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"! !"#$%&#%$'(%'&)*+&"&#'%,+'&'('+-.&
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"! 0(1'+#/"(1&4"7'+&"(1&'('+-.&$(&/6'&
,($3'+#'&

!!+!"#$%&'(%&)'*+$,&-.+/'0+&1-/$%23$'))&
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!!6/'#(&07+&(+80&9+(+/'4-(&-*&)3#+(4)0)&'(%&
+(9#(++/)&&
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?@ABBB&")+/)&.+/&,+'/C&
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•! MNQRQ&@452*.''#&
•! SOT&A*$(/&)"%,2/.&
•! RUV&L*#/1*%/*+"2&+'#'"+%6'+#&
•! MSJ&B+"1,"/'&#/,1'(/#&
•! VUR&0(1'+-+"1,"/'#&
•! JNQSW&<"%$2$/.&,#'+#&
•! VNOVS&X$#$>(-&#%$'(>#/#&"(1&'(-$(''+#&
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Founded on the UC Berkeley campus in 
1931, moved to the current site in 1940 
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Lawrence Introduces Big Team Science in 1931 
LBNL: The First DOE National Laboratory 
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!9+#;..;")+;.+&"+'00-*-/'&-+.0;-)(?0+=;.0":-/4+

&1/"%<1+'=:')0-=+0"#$%()<+')=+#'&1-#'(0.+

!! B1/"%<1+'=:')0-=+/-.-'/01+C+>'0;*;(-.+7-+'/-+'+*-'=-/+;)+=-*;:-/;)<+.0;-)(?0+

"%&$%&+>/"#+0"#$%()<++

+

!! D-4+;);('(:-.E+
"! @^"#%"2'&?*45,>(-[&D>./-E+&+(+/9,&+F3#+(3,&-*&3->."0'4-('$&)3#+(3+G&&

>-/+&)3#+(3+&.+/&H'I&
"! _"/"&'("`2'1&#%$'(%'[&D>./-E+&#()#970&*/->&+8.+/#>+(0'$A&-<)+/E'4-('$&'(%&

)#>"$'0+%&%'0'&
"! ='D&?*45,/">*("2&:%$'(%'[&!/#(9&'%E'(3+%&>'07+>'43)&'(%&3->."4(9&0-&(+1&

)3#+(3+&./-<$+>)&

Advanced 
Mathematics 

Computer 
Science 

NERSC & 
Esnet 

Computational 
Science 

US$126M in 2010 
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F$$*;-=+G'&1-#'(0.+;.+3-4+&"+)-7+.0;-)0-+')=+

-)<;)--/;)<+;))":'(").+

!! 8-7+#'&1-#'(0'*+#"=-*.+0-&#>./-E+&3->."0'4-('$&)3#+(3+&
07/-"97."0&

!! F/01;&-0&%/-H'7'/-+'*<"/;&1#.+0-&+8.$-#0&07+&37'(9#(9&3->."4(9&
7'/%1'/+&$'(%)3'.+&

!! F)'*4.;.+#-&1"=.+>"/+*'/<-+='&'&0-&)"..-/0)&%#)3-E+/,&)3#+(3+&'0&
07+&>'J-/&KLM&)3#+(3+&*'3#$#4+)+

!! G%*(H>'0-&-=+#'&1-#'(0.+</#(9)&0-9+07+/&>"$4.$+&>'07&'(%&
)3#+(3+&%->'#()&0-&)-$E+&3->.$+8&>"$42)3'$+&>"$42.7,)#3)&./-<$+>)+

!! I)0-/&';)&4+J%')(?0'(")+#-&1"=.+./-E#%+&/#9-/-")&3-(5%+(3+&
$+E+$)&")#(9&)#>"$'4-(&'(%&+8.+/#>+(0'$&%'0'+

Low Mach number 
approximation  

Adaptive Mesh 
Refinement 

Communication-Avoiding 
Algorithms 

Level Set and Fast 
Marching Methods 

Higher-Order 
Discontinuous 
Galerkin methods 
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9&'&-H">H'/&+!"#$%&-/+90;-)0-+,CK+&"+

