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[ Abstract] Development of accurate exchange-correlation functionals in Kohn-Sham
density functional theory is one of the important topics in electronic structure theories. The
fundamental conditions that the exact functional should fulfill have been used to develop
approximated functionals. Besides, the parameter fitting to various quantities mainly given as
a difference of total energies has been performed. In this study, machine learning is used to
construct the functional that reproduces Hartree-Fock (HF) exchange and post-HF correlation
energy densities.

[ ] Kohn-Sham % EEFLBISCEERR 1 3010 D A HAFR BAULBE S O B8 1L, B 7R REHL G
%Héi%ﬁ%—v@lo?%éo:Mif,%%%ﬁ,%ﬁﬁm,@%izw%—
BRSO OIRIE LT Ir BB S 285 B S v C & 7=, rPIAEAE o R, ik
BRI EARAN T T2 T X BRI SV T E SN D, -, AT RLF—3E
ELTRINDEEA 7B &% U TSN DR T A —FZ it S v b,
WHFSEEE TIE, #UEIEEKAFEDFTIZR T 2 #ESE) = R L X — & NI >\ T, &
PR R0 D22 AR | C B A4y &, Kohn-ShamiE S — kL ¥ —%5 F ORISR IZ OV T
B R (ML) (I2 LB EUREITV, fEkoiEs = VX — %% ER AR E 255
LB ARBE LM MLEZ WD Z & TH L bR TITRIANINEE L 72 28
MBS AR & 5 LIRS D,

AW TIE, MLZ W AR BB OB 21T 5 . #@b% %%af@&
DOffH L&, Hartree-Fock (HF) AZ#ior )L % —%% FE Cpost-HF £ A =
IV — 5 FE D BER 2 i 12 ;D%@oﬁézk?,ﬁﬁﬁ%m%ﬁ%ﬁﬁﬁéo
[5:] AWFFEICRT D ILBEBRR O E % Fig. 1 1287, ZUHIChL—=27F%
v MZOWTEAHEFHEZIT), AJIEREMNERENE L T2T —F X— 2% {E
5, ANERICIE, BFEE p, BEAR |Vp|, BB R LX—FE ¢, KiIH#E
JFRAENET Yy R g%

T@EE%’E@@@??@U\@O Input Training Output
AT HRIL, HF 2=V ) 1vp(e)1, <), 1r, -R, I £ (r,) e2° ()

X —#2JE, post-HF AH B — %

LR —BRRE L UT-, HF A3H# Test Input Prediction
TAAE—B L postHE P VRO )15 R, L4 » ) &)
FHRI = R L ¥ — D X

BRI X9 A 22 e Fig. 1. Procedure of developing ML density functionals.

Z T



x (Ig)= Z{fﬂ. (r)(ﬂ,(r)ZCﬂ, i W(r)}

postHF(r ) Z{¢' (r )¢a(r )ZC#JC"b Aﬂv(r )tu ab}

ijab

AL =] zﬂ(mr —r[* z,(r)dr

ERIND, ZIT,

%, C 1d5y
: A |00)) (00| 0i0)
vab &+e &, &

iﬁﬁiﬂj_, a, b i'f}i/u\iﬂLy u, v
%lihﬁiﬁﬁéﬁ, y [ FRTFEEEZET, MP2HHB = XL —DHA

1)

)
(3)

I REE RS Dindex TH

(4)

70D, e FHUET RNV —THD, MELZT — X X—RZHEISEMLO FED—

DOThbH==
MZxF U TR 2 MRGIE L 72,

[#EE - Z2] 12 U DI, He, Lit, Be?, B3, C*,

N°*, 0%, F™*, Ne®*, Be, B*, C?*, N**, O*, F°*, Ne®*,

Ne @ 17 FE @ P % i 12 2 T MP2/
6-311++G(3df,3p) Dt il L ~/L T S v 7o = %
VX AR LT, R, im@%%
D7V FREHWe, Fig.2, 312 Ne &1 D
LT RV — B LB R VX — R A
Ao OBk LT ey b L%
R, MLIZ L D AESE U= LER S0, A #atkA BE
TRV —FEEO 0D OEHECxTT 5
ROEENE LS HBL L,

BT Table 1 IR T R L—= T FD 9
B 04%D 7Y v RS&E5ET—42 & LTI
A Uiz, L -VVITRA DS L [ERE
DAL LT, Table 2 12 ML 1T X 0 KEEL L7
BB DR XX — L= R L F— D
Yjis7e (ME), ‘FHIiExiiaz= (MAE), fc RKitxt
R (MaxAE), ‘F¥iaixt X—& o FiAzE
(MAPE) %/, ZHUHDOFEEND, MLIZX
S THESL L 7 LBAEI T4 F- 1okt L CAc# - FHES
T XL X—% 1072 hartree DA — ¥ —TEET
x5 LR SN,

Table 1. Molecules of the training and test sets.

Set Molecules
For exchange For correlation
H, CH3;CHO CH,CCH, H, C,H,0 CsHg
H,0 C,H,0 CHCCH;, H,0 CH,CH,0H H,CO
Training CO, CH3CH,OH  C3Hg CO, CH,CCH, C,H,

HCOOH CH;0CH; CH,CHCH; HCOOH CHCCH;
C,Hg

Test CH, CH;0H C,H, C,Hg CH, C,H,
H,CO C,H, C3Hg CH;CHO CH;0H
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Fig. 2. Radial distribution of the exchange
energy density of the Ne atom.
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Fig. 3. Radial distribution of the correlation
energy density of the Ne atom.

Table 2. The ME, MAE, MaxAE (hartree),
and MAPE (%) of the ML functional.

ME MAE MaxAE MAPE
Exchange
Training —0.0002 0.0101 0.0374  0.059
Test —0.0007 0.0111 0.0290 0.077
Correlation
Training —0.0042 0.0057 0.0133 1.369
Test —0.0067 0.0084 0.0146 2.106
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