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ABSTRACT

The purpose of this work was to test variational princ-
iples which have been claimed to be useful for obtaining
wavefunctions of ground states and excited state§. To this
end a series of computer routines has been developed to
test these methods for any closed-or open- shell atomic
state for up to ten electrons occupying s, p- or d-orbitals.
The approximate wavefunction consists of a single config-
uration. This single configuration Is a fully symmetrized
sum of slators. Each slator in its turn is expanded as a
sum of Slater-type orbital functions. To obtain a self-
consistent wavefunction from a starting wavefunction
the approach of Hinze and Roothaan to compute corrections
to the starting vector Is used. The SCF-wavefunctions are
used to compute some expectation values related to physical
properties.

The variational principles Involve the calculation of
the expectation value <H > which turns out to be a computer-
time consuming process. The results show that the comput-
ation of this expectation value becomes impractical
for larger electronic systems.

The results furthermore confirm that the minimization
of delta and delta-tilde leads to wavefunctions which are
not useful in computing any physical properties of the

state under consideration. The C"/K and é't/A methods lead to



nearly identical wavefunctions. These wavefunctions show

the maximum overlap with the "true' wavefunction in cases

where correlation is of minor Importance. 1 f the cor-
relation 1is of major importance then the theoretically
expected result is not obtalned. If this finding is

found to hold true in general then one might employ this
method in testing how well a certain wavefunction
incorporates correlation effects. It is hoped that the
prosgrammes written and the results obtained might serve as
a basis for exploring further the nature of excited states
and ultimately might lead to to the prediction of physical

properties of excited and ground states.
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1. THEORY,
One of the fundamental theorems of quantum mechanics
states that each conservative system, f.e. a system whose
energy is a constant of the motion, can be represented by

the time Independent Schroedinger Equation
HY = gV (1-1)

Although the wavefunctlion ¥ Is not a physical observ-

able, It can be used to derlve the physical observables of

the system by the relatlion
B> =i YRV av}/i ¥ ¥avs (1-2)

where <A> Is the mean value of the 1inear operator A which
Is assoclated with the dynamical variable 3 according to
the postulates of quantum mechanics. This Property of the
wavefunction has made Its determination one of the prime
problems in theoretical physles and chemistry,

The solution of the Schroedinger Equation (1-1) in
analytical form is possible only in a few cases that can be
Separated into one-dimensional problems. For any more
compllicated system one has to resort to approximate

methods.

The two most Important methods of approximation are



the perturbatlonal and the vartational treatments. In
perturbatlon theory one assumes that the Hamiltonlian of the

system can be separated into two parts
H = H° + H" (1-3)

For H® a solution of the schroedinger Equation is known, H*
adds a small perturbatlon.

The variational treatment IS derived from the cal-
culus of variations which states in a theorem, that the
necessary condition for a function f with continuous first
partial derivatives to attaln a stationary value [Is that
the first varliation Jdf vanishes for arbitrary changes d'x;
in the 1independent variables x;. The variational treatment
is more general since the solution of the Schroedinger
Equation need not be known for part of the Hamiltonian.

Any physical system can exist In several states, a SO~
called ground state where the system has attained the

lowest total energy, and so-called exclted states where

this is not the case. Exclited states play an important role

tn physlcs and chemistry, since their observation has
furnished us with a wealth of information about physical
systems. For example much of the knowledge of such

seemingly unrelated things as the composition of stars and

]



the structure of organic molecules has been obtained by
studying exclited states.

Exclted state wavefunctions could in principle be
obtained by varying a trial functlion 4) under the
constraint that it is orthogonal to all wavefunctions of
states of the same symmetry which 1le beneath it.
(By a theorem of group theory the function 1{is auto-
matically orthogonal to all wavefunctions of states which
belong to a different symmetry.) But this is generally
impractical since the theorem upon which the above
method s based holds rigorously only if the wavefunctions
of the lower states are exact.

Excited state wavefunctions could also be obtained by
using a theorem of MacDonald (32), applicable to the case
where the trial wavefunction |is a sum of linearly
independent functions, l.e. d)-Zc;E. The minimization of
the expectation value <4’)|H|4)> leads to an eigenvalue
problem Hc = ESc . The theorem states that the elgenvalues
E,, E,,E; , etc. are upper bounds to the true energies W ,W,,
Wy, etc.. Therefore the elgenvectors cy4,C;, €3 etc. can be
regarded as approximations to excited state wavefuntions.

Conslderable effort has been directed towards
obtaining wavefunctions of excited states without Imposing
the above mentioned constraint.

Of the nonvariational approaches to determine



lower bounds of eligenvalues the method of Lowdin (8), which
Is based upon perturbation theory, has recelived a great
deal of attention. The method applled to atoms treats the
term H* = 5il<j(1/rif) of the Hamiltonlan as the perturb-
atlion. Not only is It doubtful that for heavier atoms this
term is small enough to be treated as a perturbation, but
also the computation of the perturbed wavefunctions
involves the calculation of the expectation value of the
operator (H*)"*, which for any atom with more electrons
than Hellum 1leads to presently Intractable integrals, e.g.

for LI
(H®) ™ = (r'2ar'Sar2)/(rSar23ar/2ap’s ar’2ar??)

A different method for obtalining bounds, based upon
the Raylelgh=-Ritz varlatlional method, was suggested in 1934
by Weinstein (6).

I1f one consliders a functlon

A' = <pl(H-V)? |$> (1-4)

1 = <pIP>,

V an arbitrary constant

then one can show that for the true eigenvalue W, of H

lying closest to V the relatlonship



Vela yu 3 v -z
holds 1If W, is the only eigenvalue within the range. That Vv

which minimizes A ' Is V=E where E-<¢|Hl¢>, which leads to
E+{a 2w.% E -{a

Different ways of obtalning bounds on elgenvalues have
been proposed by Temple (24) and Kato (25) and they are
mentioned here for completeness only, since they have been
Investigated as a possible source of exclted state wave-
functions by Messmer and Birss (10) and have been found un-

satisfactory.

Fraga and Birss (9) have used Welnstein's bounds to
sSuggest a varlational procedure which could be wused tc
obtaln wavefunctions of excited states.

Messmer (1,10) employed an entirely different
approach to obtaln wavefunctions. Instead of wusing the
bounds of elgenvalues as a criterion for the "goodness" of

a wavefunction, he Investigated the quantity:

a, = <d>|"f;‘>, |¢> trial wavefunction;

I'¥%> exact wavefunction

This quantity describes the total overlap of the true with



the trial wavefunction. It can be shown that the minimiz-
atlon of A does not at all give the best approximation to
a Y. that can be obtalned from a given trial wavefunction,
if one uses the criterion of maximum a, . Messmer (1,10)
then developed a variational scheme for ground and excited
states which follows a reasoning of the goodness of approx-
imate wavefunctions In the ground state first given by
James and Coolidge (11)., Since the work done in this thesis
is based essentlally upon thls scheme the derivation glven
by Messmer (10) will be repeated in its maln parts.

Let 4) be an approximate normalized wavefunction and

E-<¢|H|¢> its assoclated energy. Also let
¢ = L fa. t.} = ak\l’,‘+z_l¢k{a,;"[‘¢3 (1-6)

then

b-a, %) =Zi¢k{ai7}_3 (1-7)

will give the deviation of d)from the exact function 7&. A

deviation function can then be defined,

d),- (1-a2)"*% ( -a, %) (1-8)

where a, = <"hl¢>. Hence one may write

$ = a Y+ a,d, (1-9)



where a, = (1 - a?)*? peasures the amount of the deviation

function ¢z which appears in 47. As criteria of the

in-
accuracy of ¢ there are :
Q, the root-mean-square error in <#
Q = <b- Y 1p-y>tr2 (1-10)

€ , the energy error

E=E - w, (1-11)

and V34 , the root-mean-square

a= <1 tv-grt 1gs172

local energy deviation

(1-12)
One may also define the quantitlies:
E, = < IHI1d> €x= E =W,
A~ <P, 1 (H-E)2 1b,>. (1-13)
If the Inequality
0 <<, 1[H-Er-(E,-E)]* 1$,> (1-14)

Is constdered and the integral is expanded In terms of the

above defined quantitles, one finds

0 << intidy> - 2E,E + E* - E} + 2E,E - E3, (1-15)



thus
< IH* 1, > - 2E,E + E* > EL - 2E,E + EZ.(1-16)
But the left hand st'de Is merely A4A,; hence

A, » (E, - BD%. (1-17)

From the definition of & and ¢ glven above, it can be

shown that
a a
(E,~-E)* = (&,-€) ; hence A_> (g, €N

Thus one may define a quantity K2,

2

K m {A/(EL,-6)3 > 1. (1-18)

Now substituting eqn (1-9) into eans (1-10,1-11,1-12) it

follows that

Q* = 2{1-a,3 = 2§{1-(1-a})*’*} (1-19)
g = 2:& (1-20)
A = £ + al(4,-€Y (1-21)

Eliminating a, between ean (1-19) and eaqan (1-20) one finds

Q® - (1/8)Q* = a% = £/€Ex (1-22)



or If 4) Is a fairly good approximation to % ., then
Q* ¥ gse, (1-23)

Eliminating a, between egn (1-20) and eqn (1-21) one

obtalns
A -&'f&'-'-(A'-é‘”)/{:‘,;} (1-24)

and assuming again that ¢>ls a falrly good approximation of

Y., It follows that

A/8, = E/6, or A ¥ EE_K2, (1-25)
Using eqns (1-23) and (1-25) one obtalns

Q* & (e%a)k>, (1-26)

Since K* > 1, one can approximately assume It to be
constant and equal to 1 and a minimization of Q% will then
Involve the minimization of £%/a.

A danger lles in the fact that K% could possess a cusp
at the point of maximum overlap of 4:with Y. But a study

of the flirst ten exclted states of hydrogen (12) has shown



10
that this Is not the case, but that k*

varylng function In the region where é—vy,‘i.

Lebeda

is a slowly

In a subsequent paper Cholt,

Defining the quantities

& = <}lIcH-w i1P>
A, = <, 1 (H-W_ )2 1>

(1-27)
It follows that
A/3, = <dlH-u_p |¢>/<¢,|(H-wk ¥ I1h,>
{2 m la, I* (W, -w,)* a3/
{Zm,«-k la,1® (W, =0 3 = a2 (1-28)
and hence one obtains
E/&, = /4, (1-29)
and therefore
1 = (&/6,)%€3,/4), (1-30)

Using the above relationships one may write
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al = €/, = (E*/R)*(A,/€5). (1-31)
Now defining K* = 3 /€ one may write

ai = (€*/3)R? (1-32)
which is analogous to egn (1-26) but Is an exact relation.
To make the connection between eqns (1-26) and (1-32) it is
necessary to assume that

B/, = /A, (1-33)
which Is true only In the 1imit

1im (474,) = (B/A): 1im E = W, (1-38)

(P—»ﬂ; ol

then using eqns (1-31) and (1-33) one may write

»

al = (E4A)(B,782) = (&) A/ [EL-E1?) (1-35)
or -

a} = (&*/4)k* (1-36)

where eqns (1-36) and (1-26) are the same. Another advant-
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age of eqn (1-32) can be seen from the following consider-

atlions. If the inequality
0 £ < ILCH-w ) -C(E-w ] * 14> (1-37)

Is written in terms of the previously defined quantities

one obtalns

A, » €* (1-38)

or
1 <R* = B,/¢2. (1-39)

Using the above relation one can see from eqn (1-32)
al = 1-a} » gYA. (1-40)

This lower bound was flrst derived by James and Coolidge

(11).

Let us define a W, as the elgenvalue closest to We 2
since the case of degenerate elgenvalues 1Is not considered

here, W} # W, then
4, = <¢-¢' (H-w,)? |¢$>

-2 2 2
= ay Zm#k Ta 0" (Whew_ )
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and therefore
A,y a;"Zm#k laml (Wi, )® = (Wi-w,)?

or
A, » (wi-w)? (1-41)

From eqns (1-28) and (1-41) 1t follows that

ay =A/A, < A/Wi-w >, (1-42)

x

Combining this result with eaqn (1-40) we obtaln

E1E ¢ ar & A/i-w ). (1-43)

From the foregoing discusslion one can derive vartat-
lonal schemes which will have different properties and wil}
approximate the wavefunction In different parts of the
confliguration space.