'=:')0-+.0;-)(?0+=;.0":-/4+

!! F=:')0-+0"#$%()<+&-01)"*"<4E+K+E+$-.&+(+/9,&+F3#+(0&'/37#0+30"/+)A&
./-9/'>>#(9&>-%+$)&'(%&),)0+>)&)-N1'/+&*-/&+8')3'$+&3->."4(9&

!! F==/-..+&1-+='&'+-L$*"/'(")+01'**-)<-E+K+)#9(&'$9-/#07>)&'(%&)-N1'/+&
*-/&%'0'&'('$,)#)&'(%&+8.$-/'4-(&0--$)&*-/&7"9+&%'0'&)+0)&

!! G')'<-+0"#$*-L+7"/3M"7.E+K+)#9(&)-N1'/+&'(%&1-/:O-1&>'('9+>+(0&
*-/&./+%#34E+&)#>"$'4-(&#(&)+3"/+A&%#)0/#<"0+%&+(E#/-(>+(0)&

!! 2%;*=+#'&1-#'(0'*+;)>/'.&/%0&%/-E+!"#$%&>'07+>'43'$&$#</'/#+)&0-&
+(3'.)"$'0+&'$9-/#07>)&'(%&>+07-%)&*-/&)3#+(453&./-%"34E#0,&

!! N/":;=-+.&'&-H">H'/&+)-&7"/3;)<+>"/+.0;-)0-E+P('$,Q+&0+37(-$-9#+)&*-/&
0+/'<#0&1#%+2'/+'&(+01-/:)&

&

x: 1 
y:  

l:  l:  l:  

g:  g:  g:  

x: 5 
y:  

x: 7 
y: 0 

RAMP and CoDEx for 
hardware design 

PGAS  
languages 

SuperLU , Chombo, 
LAPACK 
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4 
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1/16 1 2 4 8 16 32 1/8 
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1/32 

single-precision peak 

double-precision peak 

RTM/wave eqn. 

NVIDIA C2050 (Fermi) 

DP add-only 

SpMV 

7pt Stencil 

27pt Stencil 

DGEMM 

GTC/chargei 

GTC/pushi 

Performance 
autotuning 

VisIt visualization  FastBit data 
algorithm 
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!,K+;.+-L$')=;)<+&1-+/-'01+">+0"#$%&'(")'*+

.0;-)0-+&1/"%<1+;))":'(:-+/-.-'/01++

In addition to basic math and CS, 
CRD directly engages in 

computational science research 

Nano systems 

Biological systems 6+739<:+-&8*+0/<</<&

Astrophysics 
simulation 

global climate 

energy technology   

cosmology 
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8O,9!+$/":;=-.+PN!+94.&-#.+>"/+90;-)0-+

•!R-/+&")+/)&STBBBU&07'(&'(,&-07+/&
KLM&V3#+(3+&*'3#$#0,&
•!LE+/&WA@BB&."<$#3'4-()&.+/&,+'/&
•!!/-'%&)3#+(453&3-E+/'9+&

•!V,)0+>)&X-.4>#Q+%Y&*-/&$'/9+&
)3#+(3+&3->>"(#0,A&(-0&.+':&
.+/*-/>'(3+&

•!R-E+&07+&")+/)&1#07&0+37(-$-9,&
37'(9+)&

•!V3#+(3+&#)&%-(+&'3/-))&)3'$+)&
V]SW&L'/"a*5b#&c*55'+&:.#/'4&M&;d"7#&
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!"#$%()<+!'$'6;*;&4+'&+8O,9!+

1.E+06 

1.E+07 

1.E+08 

1.E+09 

1.E+10 

1.E+11 

1.E+12 

1.E+13 

1.E+14 

1.E+15 

1.E+16 

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 

NERSC Major Systems (Flops/sec) 

1 Proc CDC 6600 

Hopper: 150K Proc Cray XE6 

Franklin: 40K Proc Cray XT4 

400M x 
capability 
increase 

Expected Exaflop/s 
system in 2020 
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OQ-0(:-+PN!+$-/>"/#')0-+'.+#%01+=%-+&"+#"=-*.+

')=+'*<"/;&1#.+'.+&"+1'/=7'/-+'=:')0-.+

David Keyes!
SCaLeS report v. 2"

20 yrs 

More effective 
models 

Improved 
algorithms 

Hardware  
advances 
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B*"-<C+*7$-5&=+,&,/&0+7891/D&R.#'/&S+#'&1T+

