ETHETHFRENNETFUFTERYG

V1.0
RPFi
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1. &t

ETZHEHRTERIPE AP ERGE2 - E T Z24HE (Multi-
Configurational, EiFX MC) ¥ R EUTI M S BB F 5/ B G TRIFR N
eMC). HATH TRME J TR R REE ML R EE S, 7EbIRa ki
ST EAR R FPOEE B B RRIT M B R (FORIEE D .
TZ A I 3 R B SEIN SRR R AT A JF e A i E 15 T RE AR 4 R R, o
O HITHEERIHC A Z S 53 (MC Self-Consistent-Field, fi#KA MCSCF) FELA
ZHSLME R, (MC linear-response, Tai#KA MCLR) bk, HFRFHELZLUI T :

(s | ~ | HF._DFTS#E |
MCSCFREEREL ) SESIAIT{R
s N\ P N\
KBRS — SEESETE
\_ J - J
[ fmEMCLRERE | 10 e
4 1Y - — -.H( 1’1 L
meemwe | [ MCLR MCSCF 3| | suipmasm
s N 7 N\
MCLRFFFEKAR — Rk
g J - J
R ' A
RPRERE | | L s
\_ _J - J

1 eMC P K F AR 2 7~ =

eMC = ZAFE LT ThRE:

& JEH P BEEACEPUE DO TH RS, 7T SRR — H A PR U Hartree-
Fock #pRE, Z AW RN SHEAER PR RS W R 2.

& SCFEE WLTE R AR A N PSS A B0E 2 R EE R, RSN SRR
[) P 38 £ 70 1 BT e

® NS ERRTR DR s B B AR 2 AR AR

& NG ZMEERMNTT R, Wi H %477 % Newton-Raphson 77 %€ . Augmented
Hessian /7. Werner-Meyer-Knowles /7%,

& CFETAAREAINE T e .

& USRI, HTREA MR A B BUGS I E FERE, ]
PLSRAS UK A& R A R

& 2 A A MR e AR R S HRE 2 A A EAE B AR R SR AR A U R
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WL eMC ARG, HI Al DLSE e M TR R TS B Y
THEATH IO A RLIE, SRS A P 1 1 BE AT pR AR I

2. eMCEFEFEESRR

eMC FEFF AL AR E TR . R 2 T 00T IR I B
SEV TR, P H. T V. U DRI RS EEEAT . ShaeRAr. Heefa. &
T-BTHEMERER, i NV E R T LR AT

Ff@:[i’wﬁﬂ}}w:[i(——v?) ZVn—i—ZU ¥ = EY

i

FESLIEA B, JERAR ) SRR SEEL A A TP AR

eMC {£ N post-Hartree-Fock ) /775, ] PLEE T Hartree-Fock H &AL
RiATZHE (MO PETFTUHFUHE,; HESERTUEER TR —PNEZS%
(MR) T+, METRAR eMC A EMZSHEL, FEMT MCiFHE. 4]
eMC X FFZ Fh 2 A AP R BOY DR M, 51 a0 58 4235 11 25 18] 5 16 37 0% 2R 2L
(CASSCF), # LR E AL AU R4 (DMRG-SCF), % 5% R 2 pRIB R

__________________ i i L 3
- } N Zam s
+H 4 - |\ shaeFiEs
e e — |/
RN H
%}é)'\w & -
EEE NS {
T&RM, R _H_ &Sl
BASEFARX )/
_H_< JEEEhIE

2 AL MC)/Z 5% (MR R TL 2
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3. ZRERGRE

+  eMC Zn P22 e 7 Z I A B
1. GNU gfortran. Intel ifort Z54m 1: 4%
2. HEIWHCFEREE, W intel MKL. AMD ACML %5
3. Python IB1T M5 3 #F
4. CMake ¥ 545

+ eMC B4 K H CMake/Make e 245, i 7hEB4m 13 10 7 2.

eMC 27 W E et MR B HIEE 25, 1 ULHSIECE T 14903
PN BCFRBUE (BRIAIZ R MKL; ESSL; OPENBLAS; ATLAS; ACML;
SYSTEM_NATIVE I ST ). HAkgm 7 A
< CMake-GUI, {#i[f] CMake IJE FHIHIKI4m % 7 50 (HHERE)

a. gitclone B T #UENS . ff 4 1 7 2RISR P IR AC A

b. FEFHXNHEMFHZ, Wvlo

c. ccmake ../ T84 H CMake-GUI,

yingjin@yingjin-lenovo: ~/Softwares/eMC/v1.0 - o X
Page 0 of 1

EMPTY CACHE

Press [enter] to edit option Press [d] to delete an entry CMake Vversion 3.10.2
Press [c] to configure

