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Abstract

Compared to the Finite Differecing method, the Automatic Differentiation method has

significant advantage in terms of the running time and the computational precision. By using

the adjoint model to claculate gradinents, the XIAMEN software is optimized with apperent

speedup. The ADG sofware is used to automatically generate the adjoint model, which

dramatically reducing the labors and the difficulty of the implementation process. Severel

related techniques are discussed and several testing results are presented.
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1. {��w
XIAMEN o] [1] ���=?%QRt�U[K%/�. <�Pt)C"�U[/�

TUR-TLE [2, 3] * spin-couple VB [4] i�, .DK%~V�K%uj�D,9�9[Q�?S
* 2007 K 7 @ 19 k�L.
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22 �ZL&4L&?%) 2009 Ky:f�.=`Q+	. XIAMEN o]�(n���yv<�&�J��K% Hamiltonian}P:*fb}P:. BY, XIAMEN o]�(�K%U[/i�A*U[z/i1~(.D XIAMEN o]a, U[�M���
+4Q, ��(�3j%v DFP [5] * DFP-

BFS [6] �r�. +4%vj��($.e&|yv�K%H#&�Q4j. H9[�?�fB~,4jQK%DR�/�A�~VaK$Q�B!|. �m,n$���M[��BJ 205Q]}$(�!, 4jQK%EUK$R�/�A�~VQ 95% �t. ";, m,bU4jQK%EU, nR�/�Q+4u!{J�[.tdH|yv [7−11] ��[&=2!�aJvHQE1o9J�, .;#
e9� �l, ������Y/�E1o9,n$QK%H|Q/�E1. 2�W, DK%&�4jy:,tdH|yv*.e&|i��..BQ+	. R-"(\g�?�8��)?� [12],K%#/af�9$imU&. R<, $(�)?��K%&�4jQ~VEUp.;/�A�~VEUQH�r�, �*h��#Q�BR�. G�D.p`�], �)?���B#Q{]Rv1�Q>7�r. m[>7J� [13] ;#IRw#�[K%EU�BBbU>7�r, =r6��)?�Q�P�H.�)?��bQ)���E�|V�C/�a
enqVVQ�[, m�#Q�n�5��,�#VVQ���[,#/VVQi��S.ÆN;#�(�)?�|,W (ADG)[14,15] ,BBbU$�)?�Q�t~V*�E, � XIAMEN /�OK$=`Q+4.

2. XIAMEN �u�}*��D XIAMEN /�a, �MH#QK%j�	� 3 � h: A|�9, }P:QK%�DÆQy/am [14]. -2U[yva�MQ{Sd�, �O9[H#E�Wgx,F_s&�QXF���, Rvn|s�M�-Q Hartree–Fock yvD�a�M+4P74Jm��ÆQy/QP7. ";, BY/�a"(Q+4yvJR>�+4yv.D XIAMEN /�a, �M[��;#am�]{+4P7OK:

min
x∈Rn

E(x) (2.1)Ra E(x) J�MQH#&�, x J�M[�, n J�M[�Q�B. XIAMEN o]�(ILov�amt�, }m]aE:

1) �c4Y x0;

2) xk+1 = xk − Hk · ∇E(xk).Ra Hk J$s}PJQs", �- DFP %vK%OK. D;/�a, 4j ∇E(xk) "(.e&|yv�K%, K%EUDR�/�aK$fB�f. ";, ÆNf[0-m,A(tdH|yv�bU4jQK%EU.

2.1. Dlq@M.X^�\g�?��H|E1Q�b��V�, ;#\g�?�K%&�QJ�3.imU&,"r�.e&|yv�.��Quj. ���pQ�Y/�nq;(��(��o#&��
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n → R

m, TxRD�c[ (=/Y)X0 9���H, HR\g�?��XF��J
dY = ∇X0

F · dX, (2.2)Ra ∇X0
F J m×n K
��}P, dX * dY |�J�n*�5gdo#. m!* dX = ei,H. dY = ∂F/∂Xi, F
��}PQX i &.A(\g�?��K%4j�� O(n) QK%EU, �P$(aB>�.e&|yvQ"�. GDAw���ujK%
��}P – o#.AQ%v (m JFNK yv [13]) $(a,\g�?�XF��, �.=`Q+	.