)%#-/;0.T+PN!+<;:-+%)$/-0-=-)&-=+0'$'6;*;&4+

!! ;-1&R'37&("><+/&*-/>"$'4-(&
"! M8.$-#0&>'07+>'43'$&)0/"30"/+&-*&07+&./-<$+>&0-&9#E+&

>-/+&+F3#+(0&>+07-%)&

!! P%E'(3+%&(">+/#3'$&>+07-%-$-9,&&
"! Z/-J+34-(&>+07-%-$-9,&
"! P%'.4E+&>+)7&/+5(+>+(0[&/+)-$"4-(&17+/+&#0)&

(++%+%&

!! V-N1'/+&*/'>+1-/:&*-/&.'/'$$+$&#>.$+>+(0'4-(&
"! LE+/&WBB8&#(3/+')+&#(&07/-"97."0&&

!! V3#+(3+&'(%&0+37(-$-9,&#>.'30&
"! V#>"$'4-(&'0&./+E#-")$,&#('33+))#<$+&)3'$+)&
"! \+1&"(%+/)0'(%#(9&-*&&%/6%*-)&+0"#6%.(")+*-/&(+1&

3-><")4-(&%+E#3+)&'(%&./-3+))+)&
"! ](%+/)0'(%#(9&07+&3-(%#4-()&'0&B4$-+U'+.%$-/)":'+

;<);(")+

Numerical simulation emissions in a 
low swirl burner fueled by hydrogen 

MAESTRO simulation near ignition 
showing flow from center of star and 
region of high energy generation 
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3D vorticity rendering: inert thermal 

PN!+0')+:'*;='&-+/-=%0-=H"/=-/+#"=-*.+>"/+

#%*(H.0'*-+$14.;0.+.;#%*'(").+

!!!,*."(/&3*+/'^&+$(-&Fe/6'+4"2fG[&&D(&'&6,.+&D'&
)".+/(-E'&'&3'/<-(&*")#-(&O'>+&#9(#0+)&(+'/&
3+(0+/A&3/+'4(9&'&)>'$$&<"<<$+&-*&7-0A&<"-,'(0&
')7&)"//-"(%+%&<,&*"+$^&V7++/&*-/3+)&9+(+/'0+&
0"/<"$+(3+&%"/#(9&/#)+A&+(0/'#(#(9&*"+$&'(%&
#(3/+')#(9&<"-,'(3,^&&
&
!!ZD=)&>-%#5+%&R-/0-(26',$-/26"/(+/&SW_@`U&
07+-/,&0-&#(3$"%+&("3$+'/&<"/(#(9A&'))">+&*"+$&
+8#)0)&#(&01-&)0'0+)&S#()#%+&a&-"0)#%+&07+&<"<<$+U&
'(%&07'0&#0&<"/()&#()0'(0'(+-")$,^&&

!!b'$#%'0+%&<+7'E#-/&1#$$&<+&#(3$"%+%&#(0-&)"<2
9/#%&>-%+$)&*-/&./-.'9'4-(&-*&+8.'(%#(9&
<"<<$+)&#(&*"$$2)0'/&)".+/(-E'&3'$3"$'4-()&22&
*/6'+D$#'&$45*##$`2'&"#&$($>"2&56'(*4'("&$#&
#,`K4'/'+&#$g'&$(&"&VWQQ&E4&D6$/'&1D"+)&

Collaboration with LLNL: A. Aspden & J. Bell (LBNL), R. Hoffman (LLNL)"
Code: MAESTRO            Run time: ~100,000 CPU hrs (each) on ATLAS!
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Bubble radius(z(t)) Bubble height(t) 
Comparison to theory agrees with remarkable accuracy,  

allowing inclusion of behavior in sub-grid model for full-star calculations 
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V0-+.1--&+=4)'#;0.+.;#%*'(").+0/;(0'*+&"+

%)=-/.&')=;)<+0*;#'&-+;#$'0&+")+.-'+*-:-*+&

!!c"//+(0&>-%+$)&#('%+d"'0+&0-&3'.0"/+&
#(0+/'34-(&<+01++(&1'/>#(9&-3+'(&
'(%&P(0'/343&#3+&)7++0&&
"! e+)"$0)&#(&#(3-//+30&+)4>'0+)&-*&)+'&

