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This presentation will address

N

#How TCE works

#How TCE-generated programs work
#How TCE can be used

#How TCE can be enhanced

#0ther sources of information
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How TCE works overview

N

#TCE derives working equations for a
second quantized many-electron theory
= TCE is written in Python® programming

language

#TCE implements the working equations
into parallel programs
= For the NWChem®© QC software suite
= Using ParSoft© Library
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How TCE works — supported models

D

D(H,+H, )R, +R,)O) = E(D(R, +R,)O)
®MBPT(2)  (DH )(R +R,)0)+(D|(H,)0)=0
T,

#CISD

@®CCSDT T{[(H, +H,)exp(T, +T, +T,)};|0) =0
#EOM-CCSD (D [(H1 +H,)exp(T, + T, (R, +R,)|.|0) =0
#CCSD lambda equation
<O‘[(1+ Ll + L2 )[(Hl + HZ)eXp(Tl +T2 )]C ]L‘ D> = O
#CCSD dipole moments
(O[@+ L, +L,)[(H,)exp(T, +T,)],|O)
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How TCE works — formula derivation

N
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How TCE works — program synthesis

Pacific Northwest

National Laboratory

Operated by Battelle for the
U.S. Department of Energy




How TCE-generated programs work
challenges

A
N

# Use of spin & spatial symmetry in tensor storage &
contraction

# Use of permutation symmetry in tensor storage &
contraction

# Permutation symmetry of intermediates
# Abstraction of theories
# Memory management @

# Scalablility to massively parallel regime
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How TCE-generated programs work
permutation symmetry

A
N

#Reduced storage size

t:t

a<b
1< ]

#Reduced operation cost

cd, ,ab c<d a<b
Zt Vcd — ZZtKJ c<d
c<d
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How TCE-generated programs work
intermediates

N

L

#\With no de-excitation (L) operator
01<05<03<- <G L1<l<l3<---< LY,

#\With a de-excitation (L) operator

- 01 <05 <03<-<0y,h <hy<hg<---<hy,, py<py<p3<--<p,
01<95<03< - -<Qp N <hy<hg<---<hy, pi<py<p3<---<pg
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How TCE-generated programs work
spin & spatial symmetries

A
N

#Spin symmetry

C_ova_lriant Cor]tra_variant
indices indices

Zsp: qu
#Spatial symmetry

lindices

Hrp =1,
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How TCE-generated programs work
tiling algorithm

A
N

DO I (il~i2)
DO J (J1~j2)
IF (1>J)
IF X(1J) 1S NONZERO
DO i
DO j
ARITHMETIC
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How TCE-generated programs work
tiling algorithm

A
N

# Spin, spatial, and permutation symmetries
# Near-operation-minimum
# Runtime adjustment of peak memory size

# Granularity of dynamic load balancing
parallelism
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How TCE can be used —

preliminary

N

# Use a Windows or LINUX machine

# Download the latest Python® from
www.python.org (free)

= TCE codes (aee.py, ccc.py, oce.py, tce.py) will run

# Obtain the latest NWChem development
version for interfacing and running the TCE-
generated codes

= Minor modification of TCE’s code generator &
development of interface will permit other QC
software suites than NWChem
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How TCE can be used — GUI based

f
Y BT =lo x|
File Help
Tensor Contraction Engine, Yersion 1.0
Copyright [c] 2003, B attelle & Pacific: Morthewest M ational Laboratan
o0 W oLo=1 ¥ RO=1 = |0:
= ¢85 [T L1 Operatar v <plilg:{p+q} I¥ T1 Operataor [~ F1 Operatar 5
i <0l [ L20Operatar v 1/dzpglrzxip+gesrt W T2 Operatar [~ R2Operatar i D
<7l [ L3 Operator [T T3 Operator [~ R30perataor T
<0l [ L4 Operator [T T4 Operator [ R4 Operatar L
v Ll:Connected W Hls Connected IW¥ TlzConmected W FlsConnected W Al dre Linked

Perfarm Operator Contractions

Skip | Clear Al |

1.01.05um[ g5 g6 ) [ g5 g6 ] { hl+ h2+pd p3 } { g5+ g5 } 1=
1.0/4.0 Sum| g5 g6 g7 g8 ) [ g5 gb g7 g8 ) { i1+ h2+ pd p3 } { g5+ gf+ g8 g7 }

1.01.05um[ 05 g6 pF W3 1H o5 ab I pF 8 1 {hl+ h2+pd p3 } { oS+ gb } { pF+ kB }

1.044.0 Surf 05 06 07 g2 pI k10 1w 05 0B o7 a2 11 pI k10 ] § hl+ hd+ pd p3 } { 05+ gb+ qB o7 + { p3+ k10 }
1.0/4.05um[ 05 gb pF pB RS K10 ) a5 gk 1t p7 pB hA k10 1 { b1+ hZ+ pd p3 }{ a5+ ab } { p7+ pB+ h10 h9 }
1.0/16.0 Sum[ g8 g6 a7 g8 pA p10Kk11 k12 w[gh gb af gB JH pI p10h11 K12 ) {h1+ h2+ pd p3 } { b+ gb+ g8 g7 L p9+ p—
1.0/205um[ g5 g6 pF kB pI 10 ) a9 ab 1 p7 h8 ) pI k101 { h1+ h2+ pd p3 }{ g5+ ab } { p7+ hd 1 { p9+ K10 }
1.0/8.05um[ g5 g6 g g8 pI h10p11 k12 ]« g gB g7 g8 JH pI k10 ) p11 h12 1§ hl+ h2+ pd4 p3 } { g5+ gB+ g8 g7 } { p9+
1.0/4.0 Suml 05 g6 pF k8 pI p10 kK11 W12 1 a5 ab 1t p7 3 1 pI p10 k1T K12 ] {hl+h2+pd p3 1 { g5+ a6 H{pF+ hB H{p
1.0A16.05um[ g5 aB af a8 pI h10p11 p12 h13 k14 1w a5 ab af g8 [t pI H10 1 p11 p12 K13 k14 11 b1+ h2+ pd p3}{g5-;|