1. MINIMIZATION OF E = <hiHidp>.

In general this can only be done, as outlined In the
beginning, for the lowest states of a given symmetry. As
discussed by Goodisman (13), James and Coolidge (11), this

method will minimize "long range errors'.
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2. MINIMIZATION OF A OR A .

This method can be used for exclited states as well as
ground states. In minimizing A or A the '"local energy
error" Is minimized (11). The expressions "long range" and
"short range" errors, which have been adapted from James
and Coolidge (11), warrant some explanation. 1 one
considers the expectation values to be minimized, e.g.

<H> = <IHIP> and A = <Pi(H-E)* 1>
and looks at the expanded form of the atomic Hamiltonlan

(see chapter 11) then
<H> = <¢|[Zt (-1/2)v‘.‘-2/r‘1+z_r<j £1/r% 7>
<H*> = <c]>|[zl (-1/2)93-z/r¢]12

Z—rq il (-1/2)v7-2/r<1 2 [(-1/2)V2-2/+i]}

+

Zl<j<k 0 C-1/72)V-z/r¢ 12l 1/ P04 Y1/ r il e S 1/ Fin1}

+

Zl<j<k<l L 1/7eS3 T2 (1/r 151>,

+

Intuitively one can see that in the expression for A an
error In the expectation value of <1/r**> will contribute
much more than 1Is the case for <H>. Since <1/r 2> will be

large when the electrons are close together ("short range')
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and small when they are far apart ("long range"), the
wavefunctions obtained by the two different methods wi11
therefore reflect this relative importance of <1/r *2>,
Thus, by minimizing E,A or A, a wavefunction is obtalned
which has the minimum error in certaln regions of config-
uration SPace, rather than the minimum error over the whole
of conflguration space,.

3. MINIMIZATION OF £'/A OR &YA.

These methods are suitable for ground states and
excited states. Both methods wi1ll provide wavefunctions
which show the best overall convergence to the true wave-
function In all parts of configuration space. In the E’AE
minimization, one has also to Insure that A /w, -wH2
remains 'reasonabily" small to guarantee that ¢> approaches
ﬂ; in a 1least mean-square sense. The smallness of 25/(wk -
w;)‘ Is of great concern and It has to be declided from
particular case to particular case If this criterion is met.
In this work a1} methods are used to approximate various

wavefunctions of atoms of the first row of the perlodic

table,
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1. METHODS.
The objective of thils work Is to find wavefunctions
of atoms by minimizing the following quantitles:
1) <H>
2) <(H-E)*>
3) <(H-W,)?>
4) <H=W >* /<(H=W_)*>
5) <H=-W_ >* /<(H=-E)*>
Under varlation all of these methods lead to the same
type of equation
dH> + wdcH2> = 0 (2-1)
with:
1) w =20
2) = -1/2E
3) w = =1/2W,
L) w = —€/2(A+W_E)
5) w = -€/2(A+EC)
For example:
0 = J(eYA) = § (demA-<"JBy/A*
0 = 2eAde- e2d{<H*>-2W <H>+W2 )
= (238/e)J<H>= JeH> ¢+ 2w J<n>
= J<H> {(2A+2W e) /€3 - JIHA>
= JKH> + §-€/2(B+W _e)}d<Hr>
Therefore the problem reduces to finding expressions

for <RH> a

nd

cJ<H2> and combining them 1in a sultable
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fashion.

The nonrelatlivistic Hamiltontan In atomie units (unit
of length H*/m,e* = 0,52917+10-7 em, unit of energy e*/a, =

27.210 eV, fizsmenmex=] a.u.) Is given by
H = ZI £(-1/2)V" «z/r¢y & Zl<j {1/r<§ (2-2)

In terms of 1- and 2-electron operators this 1Is

rewritten as
Ho= 2y $he} + Zl<j f1/r¢i (2-3)

From this one obtains In a straightforward manner the
expression for the squared Hamiltonlan, ordered In 1-,2-,3-,

and 4~electron contributions:

H2 = D § {hi} (2-4)
+ 21<5 {2hhienic1y i I+ (1P Yh<e(1/rsi )]
+ 2 1<j<k 2§h(1/ri%ehic1/rieyantclyr )
+<1/r*‘i)u/r:‘k)ﬂl/r““)cl/r~i)+(1/r~~')(1/r~u‘)}
+ Z:l<j<k<l 2{(1/r‘Y)(1/r“')+(1/r‘“)(1/rJ‘)+(1/r")(1/rf“L}

Substituting the expression for <H> and <H?*> obtained
fromOthe orbital approximation Into (2-1) leads to the very

well known formalism of the Self Consistent Fileld (SCF)
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theory (15), which Is dealt with In chapter i,

The only real problem which had to be solved was the

formulation of the <H‘>-expresslon, slnce It contalns 3=

and 4-electron parts, the contributions of which had not

been fully dealt with {n the literature, Fraga and Birss

(9) give a general expression for A, but they do not state

how the different coeffliclents they introduce In this

expression can be obtalned.
Since it was intended to wrjite a Program of general
appllcabtllty and no obvious way could be seen to find

expressions for these coefflclents in the general case, a

different route was followed.

The expression for the eéxpectatlion values of any

operator 0 Is given by «$l01¢». The wavefunction P s

expanded as g sum of slators (slator-slater determlnant),

such that this sum s an elgenfunction of the orbital

angular momentum operator L2 and the spin angular momen tum

operator S*, Therefore:
P =2 igapey (2-5)
and the expectation value Is rewritten as

<0> -Za1a3<z)’lolo’> (2-6)
I3
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The evaluation of the expression <DT|0|D?> for 1- and
2-electron operators has been extenslvely dealt with in the
literature (e.g.16). The evaluation of the 3- and 4-electron
pParts Is more complex (see appendlx 1), but can be coded
for an electronic computer. To find the coefficlients aI p
ean(2-1), a method first suggested by Harris and Schaeffer

(17) has been used (appendix 111y,

The expression to be varted can be expressed as

<0> = (21+1)" (2s+1)"' 2—s>,ms>,-s Z 12mlz-1
<ptm1 3ms) 10 1tm1 ;ms)> (2-7)

<0> = <¢Kml=l;ms.s)lOM#(ml-l;ms-s)) (2-8)

which glve the Same expectation value.

Imposing the equivalence restriction should assure
that expression (2-8) and (2-9) yleld the same wavefunction.
This has found to be the case for Be 1s* 2s 2p P ang Be
1s? 2p* 1p and slnce the expression (2-8) reduces
considerably the amount of computation, a11 expressions to
be varled have been expressed for the highest mi- and
ms-value only,

As Is well known (15,18,19) the matrix of the
Lagrangtan multipllers Iﬁ an open shell case cannot be

brought into diagonal form by a suitable unitary trans-
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formation. To remove this dffflculty, various forms of

coupling operators have been Introduced (15,18,19).
A different approach has been chosen by Hinze and

Roothaan (21), where In each fterative Step a correctlon to

the Fock matrices is computed. Prellmlnary Studles

showed that the formalism of Hinze and Roothaan was

numerically more stable and
coupling operator method. Therefore this method was

converged faster than the

chosen

In preference over the coupl ing operator method. The

extension of the Hinze-Roothaan formalism to include 3- and

b-electron operators s dealt with In appendix v,

To conclude this chapter It iIs appropriate to

consider a more mundane aspect: the economics of a computat-

fenal process Involving <H2> varliation usling the Hinze-

Roothaan formalism, 1f one employs the Roothaan-expanslon

method (15) to approximate wavefunctlions, then the

computation of the 3- and bh-electron operator matrlces

requires summations of the order né¢ and n?, where n Is the

number of basis functions employed,
The number of these summatlons could in principle be

reduced by computing only those matrix elements that cannot

be obtained by an exchange of Indlces from an already

computed matrix element. But this proves In general to be

very difficult (see appendix 1) and therefore the maximum

number of summations must usually be carried out. Since the

]
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correction matrices iIn the Hinze-Roothaan formal tsm requlre
at least the same amount of computation as the Fock
matrices, whereas the coupling operators can be computed
by combining the Fock matrices (a relatively short and fast
Process), It might be worthwhile to trade the fewer
Iterations of the Hinze-Roothaan method for more, but
faster Iterations employling the coupling operator method,
Since this work was not concerned with @ mass production of
wavefunctions, but rather with the exploratlon of various
varfational schemes, no attempt has been made to shorten

the computational process to Its lowest limit,
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111. THE MATHEMATICAL DEVELOPMENT
The wavefunction Yof an atomic state with N electrons
of multiplicity il T P written as a 1linear combination
of slators (to facllitate the understanding of the
following development an expllicit example is given in

appendix V):

Y(2s+1:1) = Zaf DT (3-1)
I
where
N
pt =AJ“id)(l;j) (3-2)
and
C(135) = n% 1 m1} ms% (3-3)

expresses that the orbltalt#(l;j) Is the j-th orbital in

the stlator DI with the assoclated quantum numbers qf [f m[f
msI ,
J
The antisymmetrizer A Is given by

A = (Np)~172 Z(-n"p (3-14)
P

P is0a permutation operator belongling to S,, (n=N) and (-1)°
is Its assoclated parity. The summation runs over all the
permutations of the group Swe Sn Is the symmetric group of
order n (for more details see ref. 23),

The slators are composed of orthonormal orbitals and
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therefore

bC1:5r1dea;rr> =150 1015 591 005k
Cfml(l;j)ml(J:k)cfms(l;j)ms(d;k) (3-5)

holds. The coefflclents af depend on the case In question
and are determined as outlined In chapter 11 and append]x

From here on it will be understood that the discussion

refers only to the state with the multiplictty B and

therefore the superscript **| w111 pe dropped,

The expectation value of any operator 0 is gilven by:
<0> -Za"—a’(DIlOIDJ) (3-6)
o

Substltutlng the explicit expression of the slator,

eqn (3-2), Into eqn (3-6) and using the relattfonship (-1,

1) yields:

N N
<0> = Za‘a’q‘cc#(l;j)lolZ(-n’ PTGCUsK)> (3-7)
I Jet P Kt

(3-8)

0 -ZO’(D) + ZO‘(p,q) +* Z-O’(r:a,q,r') + ZO'(p,q,r,s)
P

P P PRTs

]
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We now substitute eqn (3-8) Into eqn (3-7) and
rearrange DI and D? to “"max Imum match", that ts, if orbital
dKl;j) occurs at all in pD? » then It will occur in the same

position of 'p° as<#(l;j) occurs In DY, Thus we obtaln:
<0> = Zl,d a‘a°;z«bu;n|o=|¢(a;n>*VN-1
+;<¢(l;l)(t(l;j)lO’*lZ(-l)'Pé(d;l)(ﬁ(d;j))*VN—Z

. Z.«;S(l;nqS(l:j)an;k)loalZ(-1)'Pc;&w;ncb(u;jx{)(a;k»

(.'<J'< &
*VUN-3

. 2<¢u;n¢(;j>4u;k>¢u;n|

&j««e

10%) Z(-n’ PP 130U 5P k)PCIs1)> Tn-13
(3-9)

The summation of the Ppermutation operators runs over
all elements of 82,53,54,for 2-,3~-,h4-electron operators,

respectively.
The symbol ‘7N-l has the meanling

= 0 If the two slators are not fdentical in the

N-1 orbitals not shown In the Integral

= 1 otherwise
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Expression (3-9) s formidabile looking and not easily
handled. one can simplify matters considerably if one
rewrltes the expression for <0> as 4 sum over non-zero
Integrals by carrying out all the Permutations and then

lntegratlng over the spinfunctions. Thls leads to:

<0> = Zl-l, 1* L1 13 10t 1942; 13 >#Ac]
+ 25-1, 1L <efa;5y CL2:5v 102 1903; 53 Plu: iz >wBi]
+ Zk=1, 3 <L kG P (25 K3 PLB:kF10% 19013 PI5:1 PL6:K3>2c"]
+ =1, %

*[<eg1;51y FR:7P(3:1) Plu:1y 0¥ $I5:0 Pf6:15 Pf7:13 PE8:1) >apel
(3-10)

Ac ,Bi Y ,D'mare constants obtalned by summing the
variouso0 contributions az57 from eqn(3-9), l‘,l‘,l‘,l’ are
the number of non-zero 1-, 2-, 3. and b4-electron integrals
respectively, The L are SPace-orbitals not Including the
splin and

f1:1) = nt1tm?
denote the Space quantum numbers of the 1l-st orbital of the

i=-th Integrail,
The advantage of éxpression (3-10) over other form-

ulations |s:

——
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1) it Is completely general and holds for any state
whatsoever. One obtalns such an expression regardless of
averaging over an subspecles of a Symmetry or just taking

Into account one particular Subspeciles,

2) It Is easily obtalned by a Programmed procedure for
an electronijc computer,

Followfng the conventional formalism of the Roothaan
expansion method, each orbital s expanded in g3 set of

basiso functlons, which are in our case Slater-type-orbltals
(ST0),

P17 = Z:c(n‘,l‘;l;p)*X(l‘,ml‘;l;p)

with

Xt mi4;1;0) o popa CETTANCNL R )R Y (1<, 2
N(n. »,.) Is a normalization constant

Y12, mi%:¢) Is the spherical harmonic assocliated with the
orbital @4 1; 13

N Rpe are constants for each particular baslis,
Ne Is an Integer and
Ne Is a constant called the "orbltal-exponenf

which can be obtained by optimlzation
Procedures or arpllcatlon of rules such as

the Slater rules (see ref, 27).
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1t is worthwhite noticing that the expansion coef-

flclents do not depend on the ml-quantum numbep, This recog-

that the degenerate set differsg only n the angulapr

nizes
part (see ref, 1s5),

Since we are using a single conflguration approach,

each slator g éxpressed as a set of orbitals that agree |n

the n- and l-quantum nNumbers, Any set of n- and l-quantum

Numbers occurring In one slator must occur in any other

slator. (Expresslon (3-10) holds also for the multf-

conf!guratlon case, byt the Followlng argument hag to be

sllghtly modifled to Include multlconf'gurat!on formui -

atlon),
The expansion coefffclents depend
. Therefore, the expression (3-10> vields

only upon the n- and

l-quantum numbers

the €Xpanded form (3-11):

<0> = Zjl-l,l‘ A P,q {c(n,l:l,p)c(n,lzr,q)
<ZYn,m!;l,p)lO’lZ(n,ml':t,q))}
* Lj=1,2 i Zp,q,r,s {c(n‘,l‘;J‘,p)c(n‘,l‘;J,q)
Jor)ec(n2, l":J;s)*(Z(l‘,ml’:J,D)Z(l‘,ml‘;j,r)lO‘l

-

lZ(l‘,ml";j,q)K(l‘,ml";J,s)>}

+ Z-k-l,l' C"Z?p,q,r,s,t,u {c(n‘,l‘;k,p)c(n‘;l‘;k,q)
;k,s)c(n’,l*;k,t)c(n’,!’;k,u)

c(n‘,l*:

c(n’,l‘;k,r)c(n"',l't
<¥(1*,m ’;k,p)zu-‘,ml “;k,r)x(l",ml‘ sk, t)po3

—
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Y@, nlitik,q) Y1z, m1z 05k ,s)X (13,0130 3k, 0)>)

*-§:l=1.1‘ DL P,AsCeSete0 VeV {c(n1,1131,p)c(nt,11:2,D)
c(nz,lz;l,r)c(nz,lz;l,s)c(n3,l3:1,t)
c(n3,13:1,u)c(n*,l*:l,v)c(n*,l*:l,u)
(X(ll ym11 ;1,p)X(12,m12;l,r)X(l3,ml3:1,t)X(l“,m1°;l,v) 1041
X(r2,m12¢ ;1,9)3((12,“2-;1,s)x(13,m1=-;1,u)x(1~,m1u ;1,¥%) >}

(3-11)

The permutation symbol inaicates that the basis funct-
jons of the ket  must be permuted tefore the integration is
carried out. The prime on +he ml-guantum numbers in the ket
jndicates that they might be different from the ml-guantun
nurbers in the tra.

g0 facilitate the writing of expressions ve introduce

Ly ' Kc >2RFR) CPG;TS;W
. 1 3 3
St P Ngx 5= 3~
(53; Pé)(}p,q;r;s) { c R*® R? B'TF,’J‘{C pa;TS;LU v W)
)y gc‘ Sc 3: Sz

where for exargle

TIP(pa,Ts) <y13mlixl§mﬁ\oz\6)meLZXSm§>.
Jsis P e e

with analogous definitions for the cther symbols.



TO miniwize the expectatxonvalue <o> one subjects the
ofhitals to @& variation and introauces the otthcnormality
consttaint
’ wl EE;\ m = CS‘ |
-, — (;1, - “s.“ﬁ- (3"‘12)
"and one optains the well xncwn set of Harttee—?ock
equatious:
. F nl L
' cot = Z_ S Cn‘\en\;ﬂ\ (3-13)
~ ~ wel = ~ —~
where s(nl-n'l) is the matrix of thre Laqtangian multiplie:s
syen bY equatlon (3—1&).

and the ?—matrix is



LIS I . o
qu N %‘ HLHSE df:tn Cfl::,l.
z BJ Z[C"’lJCT‘ Ld;, nC(L+C“ L,C ,L, lL]J RFR(PAT
J
3
Z' C Z Z[Cnd«cn“[ C{‘*“C"““Cr dl‘l

F ML N AL AL : W el -0l
crtcatectecn l“d;‘.n Cfl:v: CRlxCobeeb ol Cf,ﬁn Cfm]

X CR#RFR CPG;TS;tW
$* 513

y L S
+ Nl eNele A2l N3 ~1t 1% ~nb Y
Z*D Z T,Zu %[Cr‘ (R CReCTE i ert e oy
~ 1)1 19t 3.3 L4
3 Cpe lccgcl-c C%{Lec’nglr C“f Ce C“v L'C,; n dLl.

~ {8 ‘¢ 2.1 2.2 LR |
% C?-‘I‘CE’L'C?_A’ CE:QCE( uc;\}dd,;nc&

N 141 s 22 3y
¥ C;‘llecgc e C'}E:ltcﬂcl: Cvtl e le,;:.n dl;l.]

CR*R*R A Cpayr, SJ'{,U;VW)

X 2 ;'\- 4 -
g: S( 3: SC (3 ]4)
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The addition symbol ¥ used In ean (3-14) signifies
that each of the expansion coeffficlent products in pre-
ceeding square brackets 1Is assoclated with a dilfferent
ordering of superscripts on the integral symbols,

The above equatlons are used In the conventlonal SCF
lterative procedure until self-consistency Iis obtalined.
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IV. RESULTS AND DISCUSS1ION.

iv.1l. The possibilities of the program.

The program was set up with the aim of providing the
highest flexibility and generallty possible. Since the
computer is of finlte size, certain limits have to be
defined from the beginning. These limits were chosen so as
to compromise between computer efficlency and desired gener-
ality. The program In Its present form handles only single
configurations, but It should not prove too difficult
to reformulate certaln parts of the program to iInclude
the multiconfiguration case.

It was felt that the Russel-Saunders coupling does
not describe the true state of open shells of many
electrons and therefore an arbltrary maximum of ten
electron systems was chosen. This 1imit seemed also to be
sensible for the reason that it allows complete coverage
the first row of the periodlic system of elements.

Another cholice had to made with respect to the max [ mum
number of slators admissible. Agaln an arbitrary maximum,
this time of up to 52 slators, was chosen after some
experimentation and considerations of the findings of
Harris and Schaeffer (17). In all of the work carried out

these 1imits were never approached and it Is felt that they
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actually could be lowered.

For computational purposes a selection was made of the
orbitals admissible 1In the conflgurations to be computed.
This selection could be easily extended If the need should
arise and Is In the current form of the program:

s-orbltals: 1s 2s 3s 4s
p-orbitals: 2p 3p 4p 5p
d-orbi tals: 3d &4d

A more severe restriction Is Imposed upon the number
of basls functions by the finite size and flnite speed of
the computer. If one stores the 3-electron Integrals in a
6-dimensional array then one uses né 8-byte storage
locations which means 125 kilo bytes (K) for five basis-
functions and 373 K for six basis functions and 2097 K for
elght basis-functions. (In this chapter confusion might
arise over the meaning of the word 'Iintegral'. The word
Integral 1Is used In two different ways: the first way It iIs
used denotes Integrals over orbitals, the second way It is
used Is the description of Integrals over Slater type
functions. To avoid misunderstanding, the first type will
be written 1In caplital letters, l.e. INTEGRAL whereas the
second type will be written In lower case 1letters.)
The reduction of the number of storage 1locatlons was
attempted by storing only the dlistinctly different

integrals, but this proved to be a very computer-
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time consuming and elaborate process, since the number of
distinct Integrals depends upon the operator P In expres-
sion (3-9) and a different routine would have to be written
for each case. On the other hand work by Roothaan
and Bagus (26) has shown that for the first row elements an
optimized set of flive s-basis functions suffices to give an
adequate SCF-wavefunction. This finding together with the
above mentioned difficulty has led to a 1imi tation of a
maximum number of flive expansion functions. To alter this
1imit the structure of the whole program, especially the
part where the 3-electron matrices are set up, would need
to be changed. It Is felt that at the present moment such a
change 1Is not necessary. To obtain the best possible wave-
function, with the 1imited bases set, a routine has been
set up which allows optimization of the orbltal exponents
of each expansion function following the "brute force"
method suggested by Roothaan and Bagus (26). This optimiz-
ation routine allows the exponents to be optimized with

respect to the various quantities being minimized.
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v, 2. An overview of the states for which

calculations have been undertaken.

During the development of the program a variety of
states have been computed. Not all the calculations will be
discussed In detall. Elther the results for these states
have been obtalned previously or a detalled discussion of
these states would not add considerably to an under-~
standing or thelr methods employed and of the character-
Istics. Table (1V-1) 1ists all of the states for which
calculations have been carried out and for which a self-
conslstent wavefunction was obtained.

The symbols n,n and c(nl) in tables IV-2 to 1V-14 are

explained on page 26.



ATOM

He

Li

OVERVIEW OF CALCULATIONS

CONFI1GURATION

1s?
1s
1s
1s
1s
1s
2s

1s?

2s
3s
2p
3p
bp
2p

1s22s

1s?

1s?

3s

2p

1s*3p

1s22s2

1s®* 25+ 2p*

TABLE V-1

is
*s, s
*s, 3s
°p, 3p
4p, 3p
ip, 3p
ip

I

s
*s
p
2p
15

3p, 1s, 1D

<H>-minimization

STATE
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METHOD»

1,2,3,4,5
1, 4,5
4,5
1,2,3,4,5
1,2,3,4,5
2,3,4,5

[

1,2,3,4,5

1,2,3,4,5
2,3,4,5

1,2,3,4,5
2,5,4,5,6

1,2,3,4,5

1

<(H=E)*>-minimization (A-minimization)



<(H-WP* >-minimization (B-minimization)

€’/A-minimization
€'/A-minimization

t*€* +X ~minimization,

where t

is a parameter



38

v, 3. Computing times.

The most severe limitation of any variational method
Iinvolving the operator H*®* 1lies in the 1large amount of
computing time required. It should be well born In mind
that the following discussion of computing times in the
case of the ground state of Be is based upon the very
general program where not every possible way of shor tening
the execution time has been exploited. At the end of this
chapter an attempt Is made to calculate an upper limit
beyond which any variational method involving the H?*-
operator would become iImpractical with the currently
available computers.

The expectation value <H?> for the ground state of Be
1s*2s* 'S conslists of two l-electron operator INTEGRALS,
four 2-electron operator INTEGRALS, four 3-electron
operator INTEGRALS and three 4-electron operator INTEGRALS.
The s-orbitals are expanded Into five Slater-type-orbl tals
(STO). The computatlion of the l-electron operator matrices
does not consume more than 0.001% of the total computing
time (usually far 1less) and therefore their contribution
will be neglected. In each computation one has two
main parts:

a) The computatlon of the Integrals between STO's.

b) The computation of the matrix elements of the Fock



39

matrices using the computed lntegra]s between STO's.

Part a) 1Is only done once in each calculation,
part b) 1Is repeated untll self-consistency within a certain
degree of accuracy 1is obtalned. (With the 1IBM 360/67
computer at the Universlity of Alberta Computing Centre
10 ™™ 1ts the highest sensible accuracy which can be
obtained between two succesive iterations, but one usually
stops the calculation when an accuracy of 10-Y to 10-* has
been obtalned).

Since the wavefunction for Be can be approximated using
only s-orbltals, s-type STO Integrals only are computed.