$+E+$&/#)+&
&
!!;!\;&!DVDc;MV&#3+&)7++0&>-%+$&")+)&

PRe&0-&/+)-$E+&+))+(4'$&5(+&)3'$+)&'0&
#3+2-3+'(&#(0+/*'3+^&&&
"! K,('>#3)&%->#('0+%&<,&(++%&*-/&)"<2:>&

/+)-$"4-(&'0&*/-(0)&
"! ;+E+/'9+)&]V&KLM&#(E+)0>+(0)&#(&c7-><-&

PRe2ZKM&#(*/')0/"30"/+&

!!c-$$'<-/'4-(&'>-(9&
!DVDc;MV&'(%&KLMf!Me2).-()-/+%&
DRZPc6VA&cLVDR&1#$$&3-".$+&&
#3+&)7++0&'(%&-3+'(&>-%+$)&

 
16 

E-1"*0:0&$0/&<8//%&F2/GHD&
E>;&/-"32/<&<93IA&J7&
*/<+29:+-&F32"0J.&"3+#/H&
F0#$(-&=@H:?h#&c*55'+)   

 )KLK6'ML&N$-/&K<2"-%&O2"0$/*&<$792":+-&P&7/<=&*/<+29:+-&
0*90$"2&C+*&5*+9-%$-5&2$-/&3/="#$+*(&

M-="-0/%&NQN&+0/"-&7+%/2&<+29:+-&C+*&
0+982$-5&1+&$0/&F'ER'H& Dan Martin, Esmond Ng 
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K;.0":-/4+">+)-7+G'&-/;'*.+&1/"%<1+PN!+

G"=-*;)<+C+9;#%*'(")+

!! 8-7+#'&1+>"/#%*'(").+')=+>'.&T+/-*;'6*-+

'*<"/;&1#.+>"/+-*-0&/");0+.&/%0&%/-+

0'*0%*'(").+Sc7'-&g'(9U&
!! 5'/<-+90'*-+W;/.&+N/;)0;$*-.+O*-0&/");0+

9&/%0&%/-+!'*0%*'(").+&"+%)=-/.&')=+

#'&-/;'*.+$/"$-/(-.+SP(%/+1&c'((#(9U&
!! h#97&07/-"97."0&'../-'37+)&0-&%#)3-E+/&(+1&

)3#(4$$'0-/&9'>>'&/',&%+0+30-/)&
!! *2+$+30/-(&)-N&i2/',&).+30/-)3-.,&)#>"$'4-(A&

07+-/,A&'(%&+8.+/#>+(0&*-/&3$+'(&+(+/9,&
>'0+/#'$)&

!! ;'/9+&)3'$+&+#9+(E'$"+&3'$3"$'4-()&#(&07+&
)0"%,&-*&+$+30/-(&+83#0'4-(&*-/&.7-0-E-$0'#3&
>'0+/#'$)+

!! P;<1H&1/"%<1$%&+')'*4.;.+">+#'&-/;'*.+

SR'3#+J&h'/'(3Q,:U&
!! D%+(4*,&-.4>'$&>'0+/#'$)&*-/&'..$#3'4-()&&

c'/<-(&('(-0"<+G&V+$+30+%&#(E+/)#-(&>+07-%&)7-1)&
$#(+'/&)3'$#(9&*-/&$'/9+&("><+/)&-*&'0->)&

\+1&!/#970&V3#(4$$'0-/&!'?c)D@GM"&

&9*%"2$g">*(&*)&'^%$/'1&#/"/'&F-+".G&*(&
/6'&@,&"/*4&F5$(EG&$#&*('&*)&/6'&
('%'##"+.&/6'*+'>%"2&%*(1$>*(#&)*+&
-"44"&1'/'%>*(&

Z-/-")&>'0+/#'$&SjP]&Q+-$#0+U&
&
X*+*(*$&/'##'2">*(&$#&,#'1&/*&I(1&
3*$1&#5"%'&$(&4*2'%,2'#&2'"1$(-&/*&
$(/'+'#>(-&4"/'+$"2&5+*5'+>'#&
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!"#6;)'&"/;'*+F*<"/;&1#.+'/-+%.-=+&"+

