r,d’r,

(af|y6) = H B (x)P(r ), (r))5(x5) e

|r; — 1,

Fock matrix construction

E[n(r)] = T[n(r)] + Jve’“(r) n(r)d’r + J[n()] + E, [n(r)] DFT energy

af with screening ~N25

Faﬂ — haﬂ + D}/é [(aﬁ | },5) — CHF(a5 | }’ﬂ)] + Fxe Formally scales as ~N4
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Forrd Fock matrix construction:

VETENSKAP

(vii'd Complete property/spectrum calculations

LS

Job type Method Per-core speedup Per-node speedup
(molecule) (#basis functions) (w.r.t. Beskow)  (w.r.t. Beskow)
Polarizability B3LYP/def2-SVPD
(C60 fullerene) (1200) 1.07x g2
C6 dispersion B3LYP/def2-SVPD 1.15x
(C60 fullerene) (1200) ’
— Two-photon absorption (full) HF/def2-SVPD 123
-=/ELOXCHEM (BPVB) (1314) X
Two-photon absorption (reduced) HF/def2-SVPD 1.26
(BPVB) (1314) 9%
UV/vis absorption (RPA) HF/aug-cc-pVDZ 136
(noradrenaline) (375) 30X
Circular dichroism (CPP) HF/aug-cc-pVDZ 1.56x

(noradrenaline) (375)

Yo
T
4
®

. a
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Fori Fock matrix construction:

%74 Titanium oxide nanoparticle Ti1esOs:s0

“oed™

Basis: DEFR-SVP

Contr. GTOs  Prim. GTOs
Ti (58,3P,2D,1F) (148,9P,5D,1F)
0 (38,2P,1D) (78,4P,1D)

Number Contracted: 8,580
Number Primitive: 18,810

~=/ELOXCHEM

32 nodes

512 A

256 1

128 1

Speedup (w.r.t 1 Beskow node)

—e— Beskow
—— Dardel
---Ideal speedup

64
321
161 70035
8 _
256 512 1024 2048 4096 8192 16384

Number of cores
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By, . .
¢ k
211 Model Chemistries
Honseardt
Density-Functional Theory Wave-Function Theory
- Method
A
Exact result FCI Exact result
cc3
.range-separated . CCSD(T)
;; MP4
§ hybrid GGA C 4 CASPT2 CCSD/ADC3
S MCSCF | mp3
g meta-GGA !
2 cl | ccz/apc2
(&]
X ; MP2
HF
s-aug d-aug t-aug > s-aug d-aug t-aug -

TZ Qz Basis set DZ TZ Qz Basis set

1"
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—~4

o

]

€ 2

5 0 M—x‘.

o AN

S-2

g

5 Tel22

S -4 ——Tel22[Ru(TAP)J*

L ———Tel22Ru(phen),J"

O.6 = Tei22 [Ru(phen) PHEHAT]"

Tel22/((phen),RUPHEHATRu(phen) ]

-84

220 240 260 280 300 320 340
Wavelength (nm)

15577

Yo
T
4
®

. a

Core-hours

Oscillator strengths, O(N®-93)
- 4.80
100000 - MO integrals, O(N*-°%)
] Nonlinear eigensolver, O(N3-39)
1 Gator
1000 ; 13 h 27 min
5h 7 min
100 5 2h 9 min
' 27 min
2 x 102 3x102 4 x 102 © 6x102 1000

Number of contracted basis functions




Protein
Backbone

CN

OpenMP MPI
s - ) Cco
MuldlPsi N :
o & £
+VeloxChem based £ ¢ =
multi-reference module 3 o [dear
* Python/C++
*OpenMP/MPI 1 32 64 128 1 2 4
- Node-distributed memory Number of cores Number of nodes Backbone
. [NiFe]hydrogenase
NUMA aware Large-scale CAS calculations
418 billion determinants fm‘ ?‘%
— | e ' I’T ’T“ ’Y"T "“gt”
-—/ELOXCHEM » CIl optimization Ly ey
» 22 iterations &T“*T‘&T‘QT"WT"
« 48 h -
* Spm state NiFe model system

]
1'®
1
§
. a

» singlet by ca 5 kcal/mol
Delcey et al., PCCP 2014, 16, 7927
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Summary and conclusions

« Dardel will serve chemistry well

* VeloxChem efficiently

« implements DFT-based energy and
spectroscopy calculations

» serves Gator for single-reference
methods

» serves MultiPsi for multi-reference
methods

So was | wrong?

Already a fading memory...

...stay tuned for Dardel Phase Il!




