(05/&(0%+/yp&9/.&
/,#*405&$,/%%50..0%&'4/""0,-0&]504(&'4#.0&
*#&0J/(+,0<&7,&/&,#5(/"&1+"((/F+,-&9#5F1"#98&/.&
#1&_j__8&*4050S.&$.$/"":&/&_w3*#3w`34#$5&a$/53
/,*+,0&)05+#%<&D4+.&50.*5+'*+#,&"+(+*.&*40&a$/,3
*+*:&#1&(0%+/&/6/+"/2"0&1#5&*40&'/(05/<&{#$&/50&
,#*&/""#90%&*#&05/.0&/,:*4+,-&$,*+"&100%2/'F&+.&
50'0+60%&*4/*&*40&0%+*#5+/"&4/.&.00,&+*&/,%&*4050&
/50,S*&/,:&+..$0.<

D40&(/+,&)5#2"0(&+,&/,&ZDQE"/2&"+.*&0,6+5#,3
(0,*&+.t&oT#9&%#&90&'40'F&#$5.0"60.y&T#9&
%#&90&605+1:&*4/*&90S60&%#,0&#$5&X#2y&D4/*&90&
4/60,S*&)/..0%&#,&/,:*4+,-&9+*4&+..$0.&+,&*40&
%/*/yp

oD4/*S.&/&2+-&)5#2"0(8p&./+%&]504(<&oD4050S.&/&
50/.#,&90&4/%&c/'4&P+"",058&*40&?PO&.0,+#5&
.#"$*+#,.&/5'4+*0'*8&40")&$.&2$+"%&*4/*8&.#&90&
'#$"%&$)"#/%&/&#,03*#3#,0&#1&94/*&*40&'/(05/&
.00.&9+*4#$*&2$+"%+,-&+,&'#55$)*+#,<p

D40&%/*/&9/.&.)"+*&+,*#&($"*+)"0&.*50/(.8&94+'4&
+.&'/""0%&)/5/""0"+>+,-&+,1#5(/*+#,<&7,.*0/%&#1&X$.*&
-#+,-&$)&#,0&)+)08&94+'4&'/,&#,":&-#&.#&1/.*8&
+1&:#$&'#(2+,0&bj&J&bj&U2C&+,%+6+%$/"&)+)0.8&/""&
*40&%/*/&'/,&-#&*45#$-4&*4/*&.:,'&)5#'0..&9+*4&
*40&'"#$%&/,%&50)"+'/*0&'#550'*":<&

Q,&*40&L/Y+,'+&@0.#"60&*0/(8&?..+.*/,*&C%+*#5&
O4/9,&!/5".#,&9/.&*4050&*#&./:8&o7&50'0+60%&
+*<p&Q58&#,&#''/.+#,8&40S%&./:8&oP0&50'0+60%&
15/(0.&#,0&*#&bj8jjj8&2$*&90&%#,S*&4/60&bj8jjb&
*#&bj8wjw<p&7,&*4+.&'/.08&*40&L7D&*0/(&9#$"%&4+*&
.:,'&/-/+,<&D40&'"#$%&4/.&*#&.:,'&*#&94/*&:#$&
4/60&"#'/"":<&D4/*&1+5.*&'#):&9/.&/&2+-&)/5*&#1&*40&
)5#'0..&]504(&9/,*0%&*#&/'4+060<

]504(&'#""/2#5/*0%&9+*4&A#.*3A5#%$'*+#,&O$3
)056+.#5&^/(0.&]"06+,.8&.$))#5*0%&2:&CD!&/,%&
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?PO8&*#&/$*40,*+'/*0t&oT#9&%#&:#$&'50/*0&*4/*&
605+1+'/*+#,&)5#'0..&.#&*4/*&#$5&0%+*#5&'/,&./:&
*40:&50'0+60%&+*&/,%&+*S.&+,&*40&'"#$%y&7*S.&200,&
50)"+'/*0%&(/,:&*+(0.<p&Q,'0&*4+.&9/.&)#..+2"08&
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%060"#)0%&.#(0&.'5+)*.&o*#&/""#9&$.&*#&%#&*4/*<p&
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6+.$/"&0;0'*.<&oD4/*S.&*40&1+5.*&'#):&#,&*40&%/*/&
(/,/-0(0,*&.*/*+#,8p&]504(&0J)"/+,0%<

M#50&%/*/&-0*.&'50/*0%&+,.+%0&#1&@0.#"60<&
7,+*+/"":8&*4050S.&%/*/&(/,/-0(0,*<&D40,&+*S.&
%/+"+0.<&D4/*S.&*40&1+5.*&@0.#"60&%/*/2/.0&#5+-+3
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)5#'0..0.&+,6#"60%&9+*4&*40&+()"0(0,*/*+#,&
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