')'*4A-+&1-+O*-0&/;0+N"7-/+X/;=+

!! e+)+'/37&%+E+$-.)&L.4>#Q'4-(&'(%&
c-><#('0-/#'$&0+37(#d"+)&
"! K+0+30&.-1+/29/#%&E"$(+/'<#$#4+)&
"! P('$,Q+&3')3'%#(9&-"0'9+)&
"! Z+/*-/>&/+)-"/3+&'$$-3'4-(&'3/-))&

>"$4.$+&$-3'4-()&'(%&4>+)&

!! c-><#('0-/#'$f9/'.7&'$9-/#07>)&
#%+(4*,&3/#43'$&$#(+&*'#$"/+&)3+('/#-)&

!! D%+(4*,&'(%&/'(:&-.4>'$&%+0-"/)&*-/&
/+/-"4(9&.-1+/&%"/#(9&>"$4.$+&$#(+&
*'#$"/+)&0-&*'3#$#0'0+&%+3#)#-(&>':+/)&
#(E-$E#(9&>'(,&c-(0/-$&P/+'&
L.+/'0-/)&

Aydin Buluç, LBNL 
Juan Meza, UCM 
Ali Pinar, SNL 
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Impact Problem  

W'.&2;&+1-*$.+.0;-)(.&.+J%;03*4+?)=+$'Y-/).+

;)+*'/<-+='&'.-&.+%$+&"+UZZL+>'.&-/+

"! MF3#+(0$,&5(%&).'4'$&*+'0"/+)&)"37&')&#9(#4-(&
:+/(+$)&#(&3-><")4-(&'(%&7"//#3'(+)&#(&3$#>'0+&
>-%+$#(9&

"! Z+/*-/>&#(2)#0"&#(%+8&9+(+/'4-(&-(&7,</#%&7'/%1'/+&
0-&'37#+E+&-/%+/)&-*&>'9(#0"%+&).++%&".&-(&
)+'/37+)&*-/&/+9#-()&

"! P..$,&#(%+8#(9&>+07-%)&0-&'33+$+/'0+&)3#+(453&%'0'&
'('$,)#)&

"! M80+(%&)+'/37#(9&3'.'<#$#0,&0-&5(%&).'4'$$,&3-7+/+(0&
/+9#-()&#(&'%%#4-(&0-&5(%#(9&#(%#E#%"'$&%'0'&/+3-/%)&

"! W'.&2;&+;.+'+6;&#'$+.-'/01+&-01)"*"<4T+1-*$.+%.-/.+&"+J%;03*4+

?)=+$'Y-/).+">+;)&-/-.&+;)+*'/<-+='&'.-&.+%$+&"+UZHUZZ+(#-.+

>'.&-/+&1')+"&1-/+#-&1"=.[++,-0-;:-=+\ZZ]+,CK+UZZ+F7'/=[+

"! W'.&2;&+;)=-L;)<+;.+0'$'6*-+">+.-'/01;)<+>"/+/-<;").+">+;)&-/-.&+

=-?)-=+")+0'/&-.;')T+FG,T+')=+&"/";='*+#-.1-.[++

"! OL'#$*-E+9$--=+%$+.-'/01-.+>"/+/-<;").+")+&"/";='*+#-.1-.+64+

)-'/*4+UZZZ^+")+'+.-&+">+='&'+>/"#+XB!+

"! !1'**-)<-E+=-.;<)+'+$'/'**-*+:-/.;")+">+W'.&2;&+&1'&+.0'*-.+

*;)-'/*4+>"/+;)H.;&%+$/"0-..;)<+")+146/;=+1'/=7'/-T+#;);#;A;)<+

='&'+#":-#-)&+_')=+-)-/<4`[+

Progress and future challenges B;#-+_#.`+ 9$--=%$+

c--/%#('0+)& >'9(+43& c'/0+)#'(&

k"+/,&V+0&D& T@^`& TTB`B& abb+

k"+/,&V+0&DD& l?^B& W_BW`& cda+
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US DOE has Unique Challenges for Data 
Intensive Science from their Facilities 

!! Petabyte data sets today, many growing exponentially 
!! Processing grows super-linearly 
!! Exascale program addresses some data challenges from 

modeling and simulation, e.g., in-situ analysis, 
uncertainty quantification 

!! Experimental facility data challenges are unique 

20 

Astronomy 

Particle 
Physics 

Chemistry 
and Materials Genomics 

Fusion 
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Data from Light Sources growing 
faster than Moore’s law 