For flive basls functions this requires the computation
of 54 = 625 (1/r ?), 625 (1/r'2) 2, 3%#625 (h2=1/r '2)
Iintegrals between STO's for the 2-electron operators and
6#5¢ = 93,750 (r 22y m)-2 and 3#5¢ «46,875 (h*wl/r 23)
Integrals between STO's for the 3-electron operators.
No Integrals between STO's for h-electron operators have to
be computed, since these Integrals can be obtajned by
multiplyling the appropriate (1/r *2) STO Integrals.

The computation of the 3125 2-electron operator
STO iIntegrals took 11.667 sec, the computatlon of the 140,
625 3-electron operator STO integrals consumed 1,068.171
sec. (A1l times are Central Processing Unit times.)

As a rule these Integrals are transferred from the

temporary magnetic disk storage to magnetic tape and can

—
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then be used 1In the calculation of different variatlional
schemes.

To set up the Fock matrices for 2-electron operators
one has to compute 8+25 matrix elements which Involves
bwh*625 summations. This step takes only 0.759 sec. In all
cases the computation of the 2-electron operator matrices
required usually a negligible amount of time.

The 3-electron operator matrices Involve a far
greater number of summations. For each INTEGRAL 5¢ = 15,625
summations are carried out. Since one has also to compute
the correction matrices of the Hinze-Roothaan formalism,
the total number of summations increases to 4»15%15,625 =
937,000 summatlions usling 33.565 sec.

The number of computations Increases sharply for the
b-electron operator matrices. For the three [INTEGRALS in
the present case it includes 3%28*5% = 32,812,500 summat-
lons using 1,314.394 sec.

With the present general program the minimization
of €°/& for the Be 1s!2s® S case employing five basis
functlions uses approximately 22 min per Iteration and an
additional 18 min to calculate the STO integrals. |If the
results of the computation uslng two basis functlions can be
extrapolated, four Iteratlons should suffice to achleve
convergence, which would yield an overall time of 106 min.

It Is felt that these requlrements upon the computing factil-
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itles are excessive.

How would one fare using all possible ways to cut down

the required time? As 1is clear from the foregolng

discusstion, not much wi1l1 be gained Improving the
computation of the 1- or 2-electron operator matrices. If
one abandons the Hinze-Roothaan formalilsm and uses

coupling operator methods, one would roughly diminish the
time for computing 3-electron operator matrices by a factor
of filve and Uu4-electron operator matrices by a factor of
seven, diminishing the total time for each tteration from
1349 sec to 195 sec. Further, computing only the necessary
elements would reduce the number of computations for the s-
type integrals 1In the Be ground state case from (n%*)® and
(nHY  to [n*(n+1)/2]3 and [n*(n+1)/2]Y, reducing the
computation time for the 3-electron operator matrices by a
factor of flve and of the U4=-electron operator matrices
by a factor of elght, decreasing the total for each
lteratlon to about 30 sec. Computing only those STO
Integrals that are unique, one would be able to cut the
computing time of the Integrals to about 9 min, and
the computation of the ground state of Be would requlire a
total of 11 min. This time seems to be the lower 1limit
which could be reached.

It 1Is Interesting to extrapolate these times to the

case of C 1s*2s*2p? 1§, The expression for <H2> in this
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confliguration consists of, other than the 1- and 2-electron
operator INTEGRALS, the 51 3-electron operator INTEGRALS
and 100 4-electron operator INTEGRALS. For this state one
should use flve basis functions for both the s- and
p-orbitals. One can roughly estimate that half of the
INTEGRALS would be highly symmetrical allowing the same
saving as 1In the case of Be 1s* 2s®*. The other half would
require n® and n? summations for the 3- and &L-electron
operator INTEGRALS respectively. Based upon these estimates
the 3-electron operator matrices would require 47 sec and
the h-electron operator matrices 2920 sec per Iteration.
Thus each jteration would approximately require 50 min.

A conclusion from the foregoing sectlons is that any
varfational principle using the <H?> expression Is Imprac-
tical with present day computer technology for systems

larger than Boron or Carbon.
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Iv.h Singly Excited States of Hellum

In order to test the program the 2P, ?P states of He
1s np n=2,3 and 4 were computed and the results compared
with the values obtained by Messmer (10). Since these
results are essentlially ldentical they are not listed here.

A 1little bit more complex Is the computation of the ?S
and ?S state for the He 1ls ns n=2,3 since two open shells
of the same symmetry are present. Tables 1V~-2 and 1V-3 show
the results of these computations. It should be noted
that the orbital exponents are not optimized but are
obtained by applying Slater's rules. The energy of these
states computed by Davidson (31) are closer to the exper-
Imental energy than those of tables I1V~-2 and 1V=-3, This

result s to be expected as dlscussed by Messmer (10).

]
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TABLE 1V-2

He !S-states € /A-minimization
CONFIGURATION 1ls 2s 1s 3s
EXP.ENERGY -2.14572 -2.06104
CALC.ENERGY -2.167767 -2.014324
<H2> 4.716966 4.068116
EPS!LON 0.022 0.047
DELTA 0.017751 0.01064
DELTA-TILDE 0.018237 0.01291
<1/r> 2,345 2.209
<r> 5.092 12.810
<rz2)> 22,908 191.681

WAVEFUNCT I ON

CONFIG., : 1s 2s 1s 3s

n
1
2
2
3
i

n c(ls) c(3s)
1.7 1.30372 0.12457
1.7 =0.36615 0.07879

n c(1s) c(2s) n

1.7 1.28464 -0.32975 1

«7 -0.42489 0.0387s 2

0.36863 0.89374 2 0.4 -0.12466 <-4,03900
3 0.4 0.38832 8.96681
I

6
.6 =-0.39368 0.27513
6 0.4 <-0.27712 -5.55659

-0.16346 =-0.15221



He 3s-states
CONF I GURATION
EXP.ENERGY
CALC.ENERGY
<H?*>

EPSILON

DELTA
DELTA-TILDE
<1/r>

<r>
<rz>
CONFIG. : 1s

n 7 c(1ls)
1 1.7 1.28262
2 1.7 -0.33736
2 0.6 <-0.00212
3 0.6 =0.14865
3 0.6 0.06388

TABLE

2

WAVEF

2s
c(2s)
-0.06240
-0.09171
1.01654
0.09985
-0.06865

1v=3

1s 2s
2.17498
2.169550
L.83565
0.005
0.128702
0.128731
2.304
5.113
3.208

UNCTION

£ W N N = 3
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€ /A-minimization

1.7
1.7
0.4
0.4
0.4

1ls 3s
-2,06845
~2.073443
4.082679
0.0049
0.021646
0.021648
2,251
10.092

124,771

1s 3s
c(1ls)
1.30888
-0.38163
0.03540
-0.0239%4
0.01067

c(3s)
0.14552
0.1619%4
-4,.49143
9.34964
-5.20429
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A Doubly Exclited State of Hellum
After having repllicated the calculations for the
excited states 1s np (n=2 to 4) and computed some other
singly exclted states, (shown In tables I1V=-2,3), It seemed
to be challenging to attempt a more difficult task,
namely He 2s2p *P which is reported in the 1literature by
Madden and Codling (25) to have an absorptlion at 206.2 X
(0.6768 a.u.). Some experimentation was necessary before
orbital exponents were found that gave a satlisfactory
convergence. In the first trial the s-orbltal was expanded
in 4 STO (n=1 to &4) and the p-orbital In & STO (n=2 to 5)
with an orbital exponent Y = 0.85 for all elght basls
functions. This starting wavefunction could not be brought
to convergence. The same problem arose when the orbital
exponent was changed to 0.5 to allow for greater diffuse-
ness. From these two runs the Impression was galned that a
shifting of the weight of the wavefunction between 2s and
35s STO was mainly responsible for the nonconvergence.
Therefore the following STO's

s-orbital: 1 0.850, 2 0.850, 3 0.500, &4 0.500
p-orbltal: 2 0.885, 3 0.885, &4 0.885, 5 0.885

were tried and 1led to a rapld convergence (5 |terations)
with an energy of ~0.655 a.u. This wavefunction was then
used as the starting point of an optimization run,

which ylelded the results in Table I1V-4. The energy differ-
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ence of 0.0195 a.u. is In fact very satisfactory, since the
difference between experimental and Har tree-Fock energy for
the ground state is 0.041 a.u. From a priorl conslider-
ations one would expect the Hartree-Fock energy of the 2s
2p state to be closer to the experimentail energy, slince the
correlation between a 2s and a 2p electron should be much
smaller than the correlation between two 1s electrons.
Another indication for the "correctness" of the wave-
function are the values for <1/r>, <rd> and <r2> which give
average distances of the electrons from the nucleus. The
value of 7.054 a.u. 1Is about 0.8 a.u. 1larger than the
corresponding value for the Be ground state, which
Indicates a rather diffuse electron "cloud". This diffuse-
ness again Is to be expected from a priorl conslderations.
It is belleved that the wavefunctlon of Table 1V-§4 repres-
ents the He 2s 2p *P state as well as can be expected In

the context of the Hartree=~Fock orbital expanslion approx-

fmation.



He 2s 2p

EXP.ENERGY

CALC.ENERGY

<H*>
EPSILON
DELTA

DELTA-TILDE

<1/r>
<r>
<rz>

2s

0.845
0.907
0.569
0.467

W N = 3

&

TABLE

tp

1v=4

€ /A-minimizatlon

-0.6768%4

-0.65730
0.47588
0.01953
0.04383
0.04421
0.795
7.054

32.013

WAVEFUNCTION

c(2s)
=-0.63350
1.02653
0.58179
-0.06362

v & W o

6
3
1
1
2

2p

0.881
0.929
0.885
0.885

c(2p)
1.38753
-0.52650
0.14679
-0.15918
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V-5 Computation of the LI 1ls®*np ?P states.

To demonstrate the utility and versatility of the € /4
method, it was Intended to compute the series LI 1ls*2p 2P,
Ll 1s?3p P and Li 1ls*4p *P. The calculation of the LI
1s*2p %P Is shown In Table 1V=-5. The orbital exponent for
the p-orbitals was derived from Slater's rules (27). The
orbitals exponents for the s-orbitals were taken from
Huzinaga's tables (19).

But difficulties were encountered when it was tried
to extend the same approach to the state Li 1s®* 3p ?P where
again the orbital exponents for the p-orbltals were derived
from Slater's rules. The result obtalned (table 1V-7)
looked very much like that obtalned for the lowest 2P state
(table 1[V=5). To conflrm this Interpretation the expect-
ation value <H> was minimized using the same starting
vector and orbital exponents (table IV-6). It Is evident
that €% A converged towards the ground state and not the

exclted state.
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EXP.E
CALC.
<HZ>
EPSIL
DELTA
DELTA
<1/r>
<r>
<rz

NN R a5
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TABLE V-5
1s?2p =2p €/8-minimization
NERGY -7.40987
ENERGY ~7.363932
55.78432
ON 0.0u46
1.556814
=-TILDE 1,558935
5.678
5.929
28,505
WAVEFUNCTION
1s 2p
n c(1ls) n n c(2p)
2.482 0.86898 2 0.650 0.74159
L.687 0.13107 3 0.650 -0,12270
0.672 =-0.00196 L 0.650 0.53731
1,975 0.02246 5 0.650 -0.09639



LI

1s? 3p

EXP.ENERGY

CALC.

ENERGY

EPSILON

<1/r>
<r>
<r*>

NN e 3

1s

2.482
4.687
0.672
1.975

TABLE 1V-6
2p <H> -minimization
-7.33687
-7.364697
0.0376
5.633
5.960
29,012
WAVEFUNCTION
3p
c(1s) n n c(3p)
0.89293 2 0.430 1.75996
0.11263 3 0.430 -1.39675
0.00073 1 0.430 0.88507
-0.01137 5 0.430 -0,29975
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Li 1s*3p

EXP.ENERGY
CALC.ENERGY
<H?2>
EPSILON
DELTA
DELTA-TILDE
<1/r>

<{r>

<r)

1s

A
2.482
4.687
0.672
1.975

N N e

TABLE V-7

2p € /A-minimization

~7.33687
-7.364627
55.726767
0.0277
1.489023
1.489793
5.649
5.953
28.965

WAVEFUNCTION

3p
c(1ls) n n
0.88896 2 0.430
0.11674 3 0.430
0.00036 4 0.430
0.01190 5 0.430

c(3p)
1.76475
-1.40734
0.90346
-0.30247
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Subsequently a large number of calculations have been
carrled out In an attempt to obtalin a wavefunction
which could with certalnty be assigned to a definite
exclted state.