Press [h] for help Press [gq] to quit without generating

Press [t] to toggle advanced mode (Currently Off)

d. IR EANC, X eMCREFF#HATI G A R4 A ACE

yingjin@yingjin-lenovo: ~/Softwares/eMC/v1.0 - [} X

CMAKE_BUILD_TYPE
CMAKE_INSTALL_PREFIX
ENABLE_AUTO_BLAS
ENABLE_AUTO_LAPACK
ENABLE_PROFILE

ICMAKE_BUILD_TYPE: Choose the type of build, options are: None Debug Release.

Press [enter] to edit option Press [d] to delete an entry CMake Version 3.10.2
Press [c] to configure

Press [h] for help Press [q] to quit without generating

Press [t] to toggle advanced mode (Currently off)

e. BNV, AILLHEA A B RS G R I B
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yingjin@yingjin-lenove: ~/Softwares/eMC/.0 - o X

BLAS_LIBRARIES ®

BLAS_TYPE ran_COMPILERAGS RVMKL /bin/f95

CMAKE_AR sr/bin/ar

CMAKE_BUILD_TYPE jiRelease /gcc-ranlib-7

o'V N M- -Tho-aligON ommons -fbacktrace -DVAR_GFORTRAN -fnol
CMAKE_EXE_LINKER_FLAGS H-00lE

CMAKE_EXE_LINKER_FLAGS_DEBUG -DNDEBUG -0s
CMAKE_EXE_LINKER_FLAGS_MINSIZE

CMAKE_EXE_LINKER_FLAGS_RELEASE 2 -g -DNDEBUG
CMAKE_EXE_LINKER_FLAGS_RELWITH *JHJAll=1! lers_and_libraries_2018.2.199/11inux/m

Press [enter] to edit option Press [d] to delete an entry CMake version 3.10.2
Press [c] to configure

Press [h] for help Press [q] to quit without generating

Press [t] to toggle advanced mode (Currently On)

E B IS EUR, BN g ] LU G 1 T ) Makefile SC2F
H3XT make-jiN (N NEFEEHD, FIFE 2 &R HIRE R g ik
AT Y
git clone B3 T #IEIS . Ml R 4810 77 RIS FE 7 IR ARY
FEF Ha Frdgm i H 3%, Wivio
¥ H FC=gfortran cmake ../ -DENABLE_THREADED_MKL=ON ##£4T ¥R 1545 & 1 [
) [
P B H 3 T ) CMakeCache.txt, PLIAEDCEMY (2w 25
e. HZT make-jN (N NZLFEEH), WIS 2 LR 9

<>
O T 2 o@m &

o

4. eMCHEIAN. HiHXHEEH

4.1 eMC B N\ 451

YETARA BB eMC B N SCHF LS A DU BB IR, 435l 9 SORBINT
SORBSPC. $SMC_INP. SMC_SCF. SMC_LAG, H FEEIhAefiiRun T

T 4k o 5
BUMETR, FEIRE

L NS TR R B S A
2. SRR SRER b

3. Y LTI A

$ORBINT

EY
SORBSPC | BN . B o)Ay kI MBIl 72 A
EETUE, JRAIS A MC_INPUT, EEIIREN: %g;
L S 2 T ST O B o

$MC_INP 2. ¥R IE R ATH S R S
3. fREIHER B FAHE A E

4. R v R IEAT R A 7 =X
HIGIEIR, FEIEEA

1. $8EXRH B/ T %

i ]

$MC_SCF
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2. fRERKIEMNDSHE
3. fREWE TR R G

Zh I HEDR, 787 58 MC_LAGRANGE,
SMC LAG | FEIhRENE 250 oh 35 8 o145 I oR 20 11 ot
%, FT G SRR R AR

H:dr, SORBINT. $ORBSPC. $MC_INP. SMC_SCF. AN#ikikIH &, $MC_LAG N
ALIRIET R . AR RS R (BAR[1A3 {J:038):

SORBINT

sym [Abelian Group/Bi U1 /R S ]
orbitals  [Integrals/FA 4 S ]
electron [N-electrons/{4 % o1 8T 44|