Next Generation Light Source 
2025:  Orientation reconstruction 
alone requires an exaflop/s 
system for pulse rate of 105 
images/second 

unfolding ADK molecule – MD calc. 
(manifold mapping algorithm simulation) 

conformation 

or
ie

nt
at

io
n 

orientation 

•! Data rates to grow 10,000x in next 10 years 
•! Fundamental challenges in algorithms for data processing 
•! Filtering likely required near/on the detectors 
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K'&'+;.+)"7+&1-+6;<+01'**-)<-+;)+2;"*"<4+

!! m-#(0&n+(->+&D()40"0+&-"0."0&1#$$&
#(3/+')+&WBBB8&-E+/&07+&(+80&WB&,+'/)&
"! c-)0&-*&3->."0'4-(&'(%&'('$,)#)&1#$$&

%->#('0+&

!! P"0->'0+%&.#.+$#(+)&/+d"#/+%&
"! c7'$$+(9+)&#(&'$9-/#07>)&S3"//+(0$,&LS(?U&

'((-0'4-(UA&&
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Cost per Mb of DNA 
Sequence vs. Moore's Law 

Cost per Mb Moore's Law 

•! Complexity of data will also increase 
–! Metagenomics to study the response of bacterial 

communities to natural and experimental changes 
–! Gene expression data, collected across different 

environmental conditions, cell-types, etc. across multiple 
genomes 
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B1-+G'&1+W"%)=/4+'00-*-/'&-.+&1-+;)&-/$*'4+

6-&7--)+#'&1+'=:')0-.+')=+.0;-)(?0+=;.0":-/4+

!! D%+(4*,&&(+1&'/+')&#(&)3#+(3+&'(%&+(9#(++/#(9&
17+/+&>'07+>'43)&'(%&3->."0'4-(&3'(&
>':+&'&>'J-/&#>.'30G&
"! ?*45,/">*("2&;"/'+$"2#&"(1&?6'4$#/+.&
"! C4"-$(-&"(1&H'%*(#/+,%>*(&$(&!'"4&:%$'(%'&
"! !$*2*-$%"2&4*1'2$(-&

!! ;+E+/'9+&)#9(#53'(0&'$9-/#07>#3&+8.+/4)+&'0&
07+&;'<&'(%&c'>.")&
"! 81"5>3'&4'#6&+'I('4'(/&!&;,2>56.#$%#&
"! :/">#>%#&!&9"+-'&1"/"`"#'#&
"! ?*45,/">*("2&a,$1#N&'2"#>%$/.N&4'%6"($%#&
"! ;*3$(-&$(/'+)"%'#&

!! R'('9+>+(0&V0/"30"/+&
"! _$+'%/*+&FA"4'#&:'/6$"(G&Q]W&<P@&
"! 8+'"&9'"1'+#&Q]W&<P@&'"%6&
"! L_#N&BH8&5"+>"2&#,55*+/&
"! Z(K%"22&4"/6&#/"i&),(1'1&/6+*,-6&5"+/('+#6$5#&

!! H+&+(E#)#-(&'&oTRf,+'/&c+(0+/&<,&?BWT&
"! o@pBq&&jg&?BW?2WT&;KeK&D(E+)0>+(0&&
"! o?2lR&&jg&?BWl2?BWp&M8.+30+%&PVce&R"$42

*'3+0+%&>'07&3+(0+/&jLP&&&
"! o@BBq&&jg&?BWT2?BW`&\Vj&*"(%#(9&*-/&neP)A&ZK)&
"! ;+E+/'9+&-07+/&Vc&)3#+(3+&3'$$)&

Team 
mathematicians 
with scientists 
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,"6%.&+."e7'/-+&""*.+'/-+-..-)('*+>"/+#"=-/)+

.0;-)(?0+=;.0":-/4+

!! V-N1'/+&M(9#(++/#(9G&
"! V,)0+>'43A&%#)3#.$#(+%A&d"'(45'<$+&'../-'37&0-&%+E+$-.>+(0A&

-.+/'4-(A&'(%&>'#(0+('(3+&-*&)-N1'/+&
"! Z/-E#%+)&)3'$'<$+A&/+$#'<$+A&>'#(0'#('<$+&)-N1'/+&
"! !')+%&-(&X<+)0&./'343+)Y&'(%&)0'(%'/%)&0-&#>./-E+&#(0+/2