The first attempt involved changing various orbital
exponents and using shorter expansions. These trials led to
wavefunctions that possessed various different minima, but
due to the size of the values of A and A/(W, -W!)* no
assignment to a definite conflguration could be made. Then
it was belleved that It could be useful to combine the
advantage of a small delta with a small epsilon by
minimizing the expression A+ te*e* with varlous values of t.
Again the same behaviour as In the previous attempts was
observed: convergence towards different minima which could
not be assoclated unequivocally with a certain con-
figuration. After this method had been exhaustively trlied
it was attempted to annihilate any effect the Hinze-Roothaan
formalism might bear upon the direction of convergence and
a normal Jacobi-dlagonalization was carried out upon the F-
matrices. This Is possible for the configuration discussed
since It consists of maximally one open shell for each
symmetry representation and the matrix of the Lagrangian
muitipliers can therefore be dlagonalized by a unl tary
transformation. Some problems arose here, because

It Is not a priori evident which eigenvector should' be
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selected as the vector for the next approximation. Thls was

solved by having ali vectors displayed on a computer
terminal and selecting the ones which seemed to possess the
right elgenvalues. With this method a convergence problem
was encountered since small changes In the s=orbitals 1led

to large changes In the p~orbital. To overcome thils

difflculty various "frozen" orbltal approaches were
used and convergence was reached. Again the resulting wave-
function could be made to approach various minima and no
clear designation could be made of which wavefunction

belongs to which State.
A flnal approach then utllized hydrogenic p-~orbl tals

with varlous orbital exponents and the €¥YA& method
to approach the excited state. Since a compilation of al}
these data would enlarge this thesis unreasonably, only the
main results and the conclusions from all these computations
will be given In sectlon (v-8,

A finding which was encountered in every one of the
computations was a varlety of minima In the energy surface
which could be approached by the methods. The exact value
of these minima changed with the orbital exponents used,
but mostly two to three minima could be clearly separated
by using various kinds of starting vectors.

A striking example of the sensitivity of the method to

small changes in the orbital exponents or starting vectors



55

was provided when hydrogenic p-orbi tals were employed
which were elther left unchanged during the lterations
("frozen" p-orbital) or were subjected to the minimization
procedure ("floating" p-orbital). Table 1V-8 shows the
results which were obtained for various orbital exponents
for the p-orbitals. By using the vectors obtained from a
self-consistency run with "floating" orbitals as starting
vectors for a self-consistency run with frozen p-orbli tals,
the energies which were before between 6.9 and 7.1 a.u.
then fell 1into the range 7.2 to 7.36 a.u.. These fairly
widely separated energies seem to suggest that the one
expansion (l.e. STO basis functions with the same orbi tal
exponents) can serve as an approximate wavefunction

for several different configurations.
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TABLE |V-8

2

Lt 1s*3p 7p €/3 -minimization

s-orbltal exponents: 1,4.5; 1,3.4; 1,2.4; 1,1.6; 1,0.6

p-orblital exponent ENERGY
(hydrogenic orbital) p-flxed p-floating

0.20 -7.131923 -7.336639

0.25 -7.348105 -7.348840

0.30 -7.076623 -7.356811

0.35 -7.375001 -7.361310

0.40 -7.018950 -7.363182

0.50 ~-6.958879 NO convergence

0.60 -7.285780 No convergence

L
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1V.6 Comparison of the Varlationai Methods Using Be 1s? 252

To compare the different varfational principles the

ground state of Be 1s*2s* 45 ywas computed, using two STO

This very truncated basis Sset was used |n order
since the orbital exponents

expansions,

to save computing time,

were fully optimized wl th respect to the quanti ty being

minimized. It Is not expected that the obtal ned wave~
are of high quallty but it s belleved that

demonstrate the differences which exist

functions they

are sufficlent to

between the different varlatlonal methods.

On the other hand the computation of a smaller system

Ssuch as L or He was not considered, In order to demon-~

Strate the correctness of the b-electron Operator matrix

routines and to see If there 1s a quall tative difference In

going from a 3-electron System (LI) to a 4
The same relationships which show up In this case have
States computed,

~electron system.

been found to hoild true for a1t} other

whether the orbitaj exponents were optimlzed or not. Tables

1V-9 to V=13 gshow the results obtalned. Computlng times

for the full optimlzation process were in between 15 -~ 20

minutes pPer state.
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TABLE 1V -9

Be 1s* 2s? s <H> -minimization

EXP.ENERGY ~14,.66785

CALC.ENERGY ~14.556739

<H?> 215.556370 =«

EPSILON - 0.111107

DELTA 53.657720 =«
DELTA-TILDE 3.670033 =«

<1/r> 8.404

<r> 6.140

<ri)> 17.339

WAVEFUNCTI ON

n n c(1ls) c(2s)
3.684801 0.997586 -0.204439
2 0.956031 0.012388 1.01824y4

* These values were computed using the above wavefunctlion

In computing the <H3> matrices.
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TABLE 1v-10

Be 1s? 2g2 13 A -minimization
EXP.ENERGY -14.66785
CALC.ENERGY -14.378674
<H?> 207.922944
EPS1LON - 0.289172
DELTA 1.176655
DELTA-TILDE 1.26027s
<1/r> 9.165
<r> 4,789
{r> 9.971

WAVEFUNCTION
n ' n c(1s) c(2s)
1 3.843778 0.968926 ~-0.386187

2 1.290642 0.094243 1.038741
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TABLE 1v-11

Be 1s2 242 *s a “minimization

EXP.ENERGY ~-14,66785

CALC.ENERGY ~1l4. 44486

<HZ> 209.814587

EPSILON =0.223000

DELTA 1.161095

DELTA“T'LDE 1.210824

<1/r> 9.072

<r> 5.880

<ra) 11.426

WAVEFUNCTION

n n c(ls) c(2s)
3.865673 0.97583¢ -0.338806
2 1.195039 0.08337g 1.02969g
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T?BLE 1V-12

Be 1s* 2s? is € /A -minimization

EXP.ENERGY -14,66785
CALC.ENERGY -14.506959
<H?*> 216.338208
EPSILON 0.160887
DELTA 5.886334
DELTA-TILDE 5.912219
<1/r> 8.144

{r> 6.234

{ri> 17.779

WAVEFUNCTION

n n c(ls) c(2s)
1 3.557376 1.000355 -0.198810
2 0.945765 -0.001181 1.019017



TABLE I1V-13

Be 1s* 2s?

EXP.ENERGY
CALC.ENERGY
<H?*>
EPSILON
DELTA
DELTA-TILDE
<1/r>

<r>

<r3>

n n
1 3.557360
2 0.945767

ig € /A -minimization

-14.66785
-14.506958
216.338298
- 0.160888
5.886455
5.912340
8.143
6. 234
17.779

WAVEFUNCTION

c(ls) c(2s)
1.000356 -0.198807
-0.001819 1.019918

62
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The starting wavefunctlion and the starting orbltal
exponents were taken from the work of Huzinaga (19). 1In
order to have one more test of the correctness of the
program used, the <H> minimizatlon was repeated In full
with optimization of the orbltal exponents and the
results obtalned agreed to 6 - 8 flgures with Huzlnaga's
results. The wavefunction obtalned In the <H> minimization
was then used to compute the expectation value <H?*> to
obtain a result for A and A which could be compared wlth
the other variational methods.

The following general trends hold for the varlous

quantities computed:
ECA) & ECA) > E(€'/A) & EC(E€Y/A) > E(<H>)
ACE*/A) & AC€*/A) > ACKHY) > AlA) ¥ AR)

Furthermore the wavefunctions obtained by €?/A and €¥A

minimization resemble closely those obtalned from <H>
minimization, whereas the wavefunctlons for A and
A resemble each other but are clearly distinct from those
obtained by the other methods. The deterioration of the

energy for delta and delta~tl 1de minimizations was qul te

striking.
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IV. 7 Overlap between SCF- and Cl~wavefunctions.

In order to obtaln a more thorough understanding of
the methods employed the overlap a = <¢r?> of the computed
SCF-wavefunctions with various “correct" wavefunctions was
calculated. Table (1V-14) diIsplays these results, The so-~
callied "correct" wavefunctions were varlous configuration
Interaction wavefunctions (28,29,30) or 1In the case of
hydrogen the correct ground state wavefunctlion. The
computation of the Be overlap provided a surprising result,
the overlap obtalned from €/A minimization was less than
that for the <H> minimization. To test If this result was
due to a bad approximate wavefunction or to electron
correlation, the overlaps of varlous approximate wave-
functions, ¢>, of Hydrogen, wlth the exact wavefunction were
computed. These approximate wavefunctions were chosen to be
a linear comblination of two STO's l.e. d)- X, + cLX,_ .The
orbital exponents were chosen In the range from 0.1 to 20.0,.
The coefficlents ¢, and c, were chosen In such a way that
the quantity under consideration was minimized. One result
of the computation (orbital exponents 0.4 and 2.0) 1is
displayed In table IV-14. For hydrogen €%A variation led to

a maximlzation of the overlap In all cases.



TABLE (V-~14
Overlap between SCF- and Cl-wavefunctions

ATOM CONFIGURATION STATE METHOD~» OVERLAP

0.384437
0.927895
0.772312
0.996202
0.995271
0.903707
0.914973

H 1s s 1
4
3
1
IN
1
A
Be 1s? 25* is 1 0.956581
2
3
A
S
1
4
5

He 1s? ig

1s2s 3s

0.8651201
0.901292
0.956198
0.956197
0.957503
0.957108
0.957116

(2 basis functions)

(4 basis functions)

*see Table 1V-1 for an explanation of the methods
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Iv. 8 Summary and conclusions.

In this thesls variational principles have been coded
for an electronic computer so that they could be applled to
atomic states and their usefulness be assessed.

The theslis has clearly demonstrated that the
minimization of A or X does not lead to wavefunctions that
are useful 1In obtaining physical properties of the state
under consideration. From the calculated overlaps It can be
concluded that both methods yvield wavefunctions that
occupy different parts of configuration space than the true
wavefunction. This finding 1Is similar to the results
obtained by Messmer and Blrss (3,4). They calculated wave-
functions using the Temple-Kato bound (23,24) and the
Lowdin bounds (8). These authors found that the bound
formulations add contributions to the trial wavefunction
which do not help in the description of the wavefunction
associated with the state being considered. On the other
hand the computalon of PN or A using the SCF-method
leads to a very unsatisfactory bound. According to
Weinstelin (6) the energy of the true wavefunction lies
somewhere between E + {& »>wW>» E - {Z. In no system but He
has It been possible to obtain a value of delta smaller
than about 1. This bound Is really very unsatisfactory |if
one tries to assocliate a wavefunction with an exclted state.

For example a typlcal energy difference between states for
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smaller atoms Is about 0.1 a.u.. Therefore, to assign a
definite excited state to a certaln wavefunction, delta
should be £0.01. It should be pointed out that the size of
the bound 1Is not necessarily connected with the quality of
the wavefunction. This can be seen for the Be ground state
calculation, where the €°/3 -minimization vyields a far
better wavefunction than the A-minimization, even though
the bounds 1In the former method are much worse than the
bounds {In the delta minimization. The better quality shows
Itself 1In the better energy, better overlap and <1/r>, <r>
and <r%*> values.