2.2. �Z@M.X^�Dt�a, m!Q7XFd9�ngd*�5gdo#QK�, H�OKm]��Q�)?�, XF��J
dX∗ = ∇T

X0
F · dY ∗, (2.3)Ra ∇T

X0
F J
��}PQo_, dX∗ * dY ∗ |�J�)?�Q�5gd*�ngd. 2�W, n2���#&�, m!* dY ∗ = 1, H�5 dX∗ = ∇X0

F F�4jÆy. O�k-�=,�(�)?��K% (2.1) �aH#&�Q4j�.�jQK%EU.er, DBp�$(a, �t�)?�����]l�Q�. Q7UM, {g�&�QJ�K%��2R�n�#QY, O�Q7+J=/Y. D\g�?�a, H|gdQK%#/��q3;/�K% ��^Q<��r�, ";i,HYM_Q=/Yf�;#tNQK%teOK. GD�)?�a, H|gdQK%#/H��q3;/�K% �DcixQ<��r�, i,HYM_Q=/Yf�H
�x.��W,�:�HYM_Q=/Y;(."e=ÆQyv, F�~>7*f�K% [14]. ��t,�)?�Q�HGG)O"eyvQ�<z-rX&E�, Oe�b��Qp���D/��~VVQ�Ci���R�tD�$BBQ�E.=/�E1Q�?�	, XIAMEN /�Q�)?�. 7935 �, Sd�$ÆE1.
4356 �, r;/�E1p. 2773 �. `e, �)?��tQEj.B, ";Q7nl ADG[=��t XIAMEN /�Q�)?�.

3. ADG hb7I
ADG [=n5(2td|, Fortran77/�Q�)?�E1, .=2 YACC * C/C++�tr,. ADG [==2{t/��J|mQ?��)4yv�b, D�[K%*>7�ry:�.k�<3|zj���Q2[. �Za, - ADG [=|,Q�)?���(�K%&�Q4j, �U.e&|yv��.�jQK%EU.

3.1. F3Æ�B��J��Z@M. ADG [=9�Q=Æ/�nqJ#/<&�, .|,Q�)?�E1�._WQk�. =Æ/�nqQgÆJ:
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SUBROUTINE PROC(X IN, X OUT, X IN OUT, OTHERS)

FUNCTION FUNC(X IN, X OUT, X IN OUT, OTHERS)Ra X IN, X OUT * X IN OUT |�J�}�n�#��5�#�D�n�5�#, OTH-

ERS JR}�v�}*/C}�#. n$W, ADG [=|,Q�)?�QgÆJ:

SUBROUTINE Adj PROC(Diff X IN, X IN, Diff X OUT, X OUT,

Diff X IN OUT, X IN OUT, OTHERS)

SUBROUTINE Adj FUNC(Diff X IN, X IN, Diff X OUT, X OUT,

Diff X IN OUT, X IN OUT, OTHERS, Diff OUT, OUT)O���!=Q�, D�)?�ai,�}�#�)RH|�#,n5b, Ra Diff OUT �#J��&�nqQ�)?�QH|�n, r OUT �#;(R��.��J��O	s. n�)?�D�(Y��}��Q$Æ,;# ADG [=8�td|,�.m]gÆ��Q$Æ/�:

SUBROUTINE Check Adj PROC(X IN, X OUT, X IN OUT, OTHERS)

FUNCTION Check Adj FUNC(X IN, X OUT, X IN OUT, OTHERS)Ra$Æ/�Q#��*;/�Q#��Dc�^.gQv<�9�E6. m!��
��}P�X�Q, Q7��;#|VRX�k��;O����Q�n}P (F|.<0.�n}P) [11],�;#x��(\g�?�<�)?�{dK%OK���+Q
��}P, OBBYw$R�
��}PQK%EU. n2�CQ`�, ADG [=v�HDcSd9�.

3.2. F3Æ]H+~�n	spd�6Æ@M�Z(��. =2{t/��J|mQ?��)4yv
(LPBD) � ADG [=Qf�2r. LPBDyvR-Do]�b�H|K%EU8�D%v;(�Sy:f�.@5Q+[. �_, LPBD yv�..(Q%<k��b, �<%<�<�}Q/�nq�.i<<i"Q�)4�b#/, ��.�^QH|EU. R<, �L LPBDyv�bQ�)?�DK%EUt�.k����. �)?�Q�[K%EU3�93|yv*m[3|Q�BR�, p3#/#(*3|Qzj.�; r
V>7�r��.#/#(*3|zj���, m[�B3{BaV>7�rVVQMc>D|!{+�b. <~, -2
3|?�i1�laV>7
V, O{BBbU$?��)4�bxQ>7EU. )C,

LPBDyv=/�7vk�5t�xKH|%v,DtdH|(8�.O��,OKQ�)?��.k��q�E1XjS+[.8\T:m��f. pd|V
/�nqVVQi��n2Sd�F�uQ�)?�E1�.f�Q��. ADG [=�9�pe��Qi��, 	��~�n�5 (IO) i�|V��~��i�|V�#/i�|V�D�~aEi�|VSGl.�~��i�3�~ IO i��[8\, G1>D
Æ�<. YN[`4��#D�
�[tQ���; r/N<�$���~nqQ�n�52�, ^�.in�. <~, i,���#, R-.�h��#8����#, D�
��tf�SUJ��O��n1��5Q�#�9�, O�[nRvSdMm�# IO ��Q�)$Æ{(.(.
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ADG [=;#N+,.#/<&�Æ:#�D,.|!K%aQ IO ��, �}zjZ�K%, �pdOK4�#/Æ:#�Q{d IO ��.