-.+/'<#$#0,&'(%&$-(920+/>&>'#(0'#('<#$#0,&
!! ceK&7')&'&0/'3:&/+3-/%&-*&%+$#E+/#(9&+r+34E+&)-N1'/+&

)-$"4-()&*-/&KLM&)3#+(3+&
"! P6;PVG&;!\;&$+'%)&3-/+&)-N1'/+&.$'s-/>&*-/&;hc&'0&cMe\&
"! K','&!',G&P('$,)#)&0--$)&*-/&'(42(+"0/#(-&+8.+/#>+(0&
"! ccVDG&D(0+9/'4-(&*/'>+1-/:A&&

%'0'&>'('9+>+(0&*-/&3'/<-(&3'.0"/+&#(#4'4E+&
"! PVcMRG&K'0'&</-1)#(9A&5$0+/#(9&'(%&%-1($-'%&*-/&+(E#/-(>+(0'$&

)#0+&3$+'(".&&
"! R'0+/#'$)&Z/-J+30G&&K'0'<')+&'(%&)0'4)43'$&%'0'&&

>#(#(9&0--$)&
&
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LBNL architected software for Daya Bay 
anti-neutrino “mixing” experiment 

!! Anti-neutrino disappearance 
experiment at nuclear power 
plant in Daya Bay, China. 

!! Craig Tull, CRD, Leader of US 
computing 

!! Physics Division & CRD 
experience combined with 
NERSC & ESNet facilities lead 
to rapid, high-quality science. 

!! All data are processed in real 
time and immediately available 
to US scientists. 

!! Antineutrinos seen in analysis 
within 24 hours. 

!! First results within record-
breaking 75 days after 
beginning of 3-hall data taking 
(Mar. 8, 2012) 

sin22!13 = 0.092 ± 0.016 (stat) ± 0.005 (syst) 
sin22!13 = 0 excluded at 5.2  

Observed/Expected=1.0 

6% deficit 

Anti-neutrino Mixing!



http://crd.lbl.gov 

Visit us on the web: 
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B1')3H4"%+
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+\U.&+!-)&%/4+F.&/"$14.;0.+;.+='&'H=/;:-)T+

/-J%;/-.+PN!+

!! \+1&0+37(-$-9#+)&0-&>++0&
3-)>-$-9#3'$&%'0'&'('$,)#)&37'$$+(9+)&
07/-"97&4970&3-$$'<-/'4-(&<+01++(&
')0/-.7,)#3#)0)&'(%&3->."0'4-('$&
)3#+(4)0)&

!! P('$,)#)&a&)#>"$'4-(&-*&WBB)&-*&
6+/'!,0+)&-*&%'0'&*/->&9/-"(%2&'(%&
).'3+2<')+%&-<)+/E'4-()&

!! R-%+$#(9&a&)#>"$'4-(&-*&)".+/(-E'+&
'(%&$'/9+2)3'$+&)0/"30"/+&*-/>'4-(&

!! V3#+(3+&'/+')G&&
"! =,%2'"+&"(1&"/*4$%&56.#$%#&
"! _'/'%/*+&#$4,2">*(#&
"! B'('+"2&+'2">3$/.&
"! H"1$">*(&P+"(#5*+/&
 

 

Radiation transport spectrum 
synthesis simulation (red) of a 
time series of supernova data 
(black) 

Large Scale Structure 
simulations of cluster formation 
in the early universe 

Hydro simulation of a flame 
front in a thermonuclear 
supernova explosion 

Palomar Transient Factory  
data-analysis sky-coverage  
map for the first 3 years of the project 

Planck 1st year data analysis 
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K@O+5-'=-/.1;$+!*'..+W'0;*;(-.+*""3+&"+&1-+>%&%/-+

">+PN!+>"/+6/-'3&1/"%<1+.0;-)(?0+=;.0":-/4+

!! D(0/+.#%&SD!R&!nfZU&
!! V"/E+,-/&SD!R&!nfZU&

!! m'9"'/&Sc/',&i62@fi62TU&
"! &S]M&L<&L'"E&

Argonne Leadership Class Facility 

Medicine  
Molecular modeling of 
Parkinson's disease.  
Research findings at 
the ALCF offer insight 
into the disease 

Oak Ridge Leadership Class Facility 

Turbulence 
Understanding the statistical 
geometry of turbulent 
dispersion of pollutants in the 
environment.  
 