SEND

SORBSPC

frozen [ frozen orbitals in each irreps/&E AT 23K I8 T IR &5 HE S
closed [ closed orbitalsin each irreps/&E/NANTT 21K 78 T 1 7 2 HLIE]
occ [occupied orbitals in each irreps/SF AN A AT 215875 T 1 G 4 PLIE L]

SEND

SMC_INP

binary [computing binary/ R FATTEF]
inputs linput file/Hi A\ L]

reorder  [orbital-reordering/#/LiE B HE S 1F]
output [output file/%i Hi S

mpirun  [yes | no]

nproc [nproc/ 5 AZ 0 E1)

SEND

7E: binary i BIFEHIHE T ZHE 774 1) i RS, PI%1 QCMaquis 7217

SMC-SCF
method
maxcycle
CP_integrals
MPSci_update
MAX_iter
THRS_energy
THRS_rotation
THRS_coupled
THRS_gradients

{algorithm + iterations/ i1 & 77 Vk+1EA D H)

{max iteration for macro-iterations/K: ECEH LR}
{transform for operations/>X F A7 i ALl AN ke 84}
{interval for updating operations/ 5 H1 1T ALU 545 [71] [ }

{ max iteration for micro-iterations//N&EACE H F IR}
{threshold for energy/fE = F{H} FRIA 1.0d-8
{threshold for rotation/ie#% 14} 2R\ 1.0d-8
{threshold for coupled/#i & 1E} BRI\ 1.0d-5
{threshold for gradients/ff R {E} EKiA 1.0d-3
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act_act_rotation {rotations in active space/iE L iE N EBE s} BRIN
SEND
JF: method 25 BTk K& K EH Yy augmented Hessian 777 (e augment )

SMC-LAG
DMRG-SCF {additional SCF calculation/#i7MT] SCF 115}  BRIA .false.
DMRG-LR {Energy Lagrangian/Be EFu A& I H}T  ERIN true.

rixstate {Relax state/JHTL I HE T35} BRI 1

ckp_re-use {checkpoint re-use/H [H] CAE A} ERIA true.

irreps {consider irreps/Z FEAN T 21K R} BRIA true.
SEND

4.2 eMC ¥ XS
SR P SRS R

[F2 PPt ]
(A 5IH . R FH T ]
[

1. H7%)2 Hartree-Fock 45 F-%
2. AFHIMERHH

3. BUE(E B
4. ZHFEEIEAUE B

5. AL R kA E B
(45 IR

B SR CARTRRAS -

[ 4]

This program is a prototype code for
second-order CASSCF, MCSCF and DMRG-SCF

and

their state-averaged gradients (Lagrange/MCLR part)
[FE/7Z D]
kA, G/, EEFET ]

Main author:

Y. Ma (CNIC/COSCAR, ETH Zurich and U. Nanjing)
Contributing author:
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S. Knecht (ETH Zurich)

ORBOPT version: ORBOPT - version: 0.2
git SHA: 07bbcaabddb?7

Nanjing -> Zurich -> Beijing: 2013 — 2018

Using this code in publications necessitates to cite:
Y. Ma, S. Knecht, S. Keller and M. Reiher, J. Chem. Theory Comput., 13, 2522-2549 (2017)

Calculation is running on --> yingjin-lenovo

Content of the input file

Attention :
Current input for TDMs is order sensitive
linux system is ubuntu

[R%E. FI/H EEFET ]

[21-E &7
RHF STATE PART:
One-electron  energy: -739.80377707200000
Two-electron  energy: 276.63874959139639
Core & Nuclear energy : 165.96769587700001
[- RHF state energy ] : -297.19733160360363

State-averaged DMRG-SCF with weights:
0.500 0.500

MCSCF Part (orbital optimization):

frozen orbitals: 0
closed orbitals: 17
occupied orbitals: 21

active orbitals: 4

external orbitals: 6

Iter | -- RDM_ENERGY -- | sum|R| | Method
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1 XXXXXXXX XXX augment
N XXXXXXXX XXX augment
===== MCSCF optimization finished =====
===== time required: 0.16

Entering the linear-response solver

The 1-th state will be relaxed
allocated mps info.
Finish read-in all properties for every states
Print the lowest 5 eigenvalues of full-SA Hessian :
-0.00000000 -0.00000000 0.00000000 0.00000000 0.00613110
Entered the PCG solver
Finished the orbital-only PCG solver
Start the Solver_CG_SA
==> Entering the Solver_CG_SA solver <==
Notice the CG_SA threshold is r*2=1.0e-14
==> Finished the Solver_CG_SA solver <==