The minimization of &%/a or €YA ylelds good
wavefunctions for ground and excited states. The malin
problem consists of assigning definlte conflgurations to
each wavefunctlon and each minimum. In the €%3 method one
minimizes the overlap of the '"correction" wavefunction «4&:

ai = <14
since the relation

€/ ¢ a; & X/ -
holds. In all cases the value of €/A could be reduced to
about 0.01 or less., whereas the A/(W_-W!')* value was of
the order 100 to 200. One Is therefore hard put to assign
a certain configuration to the wavefunction obtalned. It Is
strongly believed that this Inability to reduce the upper

bound of a7, reasonably 1is connected with the orbital
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expanslon SCF approach. The best wavefunction one can
expect from this approach Is a Hartree-Fock type wave-~
function with all Its shortcomings with respect to the
correlation of the electrons. This aspect of the variational
methods 1Is further clarifled by analyzing the overlaps for
the wavefunctions obtalned by the SCF-methods and Ci-
me thods,

The overlaps obtained by minimlizing <H> and €¥AX (or
E7A) show a peculiar behaviour. The theory states that
one should obtain maximum overlap of the trlal wave-~
function with the true wavefunction by minimlizing €72 and
this result 1Is indeed obtalned for H 2s %S and He 1s2s 3g,
but for the other states the wavefunction obtalned by
<H>-minimization leads invartably to a larger overlap. Al
these results clearly indicate the sensitivity of the e'/a
methods to correlation between electrons. For the States
where the method leads to the expected maximlzation of the
overlap the correlatlon between electrons is nonexistent or
small. For the states where correlation is important
and large (e.g. two electrons occupyling one space orbital)
the overlap of the wavefunction obtained by €%
minimization is smaller than the overlap of the wave=~
functlion obtained by <H>-minimization. Furthermore
the size of delta 1Is proportional to the Importance of

correlation. Thils Is most clearly demonstrated by the two
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states He 1s* 23S and LI* 1s?® 1S, (These results have not
been tabulated). These two atomic systems are very similar
In many aspects. The larger charge of the Li-nucleus exerts
a larger attractive force upon the electrons thereby
diminishing the average distance from the nucleus as
compared with He. The shorter distance of the electrons
from the nucleus enhances the correlation between them.
This enhancement Is reflected by an Increase of from 0.5
(He 1s* 2S) to 1.4 (LI* 1s* %S). An answer to the question
of how critical the correlation effect between electrons is
for the €*/& varfational method could be obtained by
employing varlous configuration Interaction wave functions
to the €&/A varlation. One should then be able to observe
the amount of correlation which has to be taken Into
account before a wavefunction obtained by €*/2 minimization
shows a greater overlap with a "true'" wavefunctlon than one

obtained by minimizing <H>.
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APPENDIX 1.
THE EVALUATION OF MATRIX ELEMENTS OF 3- and u4- ELECTRON
OPERATORS BETWEEN DETERMINANTAL WAVEFUNCTIONS.

Let Q be a product of orthonormal spinorbltals (15)

Q=T
L
Then the determinantal wavefunction can be written as
det Q = AQ

where A, the antisymmetrizer is glven by
A = (N1)*? Z(-l)’ P

and the P are the operators which form N! different
permutations of the subscripts of the d).'.'

The expectation value of a quantum mechanical operator
that commutes with the antisymmetrizer can be shown (22) to

be
<0> = <AQ|0lAQ> = Z(-n" <qjolPQ> (1-1,1)
P

Let O0,, be an operator that operates on m electrons. Then
only permutations belonging to a symmetry group S, such
that n m will contrlbute to the expectation value of Op,
EXAMPLE:
Let (b( i )d)(j )(b(k)(b(l ) be a product of orthonormal

spinorbitals and let the determinantal wavefunction be

given by
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D = AlPCHIPHIPRIPI>

Then the expectation value of an operator 0223 s given by:

<0 23> = 2?(-1)"<¢(i;1)¢(j;2)¢(k;3)¢(l;u) 1022
P (115 2)PpCk;3)PC1;4)>

Let P = (1 2 3 4) [for an explanation of this notation of
permutations see (23)] then this particular term is glven

by

1P s 2)d ks 3gX1z8) 100 11 101229055 3)Cks8)>
= <¢(1;1)¢(3;2)¢(k;3)|ot==|¢(1;1)¢(i;2>¢u;3)>
«pCizu) Id(kzu)> = 0
since

G idor> = Jix

Therefore the expectation value of the 3- and u-electron

operators can be written as
0* = Z|<j<k osin and o = Zi(j(k('l p<ine

are expressed as
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<0%> = Zl(j(k PZ(-I)P<¢(I;1)¢(J;2)¢(k;3)lO 1es)
P¢<l;1)¢(j;2)¢(k;3)>
and
<0%> = Zl(j(k(l Z(-l)’ <¢(i;l)¢(j;2)¢(k;3)¢(l;h)lO’“"l
p¢<l;1)¢u;2>¢<k;3>¢u;u>>

Since there are § elements of Ss and 24 elements of S., It
does not seem frultful to carry the expansion further as tn
the case of the 2-electron operators and to glve each

permuted Integral a speclial name and a special symbol (such
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APPENDIX 1I1.

Attention should be drawn to a property of the
Integrals when P Is elther a 3-cycle or a b-cycle permut-
ation, when these integrals are subjected to a variation.
An example will better clarify this particularity than a
general discussion,

Conslder the particular term
2 i<ick <X 1:10905 5230k 3310 **2 1k 10 132)h(5:3) >

where P = (1 2 3), Varlatlon of the particular orbital dk

yields:

L i<i<k <J¢(:;1){4>(j;2)¢<k;3> 10223 1pCk; 1O 5:3)3Ci;2)>

+complex conjugate

In the SCF-formalism the expression
Zj)l,k>j§¢(j;2)¢(k;3)10 123 1 k; 1)C ;303

contrlbutes towards the F-matrix connected with the orbital

¢

But this operator iIs not necessarlly Hermitian, i.e.



76

{522k 3) 10 233 ¢ s ;33T #
{PCiz2)dk; 3) 10222 1 k; 1)¢h( 5 ;373

In general,

This non-hermltlclty has

to be accounted for by a

sul table averaging process,

EXAMPLE:

Let () =1s ej) = 25 Pck) = 3490

- Let each of
these orblitals be

expanded into a sultable set of basis
functlons, e.g.

1s = 2 c(1s;1) X(s: 1)
2s = zl c(2s;1) X(s;:1)

3d® = Sl c(3d; 1) X(d®; i)
then

10 ; 2)gk; 3) 10423 16hCk; 1)GbC j;3) 3™

z:i,j,k,l [c(s;l)c(s;j)c(d;k)c(d;1)

<XCs:md)X(s; i YXCd®; k) |0 22 1X(de; 1 YXs:n)Xes;j)>]

whereas
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{cbu;sz(k;sno*"|¢ck;1>¢<j;3>3"'“ =
2.5,k [elszidelssideldskrelds 1)
<X(s;m>xcs;x)x<d°; k)}jo "’nad';1)X<s;n)7((s;n>]

The summations over the expansion coefficients are the same.

The operator o t23 Is given by

o _ 2*[h1(r;:)~1 +h"(r")"‘+h’(r")"] + (r 1%, 13)-1

(r"r“)"*(r’zr”)"+(r‘4r’3)"+(r"r")” +(r2pms )=

This, applied to the particular case above yields for the

first expression

2:l,j,k,1 {c(s;I)c(s;j)c(d;k)c(d;l)

*[<¥s;m) 1hXCde; D><XCs:1)X(d° k) 1 1/r 2 U(s:mXCs;:5)>
+¢1(s;l)lthKs;m)><Y(s;n)¥(d°;k)ll/r"lX(d’;l)le;j))
+<1Kd°;k)lhlZ(s;j))(I(s;n)X(s;I)l1/r"ll(d‘;l)l(s;m))

+<I(s:l)le‘;k){k(s;n)ll(d‘;18'l(s;m)}(s;j))
*(l}d’;k)k(s:l){k(s;n)lZ(d’;l)ir(s;m)le;j)>
*<Hsin) XCd2s k) A(s; 1) 1XCs:503XCd° ;10X (s;:5)>
<A%Kk X (s n)§ Xs; VX s;m3XCs:5)0¢d%51)>
+<As:n)X(s;1)f XCd"3k) [ X(s; )3 % d® ;) Y¥(s;m)>
U2 D X(s2n)x(d ;s k) | X(s:503 Ws:m) A d";1)>]}

and for the second expression
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Zl,j,k,l fe(s;t)c(s;id)c(dzk)c(d; 1)

«T<YCs:m) TR 1KCd®; 1)><KCs; DAk 1 1/r %2 (K (s:m) K(s;5)>
+<WUs: IR RKCs;nI><T(s:mT(d=; 1) 11/ r 31X (d®;1)X(s55)>
+<¥(d°;: K 1hIX(s;5)><XCs;m)X(s; 1) 11/ r '2|K(d®; 1) s;n)>

< W s:; VAT K (s;m) 1A 1)F K(s;n) Ks;5)>
+<Hd ;I FCs; DITY(ssm) IXCAd ;1 K (s 5)X(s;n)>
+<Y(s: ) WA s RI X Cs; 1) 1Y (s} Y(d2: 1) s:5)>
+<YCd° KK (s X (s D IXCs:nFX (s55)K(d° ;1)
+<YCs;m) Ws; 1§ Y(ds:kIIXCs:5)F)X(d°;: 1) (s;n)>
+<X(s; 1)Y(s;mE Y(d2: k) 1X(s;5)F X(s:m)X(d®;1)>1)

where
<K(s; 1)X(d°: k) {X(s;m) 1 (d°: 1)) X(s;n)X(s;5)>
symbolizes the Integral

I{Z(s; fsr)Ws;n;r XA ks r2) (s 55 Kssms ) K(d® ;05 ¢%)
/Crs*r2)} dridr2dr3

it can be seen that the two expression are different.
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APPENDIX 111,
THE CONSTRUCTION OF L-S EIGENFUNCTIONS.
This appendli x describes how one can obtain a
wavefunction <b(25+1:l) belonging to a certain configur-
atlon expressed as a sum of slators, such that this

wavefunction 1Is an eigenfunction of the operators Lz,L;,S‘,

Ss

L*¢(2s+1:1) 1C1+1)P(2s+1: 1)
La(25+1:1) = mid2s+1:1)
S*P2s+1:1) = s(se1)2s+1:1)

S Pr25+1:1) = msdx2s+1:1)

This discussion is based upon a suggestion by
Schaeffer and Harris (17), but it Is written with the aim
to particularize and clarify some points Important to the

present work.
To ald the reader not familiar with the concepts, a

speciflc example (p* 1g) Is glven at the end of this

appendi x.
As Is well known (22) the operation of the L and S

operators can be expressed as:

S;D = 1/2(q‘-nF)D = MgD
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LaD = Zyal,N mi‘p = M_D

S‘D = [ZP" '.'(1/‘})[([’]‘-"“)21-2“‘+2nﬁjJD
LD = g1~ Lr+La(La+1)}D

with
L=+ = ZI-I,N Lt (1)}

Each slator s automatically an elgenfunction of La

and S, .
To obtaln a linear combination of slators which is an

elgenfunction of L* and S2, one collects alj] slators
belonging to the configuration iIn questlion which have a La

eigenvalue of mi=} and a s, eigenvalue of ms=s into

a vector
d = (D* p* p3 cececss D),
One then forms the matrix
[Ls]) = at¢1? +ks2)g
and dlagonalizes ft. A proper cholce of k glves a well

Spaced eigenvalue Spectrum. By Including only slators with

mi=1 and mg=s one has assured that the lowest elgenvalue at
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of the matrix [Ls] 1s

a* y MI(ml+1)+kems(ms+1)

If the equality holds, then the elgenvector assocliated with
this elgenvalue Is the requlred linear combination. If for
more than one elgenvector this equality holds, one has a
case of degeneracy. |IFf the equallty does not hold then no
1lnear comblnation of slators for this confliguration

Possesses the required symmetry.

From the linear combinatlions with mi=1 and ms=g
one obtains all 1inear combinations with l#mle -1 and s€ms<-s

by repeatedly applyling the operators L™ and sS-,



where
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EXAMPLE (pe 12g)

The distinct slators for this confliguration are:

DF = 1P (1IB(1) p=1(2)4(2)] = |p+1 p—i]
D = Ip*LULIA(1) p=1 (2)A(2)| = |p+1p=T]

D* = |p°(1)&(1) P°(2)l(2)] = |pep*]

the two vertical bars designate a determinant j.e.

IP='p+7| = P~ (1)L(1)#p+/(2)pC2) - P~ (2)d(2)*p*+! (1)L (1)

Operation wlith the operator L*+S*  gives the result:

SID* = S®p¥ip~| = |pHFT |+|5Tip 1| =ptep!
L*D* = L2jp+ip~| = [~ L+« Lally+1)I [poip-1]
= L"L* Ip*Tp— [+0w|pTFip—1 |
= [L-u)ﬂ.-(z)]r[v(1)+L*<2)J|Fp-'|
= [LT(1)+L~(2) |pFipej

= l;’p"l*'lp“p"l - ‘D’+D’

Therefore

(L*+S*)D* = 2pr4pz-p3

Simllarly
(L*+S*)p?* = 2D%*+D' +p*

(L2+S2)ps = 2D* =D/ +p2
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Since the relatlonship <D*|0°> = Dy holds, the

matrix

(kST Is easily seen to be:
2 1 -1
Ls] = 1 2 1
-1 1 2

The matrix of elgenvectors Is glven by

1/¥2 -1/¥3 -1/46

/92 1/V3 -1/

0 -1/Vv3  2//s

wlith the eigenvalues 3,0,3. The normallzed l1inear

comblnation of slators for the configuration P* and the

state S s therefore :

bets) = (1/13)(-D4p* -p4)
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APPPENDIX 1V,
EXTENSION OF THE HINZE-ROOTHAAN FORMALISM TO THE CASE
OF 3~ AND 4-ELECTRON OPERATORS.