ADG[=8;#n�~Q4�i�}P}?s*aEA%, �{dD,�~Q��i�|V, �%v�..(Qn�� 2�.<~, ADG [=;#c|#/i�|V, �td|,;/�ai�/�nqQi�#(�k�, O.l2(2|V*$Æ���C�Y?�.)C, ADG [=8�.�cQ|V�~aEi�*&�aEi�QH�.4�(Æc�Ki. ADG[=td|,Q�)?�E1*�)$ÆE1�..[Qk�4Q2[. ;(, �)?�
|J�#c��m[K%�aVgd_'��)?�f_*�~�MS�!|.

ADG [="(�p4E1�b, �)/�aQgd�#*=Æ/�#�H|K%7��J��b, �._WQ/�k�. H|E1
2$;?�ÆyQk�*~� (m��*o#2���~ujS), F=7�K7��k�Kk�QH|�b.DT![<��J9, ADG [=nH|gd"bXF_'9�, �ZT=On�`gdK%�5�.AB��, G��'kNU$Æk!.

4. �[ANLj�!2-S
LPBD %v* IO i�|V� ADG [=�bQ"��[J�. YNH.uWbU�)?�Q>7�r, /N.l26��)?�E1Qu,*d
$Æ/�Q�
�.

4.1. �n	spd�6X�mY,�, �)?�Q_��=7�K7��k�Kk�QH|�b#/; r;/�a4�{g�K%nq (�A���Y7��i��jQ/�?�) D}H|A%~f���5Rn$M_Q=/Y. �~>7yv;#�_A�;/��<, ��<
>;/�a,.{g�K%nqQ=/Y, rD “t]rt” Q�)gdK%#/ai :�i$M_Q=/Y.D{6Q`�], ;/�a4�K%nq}�)gdK%VYf��_r�>7, F�)?�a
>=/Y,�QqC>7�r*;/�Q�[A%#,S�!

LPBD %va��/�nq3|J�[&{t/��JQ �z-, �{t/��J}�)?��bQ=ÆFM,BBbU�)?�Q>7�r. DNd [12]aT=, "( LPBD%vOKQ�)?�D�[K%#*>7�ry:<~�.k�<3|zjQ���.A 1 ��$��% 4 �=ÆK%F: (EXP1∼EXP4) Q/�nqQ�)?�Q�b#/, Ra|�y�J�~>7yv, 0�y�J{t/��J|myv. ��/�nq�{t/��J3|V/, /�pDH�m[9Q=/Y{Y��
>. rD4� LPB G!, H"b�~>7Qyv��b|!Q�)gdK%. ��t, �< LPB VVQ�)gdK%#/�i1h�Q, "r.7VVD,|!Q�)gdK%Q>7
V��
�l, O�"({t/��J|myv,�QqC>7�riH2,. LPBQ=/Y>7�r*�� LPB�)�bQ|!>7�r. `e, "(�~>7yv�bQ�)?�H���pQqC>7�r.
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B 1 ��?8zw+ LPBD &wR�c<�
4.2. IO m��f��t, D LPBD %vQm[K%hl, �� LPB a\.O�Q�#Q=/YQ
>���Q, F.�.�n��, <~DHYm[V/Q]Na
fy�Y. ";Sd|V4��
LPB a4��#|!Q�n�5��, GGH��9�)?�a���Q>7�r.<~, D�)/�Q$Æ#/a, Q7��n�.�< IO ��Q�#}�<Q9�. �m, m!���#�.�n�5��, H��D\g�?�X�V/�)?�X�VY:���#Q=/Y; m!���#�.�n��, H�D�)?�X�VYnRH|gd_', SS. �Za, ���#Q IO ��|VQ@Ua�HWg'kK$Æk!Q�
�. DOe`�], Q7�Wga��#
J�.�n�5��.�#Q IO ���;#�<|V�#Q#(*�Y#/�OK. O�, �#Q IO ��	��n�� (IN)��5�� (OUT) *�n�5�� (IN OUT). 2�W,J$K%*o]�bQy�, IRLU IO �� (UNKNOWN). ���#Q IO ���.|!�, F���#D��/�lGQ IO ��b�2�/�lG,.M_Q IO ��, �^��;#�<K%OK.�9W, �L��QA%�H, =/�lU[KHYM_Q IO ���;#K%tNK%OK
IO ��*HYM_Q IO ��OK. 2�W, m!���#DK%]HYM_Q IO ����5<�n�5��, D2R{d IO ��{��5<�n�5��.D���PQ$(/�a, �w2�7vbqQA(�H��# IO ��Q|V�OiH�C, {]
Æ��H;#x/|VQy�OK. D��]}Q FORTRAN /�a, /�gÆ;(.qe�by�, FÆ:#����(��~*N]ix. ;(, Æ:#��Q IO����;#� 1 QA%�HXFA%OK. n2N]ixQ`�, ��O�XF9�, FH���#=��N]i/x�~~, RHYQ IO ��{�
J�n/�5��.�(��#DG>a�.F�Q>7
V, ��
��<p�#/<&�an$Q�(��##(*�x. /�aQ�(�#Q�(�ft-,Æw�N+*:�RHYM_Q=/Y{YGG{(�E. ";, pd|V�(��#Q IO ���.f���.
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X

