
!"#$%#&'(%)*+,-./0(
1.(#++&2%#-).(+'3$+'%-4'(

5.6'&(789(:),.;6#<&'(
!"#$%#&'(8#.'&(
=#>(?@A(?BCC(

(
9,3-$(D#.$$'.(

E#.;2#(F#-).#&(G#<)3#6)32'$(
G24'3*)3'A(91(

%&H#.$$I$#.;2#J/)4(
(

9K'*2$63>(9).632<,-).$0(:)<'36(7#332$).('6(#&J(
9)*<,$-).(9).632<,-).$0(D#%L2'(9K'.('6(#&J(

(
 

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,!
for the United States Department of Energy"s National Nuclear Security Administration!

 under contract DE-AC04-94AL85000.#

SAND2011-3571C



9)M;'$2/.(2$(#($63#6'/>(6)(;'&24'3(
'"#$%#&'(K#3;N#3'O$)PN#3'(

•$ !"#$%#&'(N2&&(.)6(<'(<,$2.'$$(#$(,$,#&(
–$ 1++&2%#-).$(N2&&(K#4'(6)(%K#./'0(

•$ Q2&&2).$()R(6K3'#;$A(R#,&6$A('.'3/>(6)($)&,-).A(#.;(-*'(6)(
$)&,-).(#3'(#&&(%32-%#&(2$$,'$(

–$ G)N'3(K#3;N#3'(;'$2/.(*#3/2.$(
•$ 83)42;'(NK#6(6K'(#++&2%#-).(.'';$(<,6(.)(*)3'(

•$ 1.(2.6'/3#6';(!"#$%#&!'%()*!$+,-''S)36(2$(.'';';(
–$ 1&&)N('4#&,#-).()R(%)$6M<'.'T6(63#;'M)S(2.(#(%),+&';(
K#3;N#3'(#.;($)PN#3'(;'4'&)+*'.6(+3)%'$$(

•$ UV!O1E9:(2$('$6#<&2$K2./(;)*#2.M$+'%2T%(#3'#$(R)3(
'"#$%#&'(;'4'&)+*'.6(
–$ 9K'*2$63>A(*#/.'-%(R,$2).A(K2/K('.'3/>(;'.$26>(+K>$2%$A(
*#6'32#&$A(%&2*#6'A(.,%&'#3('.'3/>A(%)*<,$-).(

•$ E2*2&#3(#%-42-'$(2.(FFE1O1E9J(
(

=#>(CCMCWA(?BCC( 9,3-$(D#.$$'.(X(95E( ?(



9K'*2$63>(%)M;'$2/.(;324'3$(YCZ(
•$ 9K'*2$63>(K#$(,.2[,'(%)M;'$2/.(2$$,'$0(9!99(2$(6K'().&>(6'#*(2.(6K2$($+#%''

–$ \'(Y*)$6&>Z(;).]6(,$'(/32;$(X(#6)*M%'.6'3';(R,.%-).$(YWUZA(./!0)!12(Y^UZA(#.;()6K'3(Y.UZ(
–$ \'(Y*)$6&>Z(;).]6(,$'(=85(X(_&)<#&(133#>$(#.;($2*2&#3(*);'&$(;)*2.#6'($%#&#<&'(%);'$(
–$ \'('"6'.$24'&>('*+&)>(UEG$(#.;(%);'(63#.$R)3*#-).(X('$$'.-#&(R)3($%2'.%'A((<))$6$(

+3);,%-426>A(3#+2;&>(6#3/'6$(.'N(#3%K26'%6,3'$A(2.H'%-./(2.$63,*'.6#-).(X(5Q=A(5.6'&A('6%JA(3!45(
'.6K,$2#$-%((

•$ 1&/)326K*$(6)($)&4'(*#.>M<);>(E%K3`;2./'3('[,#-).(X(VYCBaZ(GV9(
–$ 6#%7,4(8-*9(G)6$()R(;#6#(<,6(*#.>(*)3'(bGV8$A(<&)%LM$+#3$'(U_!==M&2L'(L'3.'&$(
–$ :%+!-%!'(;<!%=3!9'E2*,&#-./('.'3/>(#++&2%#-).$(#%%,3#6'&>(N26K(4#&2;#-).cde(
–$ >$$8!$9':'$2&2'.%'A(#$>.%J(%)**J(Y:=1c:=5ZA(*'*)3>A(3';,%'(#&/)326K*($%#&2./A(+)N'3(

W(
30

TCE Components
• Algebraic Transformations
– Minimize operation count

• Memory Minimization
– Reduce intermediate storage via 
loop fusion (LCPC’03)

• Space-Time Transformation
–Trade-offs between storage and 
recomputation (PLDI’02)

• Data Locality Optimization
– Optimize use of storage hierarchy 
via tiling (ICS’01, HiPC’03, IPDPS’04)

• Data Dist./Comm. Optimization
– Optimize parallel data layout
(IPDPS’03)
• Integrated System
(SuperComputing’02, Proc. IEEE 05)

Tensor Expressions

Algebraic
Transformations

Memory
Minimization

Performance
Model

System
Memory

Specification

Software
Developer

Data Distribution
and Partitioning

Parallel Code
Fortran/C/!

OpenMP/MPI/Global Arrays

Sequence of Matrix Products
Element-wise Matrix Operations

Element-wise Function Eval.

Space-Time
Trade-Offs

Storage and Data
Locality Management

No sol’n fits disk Sol’n fits disk, not mem. Sol’n fits mem.

Sol’n fits mem.

No sol’n fits disk
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