Nuclear Energy 
High-fidelity predictive 
simulation tools for the 
design of next-generation 
nuclear reactors to safely 
increase operating 
margins. 

Biofuels 
A comprehensive simulation 
model of lignocellulosic 
biomass to understand the 
bottleneck to sustainable 
and economical ethanol 
production. 

Energy Storage 
Understanding the storage 
and flow of energy in next-
generation nanostructured 
carbon tube supercapacitors 
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!"#6;);)<+&1-"/4T+-L$-/;#-)&.+')=+.;#%*'(")+

*-'=.+&"+)-7+.0;-)(?0+;).;<1&.+

!! @^"452'[&;-1&V1#/$&!"/(+/)&")+%&<,&V-$'/&6"/<#(+)&Sc'0+/.#$$'/U&'(%&
R'8-(&c-/.^&Sh-(+,1+$$U&0-&#>./-E+&3->>+/3#'$&<"/(+/)&
"! MF3#+(0A&$-12+>#))#-()A&j"+$2O+8#<$+&S-#$A&9')A&7,%/-9+(2/#37&*"+$)U&

!! V#>"$'4-()&+8.$'#(&3-><")4-(&./-3+))&/+)"$4(9&#(&#>./-E+%&%+)#9()&
"! R-%+$+%&:#(+43)&'(%&37+>#3'$&0/'().-/0&SW@&).+3#+)A&@t&/+'34-()U&&
"! ])+)&'%E'(3+%&>'07&'$9-/#07>)&SPReU&+d"#E'$+(0&0-&Tql&>+)7&
"! V3'$+)&'(%&/"()&#(&./-%"34-(&'0&?Bq&3-/+)&

Simulations reveal 
features not visible in lab 

(John Bell, PI, LBNL) 

Experiments show 
feasibility: 50KW-50MW 

(Robert Cheng, PI, 
LBNL)  

Low NOx technology 
licensed by industry 

Simulations show cellular 
burning in lean hydrogen leads 

to pockets of enhanced 
emissions, & increasing the 

turbulence enhances the effect.   
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Next-generation stationary 
turbines may benefit from 
low swirl injectors: 
•!Simulation of NOx formation in a 
low swirl injector  using a low Mach 
number formulation combined with 
AMR. 
•! Resolve internal flame structure in 
a laboratory-scale simulation 

P;<1H?=-*;&4+.;#%*'(").+3-4+&"+%)=-/.&')=++

>%-*HM-L;6*-+*"7H-#;..;")+0"#6%.(")+

!! Features of next generation combustion systems:!
"! Low emissions, high pressure#
"! Able to burn a variety of fuels (“fuel-flexible”)#
"! Operate in fundamentally different combustion regimes#

!! High-fidelity computational tools required to design these 
systems!
"! Leverage multiscale formulation, exploiting low Mach number 

mathematical structure#
"! Use advanced numerical methodology (AMR+high-order 

methods)#
"! Formulation + advanced numerics results in > 200x speedup 

over traditional non-multiscale approaches#

!! c.`+$1&5+*-+"44$(-&4*1'2N&"(>%$5">(-&4"(.%*+'&6"+1D"+'&&
"! c-'/)+29/'#(+%&.'/'$$+$#Q'4-(&1#07&RZD&
"! j#(+29/'#(+%&.'/'$$+$#Q'4-(&1#07&07/+'%)&
"! V3'$+)&0-&@Bq&3-/+)&-(&m'9"'/.*&
"! h'E+&#%+(45+%&./->#)#(9&/+%"3+%&3->>"(#3'4-(&'../-'37+)&*-/&

+$$#.43&+d"'4-()&0-&+80+(%&0-&WBB)&-*&3-/+)&.+/&./-3+))-/&

Multiscale formulation + advanced numerics + multicore algorithms = 
unprecedented ability to simulate high pressure flames 