[<21 1) H exp(T1+72) (1] 103
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text based
cf) Auer’s presentation

Shortcut to python.exe -0 =|

Python 2.2.1 (#34, Apr 9 2802, 19:34:33) [MSC 32 bhit (Intel)] on win32 |
Tupe » "copyright". "credits" or "license' for more information. -
»>2>> import oce

>>»>» ced_t2 = oce.readfromfiled"ccd_t2.in"">

>>> print ccd_t2

+ @B.25 1 = Sum ¢ g% g6 g7 g8 > *= v ( g5 g6 g7 g8 > = (@] { hi+ hZ+ p4 p3 > { gb+ gb+ g8 g7 > 18>
+B.25]*Sum(gSng'?pSh?hlB)*f(gSgG)*t(p'?pSh?hiB)*(Bl{hi+}12+p4p3}{95+gﬁ}
p?+ p8+ hiB h? > 18>

+ B.A625 1 * Sum ( gb gb g7 g8 p? plA hil hi2 > = v ( gh gb g7 g8 > = t ¢ p? piB hil hi2 > = {A] { hi+ h2+ p|
p3 » { g5+ g6+ g8 g7 » { p2+ plB+ hi2 hil > i8>

+ B.@@78125 1 = Sum ¢ g5 g6 g7 gB p9 piB hii hi2 pi3 pi4 hi5 hié > = v ¢ g5 g6 g7 gB > = t ( p% piB hil hiZ
* t ¢ pi3 pl4 hi5 hié ) * (B. { hi+ hZ2+ p4 p3 > { gb+ gbh+ gB g7 > { pP+ p13+ h12 h11 » { p13+ pi4+ hié hib >
a>

How TCE can be used

»>>» ced_t2 = ced_t2_performfullcontractiond?
[ +B8.25 1 = Sum ¢ g% gb g7 gB > = v ( g5 gb g7 gB > = <{@! { hi+ h2+ p4 p3 > { gb+ gb+ g8 g7 > 18>
... commencing full operator contraction
... iteration 1. numbher of terms =
... iteration 2, number of terms
... iteration 3, number of terms
... iteration 4, number of terms
; ha}hlﬂ p? p8 g5 gl’: > f (ghogh >»xt ( p? pB h? hi@ > = {@] { hi+ h2+ p4 p3 > { g5+ gb >
commencing full operator contractlon
iteration number of terms 2
iteration number terms
iteration numbher termns
iteration number terms
iteration 5. number terms 4
[+ ©8.8625 1 * Sum < h? h8 p5 pb g? giB gll g12 > = £ ( p5 p6 h? hE > * v { g% g1B gll gi12 > = <@ { hi+ h2+ p
4 p3 > { g9+ gl@+ gl2 gll > { p5+ p6+ hEg h? > @8>
- .- commencing full operator contraction
... iteration number terms
... iteration number terms
... iteration numher terms
... iteration number termns 14
... iteration number termns i8
iteration number terms = b
"9.8878125 1 * Sum ( h? h8 hil hi12 pS pb p? plB g13 gi4 gl5 gie > * £ ¢ ph p6 h? hE > = ¢t ¢ p? piB hil hi2
u ¢ gl3 gld gi5 gi6 > = <Bi { hi+ h2+ pd p3 > { gi3+ gld+ gi6 gi5 > { ph+ pb+ hE h? > { p9+ plB+ hi2 hil >

.
o B

N

N

.
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[l

commencing full operator contraction
iteration numbher of terms =
iteration number terns
iteration number termns
iteration number terms
iteration number terms
iteration numbher termns
iteration number terms
iteration number terms
))) print ccd_t

¢ p3 p4 hi h2 >
um ¢ ht > = f { ht hi >
um § hS > = f { ht h2 >
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How TCE can be enhanced —
limitations of TCE

N

# Tested for ...

= CC up to CCSDTQ, CI up to CISDTQ, ‘generalized’
MBPT up to MBPT(4), CC A up to CCSDTQ, EOM-
CC (right & left) up to EOM-CCSDTQ
# Anything else will probably need some work

= But far less than a full manual implementation
would!

= Cf) Sadayappan’s presentation
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How TCE can be enhanced —
collaborations

N

# Join our effort!

= Partner with existing members (quantum chemists
or computer scientists) to realize your new
methods much more quickly

= eX) Professor Rodney Bartlett & Mr. Igor
Schweigert — CC analytical derivatives

= eX) Professor Piotr Piecuch, Dr. Karol
Kowalski, Professor Mark S. Gordon —
Novel CC & EOM-CC methods

= eX) Professor Kimihiko Hirao, Dr. Takeshi
Yanai — Relativistic correlation theories
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Other sources of information

N

# Papers

s G. Baumgartner et a/. Proc. Supercomp. (2002)
[Performance optimization aspects]

s D. Cociorva et al. Lect. Notes Comput. Sci. 2228, 237
(2001). [Performance optimization aspects]

= S. Hirata, J.Phys.Chem.A 107, 9887 (2003) [TCE specs, and
CISDTQ, CCSDTQ, MBPT(4) applications]

s S. Hirata et a/, J.Chem.Phys. 120, 3297 (2004) [DK3
relativistic CCSDTQ applications]

= S. Hirata, submitted [EOM-CCSDTQ applications]
# Webpage

= http://www.cis.ohio-state.edu/~gb/TCE/
# TCE Manual
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