[ B HA]
[ZZRIH]

== The SCF results were saved in Step_XXX folders ==
==The orb-lag  was written into orb_lag.txt ==
==The mps-lag was written into RDM_lag.txt ==
----------- Normal Termination ------------

L2/

5. eMC T4

5.1 CASSCF J5 i fij 8 it E ol

X BEBAE O H 4 CBEK N 0.758), SRA 6-31G 1264, R
My 2 B T RN 1 s 23 18] (R 2e20). KIS eMC f#) CASSCF 54 A\ S0 A
Wk s

SORBINT
symcl
orbitals FCIDUMP
electron 2

SEND
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SORBSPC
frozen, O
closed, 0
ocg, 2
SEND
SMC_INP
binary maquis
inputs dmrg-inputl
reorder MASORB.orb
output dmrg.out
mpirun no
nproc 1
SEND
SMC_SCF
method augment 20 (AH)
THRS_energy 1.0d-8
SEND

Fr FCIDUMP 94 R IAR 4 SCAF, eMC SCRESCAR B il AR 73 3
o BN Hy R ST 00 s

&FCINORB= 4
ORBSYM=1, 1,1, 1,

ISYM=1
&END
0.651702246201 1 1 1 1
-0.327093570732E-09 2 1 1 1
0.177321245966 2 1 2 1
0.651203577103 2 2 1 1
-0.747701960494E-09 2 2 2 1
0.695241739730 2 2 2 2
-0.166719704673 3 1 1 1
-0.752580255525E-09 3 1 2 1
-0.171882767861 3 1 2 2
0.108112503059 3 1 3 1
-0.199925536322E-08 3 2 1 1
-0.809274370242E-01 3 2 2 1
-0.190494415682E-08 3 2 2 2
0.195827936061E-08 3 2 3 1
0.702371501376E-01 3 2 3 2
0.530164263062 3 3 1 1

0.271050219312E-08 3 3 2 1



BT 2 AT BRI R T T AT v

10

0.532425279787
-0.117667025476
-0.270506729929E-08

0.460258300775

0.187555328653E-08
-0.521661713626E-01

0.218157624569E-08
-0.626727715742E-09
0.530682734490E-01
0.565171913199E-09
0.420361269737E-01
-0.152645934871
0.137577022027E-08
-0.165739623031
0.935975123594E-01
0.270067506453E-09
-0.109687829322
-0.171656503209E-08
0.929253989916E-01
-0.607166959877E-09

0.114843938575
-0.593146693776E-09
-0.271758947736E-09
-0.442636269815E-01

0.182717893800E-08
-0.235405156796E-01

0.967353474723E-09
0.930029437519E-01

0.446110214232
-0.278106841595E-08

0.467540161142
-0.780718395153E-01

0.746419328085E-10

0.397235163859

0.141935673604E-08
-0.692925355692E-01
-0.218930528077E-08

0.377785255732

-1.24183752116

0.410125765158E-09
-0.484739594039

0.157623888111

wUJ

3

wNNH_b_b_bhbh_b_h_b_h-bhbbbbbhhhhhbbhhbhhhbhbhw

N R R w w N N N NNNRR R
[ bpphhhpbhh W W wWwwwwyunN P o P Ww o, w

- N

OOOO_,;wNHwNHNH,_\wNHwNHN,_\HNHUUNHNI—\I—\HUUNHNHHUJN
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-0.273108972377E-08 3
-0.170872011139 3
-0.183128466379E-08 4
-0.298394027779 4
4
4
0

w NP w N

0
0
0
0
0.421638988712E-08 0

0.142829069165
0.705569614227

4 0
0

© © 509 o ©°

R BIRE 7 TS AT S RN E R

linux system is redhat

RHF STATE PART:
One-electron  energy: -2.4823477403199998
Two-electron  energy: 0.65030907960100004
Core & Nuclear energy :  0.70556961422700004
[- RHF state energy ] : -1.1264690464919997

MC-SCF Part (orbital optimization):

frozen orbitals: 0
closed orbitals: 0
occupied orbitals: 2

active orbitals: 2

external orbitals: 2

Iter | -- RDM_ENERGY -- | sum|R| | Method
1 -1.14629359 0.0275 augment
2 -1.14633259 0.0033 augment
3 -1.14633314 0.0005 augment
4 -1.14633315 0.0001 augment
5 -1.14633315 0.0000 augment