The F-matrix connected with each orbital Is given by
eqn. (3-17). Following the derivation of Hinze and Roothaan
one computes a correction matrix to the F(n,l1)-matrix by
considering all flirst order changes Iin the F(n,1)-matrix
which are caused by a change of the vectors c(n',1), where
n' runs over all orbitals c(n',1) that belong to the
symmetry 1.

Using eqn. (3-17) one writes the correction matrix as

(we assume that the orbltals are In real form):



dF o=
2§ B33 dept cpt Sndp Iy, TEE™
53 C2 0 S Joiegc cf dyndy dr
K&

i W
wéﬂzzwwmmwwwwm%%
; ﬂw

L R (Pgjrsjtuyw)
Se¢ Se S¢St

Equation (52) of ref. (21)

d‘Enlgnl = 2« % g:\n' Jcn'l

still holds, but the definition'of the L-matrix

has changed to:



L
nmjpq T

2 .
S o ddy Tpg

J:

+ 2*ZCRZ ZdC“ Lenil ot Cﬁmi:n 0{21 JL‘-_L

k=1 en‘-p l’,S
34
R (pmags;tu)
K?.‘f St s
’4 4 . : )
e FE ane
+2xZD‘Z,§Cfc¥“‘c““c" ‘e CFE it g, oy, gy
=1 .uf:% t.u
. F-HPJ A

L 2 (pr ;qs ituvw)
?! gt gc Sc

With this deFinition of the L-matrix the formalism
of -(21) can pProeceed unchanged to its end.
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APPENDIX V.
EXAMPLE: Be 1s®* 2s 3d *D

Equation (3-1) for this configuration Is given by

$:p) = (2y* [11sTs2s3d*21-11s1s253d **|
= (¥2)* (D*-D*)

The expectation value of the operator 0 egn (3-6) Is:
<0> = (1/2)<D*|0ID*>=2+(1/2)<D*|0|D*>+(1/2)LKD *|0}D* >
Thls, rewrtitten In the form (3-7), ylelds:

<0> = (1/2) <1s1s2s3d°% |0} 2(-1)" P 1s1s2s3d**>
- <1s1s2s3d+2 0] 2.¢~1) P 1sls2s3d >
+(1/2) <1sis2s3d~*]0| 2¢-1)" P 1sisis3d >

Inserting the expliclit form of the operator 0 the form

(3-9) Is obtained.

<0> = (1/2)§<1s|0*|1s>+<1s]0*|1s>+<2s|0%|2s>
+<3d** |0*13d**>
+<1s1s]0*11s1s>-<1s1s10*|1s1s>+<1s25|0*|1525>
-<1s2s]02|251s>+<1s3d~2|0 |1s3d*2>=<1s3d~2 [0 |3d*21s>
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+<Ezs|o=|Ezs>+<1_ssd—+=lo¢|EZF>-<TsmTlo=|3TﬂE>
-<Ezs|o=|2sﬁ>+<2séﬁ|o=|zssd_+=>-<zs3??|o=|3d—+=25>
+<1s152510%) Z (-1)*p 1s1s2s>

+<1s1s3d* 10*| Z (-1)"p Ts1s3373>

+<1s2s3d7210%) 2 (-1)° P 1s525397%>

+<-1—5253d_""_l0’l Z (-1)°P Is2s34+2>

+<1sTs253dFj0%| 2 (-1 p 1s1s2s3d+2)

+ the terms arising from <D*|0|ID*> and <D2|0|D*>

Collecting a1l the 1iIdentical integrals and summing

their coefficlents, yields the eqn (3-10):

<0> = 2<1s|0*|1s>
+ <2s|0*|2s>
+ <3d *?|0 2| 3d +2»
+ <1ls1ls|0%*]1s1s>
+ 2<1s2s|0*)1s2s>
- <1s2s]0*|1s2s>
+ 2<1s3d**|02|1s3d+2 >
- <1s3d %2 |0 2| 3d *2 1s)>
+ <2s3d**|02|2s53d+2>
+ <1lsls2s|0%|1s1s2s>
- <1ls1s2s|02[2s1s1s>
+ {1s1s3d+* |03|1s1s3d *2>
- <1s1s3d+*%|03|1s3d*21s>

+ 2<1s2s3d “*|0% | 1s253d *2>



<1s2s3d**|C%|2s1s3d **>
{1ls2s3d**|0*|3d **2sls>
2<¢1s2s3d** |0®*|1s3d**2s>
2<1s2s3d**> |0%[3d **1s2s>
<1s1s2s3d**|0%|1s1s2s3d** >
<1s1s2s3d+*]0*|1s3d** 2s1s>
<1s1ls2s3d** |0*|{2sl1lsls3d**>
2<1s1s2s3d **|0*|253d **1s1s>
<1s1ls2s3d ** |0 *¥|1s1s3d*22s>
2<1s1ls2s3d+* |0¥|1s3d **1s2s>
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THE PROGRAM.

It seems to be extraordlinarlty difficult to describe
Intelligently a computer program of some complexity by
words. We will Instead present the logical flow of the
program In form of a flow diagram. This diagram with 1its
annotatlons and with the listing of the program at the end
of thils appendix should facilitate the understanding
and use of the program. After the flow dliagram a section iIs
concerned with the listing of all routines that have been
used, except the routines which are part of publicly
avallable 1llibraries. This listing carries short annotations
as to where and how the routines are employed and It |s
arranged In nearly the same order as the listing of the
programs. At the end programs which have been used 1In

preparing this theslis have been listed.



START ROUT INES 'REMARKS
USED

SCF-PROGRAM

INPUT
no. of orbitals
no.of basis fng.
method, charge
energy,orbital exp.
starting vectors
INTEGRALS
1-electr: ONEINT
integr. ONE|
'RENORM
SOMS
v _
IW“ERVQJ ISYM:
[ 1SYMe—1 | 1 s-orbital
2 p- 1"
bne 3 d- o
1< orb.of <®
SYM?
Yy
set FR L
malrices
1o zero
\ 4

&)



ROUTINES
USED-

ONEEL
SYMCHE

TWOEL
TWINT
SPLIT2

THREEL

FOUREL

COMBIN

HINZE
SOLVER
GAUSS

REMARKS

thickly

outli ned
routines
are
diagrammed
separately



ROUTINES REMARKS
USED

\A4 OPTIM

CHANGE
POLYNO
SCFCYC




ENTRY

|take 15t|n't1

add'm
FH18 FHH1
matrices

2
Y N
RETURN



ENTRY - ROUTINES
USED

—o

index &

perm.ect, SPLIT2
- v READ
»| int's fTO
v disk
' N
TWINT
REPI
HR

WRITE

int's on
disk
\J

«*‘@

N

RETURN

add to
FH2 &FHH2 [—————
matrices



ROUTINES

USED
SYM34
SPLITS3
_READ
int's from
disk
V TRINT
REPI
WRITE
int's on
disk
DENS3

ﬁ RETURN

_ Y 1

—)



: " ROUTINES ,
' USED : '
order ‘ '

@’ INTEGRA SYM34
Y . o

SPLIT4
v [ .READ
p-{ int's from
disk '
FOINT
REPI




NAME

MAIN

VECT
EXPAND
DETVAR
RESET
CHECK

ouT
SHREIB

OPERAT
LSSQUA
COMP

LMINUS
soP
Lop
SEARCH

ROUTINES TO COMPUTE L-S E1GENFUNCTIONS

CALLED FROM

MAIN
MAIN
MAIN
MAIN, CHECK
MAIN

LoP
OPERAT

MAIN
OPERAT
LSSQUA

MALIN
LMINUS
LMINUS
sop, LOP

PURPOSE

Routines to set up the
different Slators belonging
to a glven configuration

and state.

Output routlines

Subroutines determining

the matrix elements of

<Pl L* + kes? |4>>

Computing the states MS-1,
ML-1 from MS, ML.
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CODE

LSQH
LsaQT

VECT
EXPD
DETV
RSET
CHCK

ouTP
SHRB

OPE
LSS
CcOoMP

LMIN
s-0P
L-0OP
SRCH



NAME
INTCOE

FILL

SORT

COMP1

ONE

TWO

THREE

FOUR

SI1G

DEIGE

CALLED FROM
MAIN

MAIN, LOP

LMINUS

INTCOE

INTCOE

SORT

SORT

SORT

SORT

FUNCTION

OPERAT

PURPOSE

The Slators are compared

for each value of ML and

MS and the 1,2,3, and &

electron Integrals to be

used as Input for the

wave~function routlne

are computed.

Determines if a permut-

ation iIs odd or even.

Jacobl dlagonalization

I1BM=-SSP-Routline.
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CODE
INTH
INTT
FILH
FILT
SRTH
SRTT
COMH
coMT
ONEH
ONET
TWOH
TWOT
THRH
THRT
FORH
FORT

FSIG



NAME

MAIN

INPUT

ONEINT

RENORM

ONEEL

TWOEL
TWINT

THREEL
TINT3
DENS3

ROUTINES TO COMPUTE SCF WAVEFUNCTIONS

CALLED FROM

MAIN

MAIN

MAIN

MAIN

MAIN
TWOELE

MAIN
THREEL
THREEL

PURPOSE

Reads In the starting vectors,

integrals, and indlcates the

minimization to be done.

Sets up one electron Integrals

Normalizes the vectors.

Sets up one electron matrices.

2-electron-matrices.

2-electron-Integrals.

3-electron-matrices.
3-electron=intrgrals.

3-electron~densi ty matrices.
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CODE

MAIN

INPT

ONEl

NORM

ONEE

TWOE
TWIN

THRE
TINT
DNS3



NAME CALLED FROM

FOUREL MAIN

FOINT FOUREL

DENs FOUREL

LIES DENS

DIAGO MAIN

COMBIN MAIN

CNVRGC MAIN

AITKEN MAIN

uts|PRPRTS MAIN Computs

HINZE MAIN

SOLVER HINZE
GAUS SOLVER

PURPOSE

h-electron-matrlces.
u-electron-lntegrals.
k-electron-denslty matrices.
Reads In the 2-electron-

Integrals required in FOUREL

Dlagonaltzatton of h-electron-

matrices,

Combines the F-matrices accord-

Ing to which minimization is
desired.

Checks if vectors converge.
Altken-Delta-Acceleratlon.

value of <1/r> etc. PROP

Combines the and F matrjces
so that G-supermatri x and G
Supervector for Computing ¢
are obtained.

Gausslan elimination wl th

Pivoting of row and columns.

lo1

CODE

FOUR

FOIN

DNSy4

LIES

DI AG

coMB

CONvV
Al TK

HINZ

SoLv
GAUS



CHG

NAME

ENER
EXHH

OPTIM

CHANGE
POLYNO
SCFCYC

ouTO
ouTo1
ouT1
ouT2
ouUT3
ouTY
ouTs
ouUTPUT

CALLED FROM

MAIN, COMBIN
MAIN, COMBIN

MAIN

OPTIM
OPTIM
OPTIM

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

PURPOSE

Computes <H> and <H >

respectively,

Optimization routlne.
Alding optimlzation.
Alding optimization.

Alding optImlzation.

Varlous output routines.
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CODE

ENER
EXHH

OPT!
CHNG
POLY
SCFC

OouT1
OoUT1
ouUT1
ouT1
ouUT1
ouT1
ouUT1
ouUT2



NAME

SPLIT2

SPLIT3

SPLITH

SYMAS 1

SYMCHE
SYMAS 2

SYMAS3

{DNOM

SYM34

CALLED FROM

TWOEL

SYM34

SYM34

SPLIT2, SPLIT3
SPLITH

TWOEL, SYM34
SPLIT2,SPLIT3,
SPLITH

SPLIT3, SPLITHL,
TWINT

SPLIT2, SPLIT3,
SPLIT4

THREEL, FOUREL

PURPOSE

A1l these routines reorder
the input-integrals so that
the indices of the expansion
vectors and the Integrals
over the Slater functions

coinclide.
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CODE

SPLI

SPLI

SPL!