X
X

X
X

X
X

X
X

X
X

uO IO �� IZ IO ��
UNKNOWN IN OUT IN OUT

UNKNOWN UNKNOWN IN OUT IN OUT

IN IN IN IN OUT IN OUT

OUT OUT OUT OUT OUT

IN OUT IN OUT IN OUT IN OUT IN OUTm!���(�#DHY#/
(}|! (<aV) �#*�5�#, �#/Gi,HYM_Q IO ����;#XFQ|!K%OK. G�, m!���(�#DHY#/
(}�n�#, rHYM_Q�YRv|V5�D/�A�Q “,~”“,9” 
�YQ, D2.Ex/W|V5RHYM_Q IO ��. n;�)Nn50-.

5. V�Px5%Q7�($q�9[�$Æ XIAMEN /�Q+4u!, |�J CH3F, GeI * F2. �9$ÆGl	��)?�QSd��4jQK%uj*~VEU. O�, Q7�_�5 CH3F a�)?�Sd�Q$Æk!m]:

〈∇FdX,∇FdX〉 = 3.5486430314196× 10−13

〈dX,∇T F∇FdX〉 = 3.5486430314197× 10−13� 2 a&G���/Y#
C>'U_�'}zw ]h�@� �*@�
-8.372068538811218E-4 -8.372501370376100E-4 -8.372501370376100E-4

1.921470537381989E-4 1.921725470010771E-4 1.921725469981574E-4

-2.681536177305398E-4 -2.680624679969122E-4 -2.680624679863531E-4

-6.897774261071955E-4 -6.896195883214099E-4 -6.896195883213525E-4

2.285359110402621E-5 2.270559742805618E-5 2.270559743318327E-5

3.462103247121377E-4 3.461801309012288E-4 3.461801309045601E-4

6.822754144720780E-5 6.842246780040918E-5 6.842246780481892E-5g]�Q7	G GeI 9[�$Æ�)?�QK%uj. Q7	b$X�<aEaY 7 ��M�#QJ�Y��f, Rk!|�;#.e&|, \g�?��D�)?�K%OK, m� 2. Ra�(.e&|yvQk!�;# 20 <Qf�K%, PV�m��gdQBt, �h�	bk!a{gs\g�?�K%k!Q��. ��	5, �("eH|?�OKQJ�=Æis. r�(.e&|yvOKQk!(ew#$p<x�K%, {p�pOK 3 M.u�vQuj.
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F2 7 5.950 0.500 13.25

GeI 220 1602 23.50 68.16

CH3F 205 1498 21.91 68.35� 4 ��
t�|)o$�N\�R�C <0��W ,50�W yS$�
F2 7 6.370 0.870 7.349

GeI 220 1628 50.04 32.54

CH3F 205 1518 42.04 36.10{/Q7�5$�)?�K%4jQR#��DR�/�Q+4u!. A�7yJ�j
6800 [=, ,./��JF CPU. CPU })J�3 64 M, � W� Intel Fortran. � 3 *�
4|�Jq�9[aK%4j*R�/�A�Q~V. Ra/"�$(-2�M[�fp,";D4jK%aOK$��Q+4u!. r=R�/�Qej	R#�H.,]b, G+4u!je`k.

6. 5��?�U:=Q.e&|yv�, A(tdH|yvK%&�J�R-�DK%~V�K%uj8�D>7�rSy:f�..BQ+?�. ADG[=Q�(�O�)?��tQEUBBQbU. �)?��taQ7�($"��[J�: LPBD %vBBbU$�)?�Q>7�r; IO ��|VH
T�)?�Qu,*Sd�.=�Y$Æk!�	,�(tdH|yv+4/Q XIAMEN /�OK$`kQ+4u!.� ; e k
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