Macro iterations converged!
Orbital optimization has successfully finished

Final ENERGY:  -1.146333153
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Al PAAEL, X Ho AR R, eMC AU A 4 IRPCALEI AT BLIKCSR, CASSCF itk i)
1A & B FHE 8 N-1.146333153 Hartree. M45 I 5 &ML i & L2280 (
Gaussian. Molpro £5) 524 —#,

5.2 DMRG-CASSCF/MCSCF 75 V1T Rt

BT EE UL I 4 8 Cro 4> F (88K 2.8M), f# ] Douglas-Kroll-Hess (DKH2)
WS SR ANO-RCC-VTZP 240 . 1EVEZS (A Cr, 2011 3ds 4s. 4p. 4d A4
THIER R, B 12 #7 28 FUIE TG 218, (R A J2 TR A R 45 e I ek
Ab PR o BRI % B 7 202 3% HR 8 I AN T 20 387K (ag,bau, bau,big, b1y, bag,bsg,au)
KIEHL, BPERE 5,2,2,0,5,2,2,0 NINERIE, WEEIEZ FixF 6,3,3,2,6,3,32 4
TS

NT BRI, %IR8 % 45 I8 5 4 B PR DL A T R
A B FANZ BB N PUEZS AN . BERF FCODUMP FR4r S0 B4
ST NERTHMER, BTLLIESORBSPC LT B N F5 B 'E occ #HLIARIHA],

SORBINT
sym d2h
orbitals FCIDUMP
electron 6,2,2,2,0,0,0,0
SEND

SORBSPC
frozen, 0,0,0,0,0,0,0,0
closed, 0,0,0,0,0,0,0,0
ocg, 6,3,3,2,6,3,3,2
SEND

SMC_INP
binary  maquis
input dmrg-input
reorder MASORB.orb
output  dmrg.out
mpirun  yes

nproc 8

SEND

SMC-SCF
method WMKUBAR 20
maxcycle 20
CP_integrals 0

MAX_iter 100
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THRS_energy 1.0d-8
THRS_rotation 1.0d-8
| ====== Used in micro-iter ======
THRS_coupled 1.0d-4
THRS_gradients 1.0d-3
lact_rotation

SEND

HE I, WA 28R N-2099.32179049 (hartree), H GG, &
A AERN-2099.41178916. UKSIAMERE 2 11 Wik, WIHSMC-SCF IEIHF ks
CP_integrals ZHi% B N 2 (Ja FIL AR E R R IR SO, W 6 YIEAREP ]
a1/ 8

5.3 DMRG-Lagrange THE~%] G
GRS C R RTIR > 1, R A XA HE X o —> o "l

BHATREREITE . RERMMTEAEH o —> o "HFAM n—> o "HLF M B £ 25 1A]
kAT, XERFIETE SR AN 4 NS PEBUE P R

4 g

EVERE 1 W TERIE 2 ETERE 3 WERE 4

SORBINT
sym cl
orbitals FCIDUMP
electron 38
SEND

SORBSPC
frozen, 0
closed, 17
occ, 21

SEND

SMC_INP
binary maquis
nstates 21
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inputs dmrg-inputl dmrg-input2
tdm_inputs dmrg-input_TDM_1 2 dmrg-input_TDM_2_1
weight 11
reorder MASORB.orb
output dmrg.out
mpirun yes
nproc 4
SEND
SMC-LAG

DMRG-SCF false.
DMRG-LR true.

rixstate 1
irreps true.
ckp_re-use  .true.
SEND
SMC-SCF
method augment 20 (AH)
maxcycle 20
SEND

T2 R A AETHE H 152 orb_lag.txt LK xRDM_lag.txt, 737 HiE A4
SRR HZEG WU TR SERECR S . RO SE 5

6. 5 MOLCAS. MOLPRO EtH

ERHAth 3T post-Hartree-Fock 1) 77E84L, 4 HT eMC HITHE 75 B A8 H 750
T TR SO o 31X BLERATT 10 AT DAAd H MOLCAS 8% MOLPRO R3REX . A kAN
T eMC RRAWETF K2, KT 2 Ja KA.

MOLCAS $2HUR 7 IS AN SCHERT 25 LI (R IR T 5.1 BT BRBD:
&GATEWAY

coord=HH.xyz

basis=6-31g

group=NOSYM

&SEWARD
&SCF

&RASSCF
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inactive =0

RAS2 =14

DMRG

RGinput
nsweeps = 20
max_bond_dimension = 100

endRG

DUMP

RIS AF 2] Hy A 3, AT eMC IR E1H5