SYAl

SYCH
SYA2

SYA3

IDNO

SYA3



NAME

LOGi1ou

DEIGE

SOMs
MULTs
VMULT
ONE}
HR
REP1}
ANGL1
UF

VF
FIDA
FIDB
ENM|

Routines Not Programmed by the Author,

PURPOSE

(See alse the table wi th SYSTEM-SUBROUTINES.)

Direct access routine

Author Larry Thiel, Computlng Centre

Unlverslty of Alberta,

Jacobt dlagonallzatlon

Author IBM/ssp

Schmldt-orthogonallzatton

Schmi dt matri x multlpllcatlon

subroutlnes.
Slater function Integrai routilnes

All Programmes [n this section by

F. W, Blrss,

1oy

CODE

Liou

SOMS
MULT
VMUL
ONIN
HRIN
REP|
ANGI
ANG I
ANG!
ANG1
ANG]
ENM|



NAME
READ
WRITE

LOGIOU

POINT

NOTE

REWIND

TIME
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SYSTEM (MTS) ROUTINES
PURPOSE
e.g. CALL READ(INTEG,LEN,O0,LNR,2, 100)
Used to read and write integrals and density

matrices from or to disk.

Used to determine the parameters that allow

access to sepuential flles stored on disk.

Used to reset the sequentlal file used for
storing the Denslity matrices In each lteration.
To time the execution of the program

Routines READ and WRITE are described In
FORTRAN G and H MANUAL, May 1970, University of
Alberta, Computing Centre.

Routines REWIND and TIME are described In
SUBROUTINE LIBRARIES MANUAL, October 1970,
Universlty of Alberta, Computing Centre.
Routines NOTE and POINT are described iIn
SYSTEM SUBROUTINE MANUAL, June 1970, Unlversity

of Alberta, Computing Centre.



REAL*g LSSQMA(SZ,52)/270&*0.00/,EIGVAL(52,52),EIGVEC(SZ,SZ), LSQH
18(52),F1,F2,SPIN(22) LSQH

EQUIVALENCE(LSSQMA(I),EIGVAL(l)) LSQH

c LSQH
C THIS ROUTINE 1S SET UP TO CALCULATE LS-EIGENFUNCTIONS OF yp LSQH
c TO TEN ELECTRONS. TO INCLUDE A LARGER NUMBER OF ELECTRONS LSQH
C SEEMS SENSELESS, SINCE RUSSELL-SAUNDERS COUPLING BREAKS DOWN LSQH
c LSQH
C THE EIGENVALUES ARE ON THE AVERAGE ACCURATE TO 11 SIGNIFICANT LSQH
c FIGURES. IF HIGHER ACCURACY Is DESIRED, CHANGE STATEMENT 5 IN LSQH
C SUBROUTINE 'DEIGE', LsQH
c LSQH
(o} LsSQH
c THE ROUTINE CAN HANDLE STATES WHICH ARE REPRESENTED BY UP TO LSQH
c 52 SLATERDETERMINANTS. |F A LARGER NUMBER OF SLATORS ARISE, THE LSQH
c FOLLOWING CHANGES HAVE TO BE MADE LSQH
C CHANGE THE DIMENSIONS OF LSSSQMA,EIGVAL,EIGVEC,B,SLDV,NUMDET LSQH
c IN THE MAIN PROGRAM. LSQH
c CHANGE THE FORMAT STATEMENTS IN THE SUBROUTINE SHREIB LSQH
c CHANGE DIMENSION OF SLDV,NUMDET IN SUBROUTINES LSQH
C DETVAR LSQH
c OPERAT LSQH
C LssQua LsQH
c comp LSQH
C ouTPU LSQH
c LSQH
INTEGER*2 DMAT(4,100), CONFIG ( 33), STATE (2), 1VEC (20), LSQH
1ICOMV (20), 1sSTA (20), sLnv ¢ 52,&,20),NUMDET(52,20),CMAT(4,20) LSQH
3,LINE(22),STTE(2) LSQH

C INPUT 1Is As FOLLOWS: LSQH
c M THE NUMBER OF UNEQUIVALENT STATES TIMES 3 LSQH
c N THE NUMBER OF ELECRONS ' LSQH
C CONFIGURATION: 1S1 2pP2 3p1 = 01 00 01 02 01 02 03 02 01 LSQH
C STATE 3P = 03 01 LSQH
c PUT M,N CONF, STATE, AS CONTINUQUS 14 INPUT LSQH
C IVEC CONTAINS THE POSITION FOR SLD IN DMAT LSQH
C ICOMPV CONTAINS THE MAXIMUM IVEC CAN REACH LSQH
c LSQH
c AFTER THE STATE WITH ML=L AND MS=S HAS BEENM COMPUTED, L- & S- ARE LSQH
c APPLIED(IN SUBROUTINE LMINUS) TO OBTAIN ALL POSSIBLE E'FNS FOR ALL LSQH
c VALUES OF ML AND MS. LSQH
c LSQH
c THE OUTPUT IS WRITTEN ON UNIT(S5) LSQH
c LSQH
c INTCOE COMPUTES THE INTEGRALS OBTAINED BY OPERATING WITH ONE~-, LSQH
c TWO-, THREE-, AND FOUR—ELECTRON-OPERATORS LSQH
c IT WRITES THE RESULTS ON UNIT(8) LSQﬁ
C LsQt
1 READ(S,QOI,END=23)M,N,(CONFIG(dl),dl=1,M),(STATE(Jl),J1=l,2) LSQH

DO 2 u1 = 1,52 LSQH

DO 2 U2 = 1,52 LSQH

2 LSSQMA(J1,J2) = 0.DO LsQH
CALL VECT(IVEC,ISTA,ICOMV,M,CONFIG,N) LSQH

LSQH

CALL EXPAND (STATE,CONFIG,DMAT,N,M)
C AFTER DMAT IS COMPUTED IT'S COLUMNS ARE USED TO SET UP ALL POSSIBLE LSQH
c SLATERDETERMINANTS, WHICH ARE CHECKED IF THEY FULFILL THE STATE COMD. LsSQH

K=0 LSQH
I1=N LSQH
9 CALL DETVAR (DMAT,lVEC,SLDV,N,STATE,K,NUMDET,&QS) LSQH
IVEC(11) = IVEC (11) + 1 LSQH



1
29

45
90

DODOOODOHOOO

PU

<

(o
o
(o
(o4

c
c
o

IF CIVEC (11) .LT. ICOMV(1I1)) a0 Tn 9
CALL RESET (1VFC,11,R%19,&29,M,1STA,%19)
9 CALL CHFCK (IVFC,ISTA, &9 LM ,&29, 160fV)
STTE(1) = STATF(1)
STTE(2) = STATF(2)
CALL QUTPU (SLRV,STATE,COHFIG,K, N, &5, 0, STTE)
CALL OPERAT (SLDV,LSSNMA, K, STATE,CHAT, M, EIGVEG, R, &45, | 1)
CALL FILL(SLDV,FIGVEC,K,M, 11)
CALL INTCOE(HM, K, 11)
GO TO 1
1 FORMAT (20 | &)
3 STOP
END
SURROUTIME FILL (SL,FIGVEC, K, N0E, 11)

THIIS ROUTIME COMPRESSFES THE SLATNPRS FRO! L-NN TO 1-0N

SLATOR(*,*,*) CONTAINS THE COMPRESED IMPEX CALCULATED
FROM SL(*,x, %)

N

L

ML AFE SELFEXPLANATORY

Hs

COMMON/FINT/LVER(3,52), SLATOP(52,10)
REAL*8 EIGVEC(K,K),LVFC
INTEGEP*2 SL(52,4, 10)
INTEGER SLATOP
INDG(N) = (N=-2)%9-3
INDFCL, 1) = L+L*l+M
PO 10 J10 = 1,K
PO 10 J11l = 1,MNOF
M = SL(J10,1,J11)
L = SL(J10,2,011)
ML= SL(J10,3,J11)
MS= SL(J10,4,J11)
LML = INDF (L,I'L)
IF (N .LF, 2) 60 TO 1
INCOMP = (LML+INDG(N))*MS
GO TO 10
IMCOMP = (LML+N)*MS
SLATOR (J10,J11) = INGCOMP
J22=K-11
DO 20 J20=1, 11
PO 20 J21=1,K
LVEC(J20,021)=FEI1GVEC(J21,.022+J20)
RETURH
END
SUBROUTINE INTCOE(NOE,K, 11)
RPOSFE :
TO COMPUTE SYMROLICALLY THF INTEGRALS VHIGH ARE ORTAINED WHEM
L-S-FIGENSTATES
VARIABLES:
TERM: THE TERMSYMROL, EAUIVALENT TO STATE IN 'Lsn’

LSOH
Lsan
Lsan
Lsnt
LSOH
LsaH
LSH
LsSni!
LS
LSNH
LS
LSOH
LSOH
FILH
FLLH
FILH
FILH
FILH
FILH
FiLh
FILK
FILH
FILH
FILH
FILH

INTH
INTH

INT*: ARRAYS IM WHICYH THE SYMBOLIC FORI' OF THE INTEGRALS IS STOREDINTH

FAC*: ARRAYS IN WHICH THE COMPUTE COFFEICIENTS ARE STOFRED
IMPLICIT REAL*8 (A-},0-Z)
COMHON/FINT/LVEC(3,52),SLATOR(52,10)

INTH
INTH
INTH

COHHON/SUBINT/FAC(B),FACl(3,50),FA02(3,100),FAC3(3,200),FAC&(3,300INTH
. ,lNTl(SO),lNT2(h,100),IHT3(6,200),lNT&(S,300),SLASHO(2,10),DIFORBIHTH

-



910

908
809

10
11

900
901
302
903
904
905
906
907

11

Q)
INTEGER SLATOR,SLASHO,DIFORB
REAL*8 LVEC
INT1(1)=0

LIMu=0
WRITE(S8,9
FORMAT('1
WRITE(S8,9
WRITE(S,9
FORMAT('
FORMAT('
IF(I1.GT.3
DO 1 JB=1,K
DO 1 JC=JB,K
CALL COMP1(JB,JC,I1,|CODE,&1, NOE)
CALL SORT(ICODE, LIM1,LIM2,LIM3, LIML, NOE, 1)
CONTINUE
WRITE(8,900)LIM1, LIM2,LIM3, LIML
DO 7 JA=1,LIM1
WRITE(8,903) INT1(JA),(FACI(I1A,JA),lA=1,11)
DO 8 JA=1,LIM2
WRITE(8,904)(INT2(1A,JA), 1A=1,4),(FAC2(IB,JA),IB=1,11)
IF(NOE.LT.3)RETURN
DO 9 JUA = 1,LIM3
WRITE(8,905) (INT3(1A,JA),1A=1,6),(FAC3(1A,JA), lA=1,11)
IF(NOE.LT.4)RETURN
DO 10 JA=1, LIML
WRITE(8,906) (INTL(IA,JA),1A=1,8),(FACL(IA,JA), A=1,11)
RETURN
WRITE(8,907)
STOP
FORMAT(2014)
FORMAT(3D26.18)
FORMAT(214)
FORMAT(33X,13,3D25.15)
FORMAT(18X,2(3X,213),3D25.15)
FORMAT(9X,3(3X,213),3D25.15)
FORMAT(4(3X,213),3D25.15)
FORMAT('O',131(: !

*'))

INCTIONS'/131("
END
SUBROUTINE COMP1(1,J,11, 1CODE, », NOE)
IMPLICIT REAL*8 (A-H,0-2)
COMMON/FINT/LVEC(3,52),SLATOR(52,10)

J,1A1=1,K)

SLATOR(1A1,1A2),1 E
Al=1,11)

2
LVEC(IALl,1A2),1A2=1,

*
)

INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH
INTH

/40X, "MORE THAN THREE LINEARLY INDEPENT EIGENFUINTH

INTH
INTH
COMH
COMH
COMH

COMMON/SUBINT/FAC(3),FAC1(3,50),FACZ(3,100),FAC3(3,200),FAC&(3, 300COMH
«),INT1(50), INT2(4,100),INT3(6,200), INTL(8,300),SLASHO(2,10),D!FORBCOMH

< (4)

INTEGER SLATOR,SLASHO,D}FORB
REAL*8 LVEC

ISUM=0

ICODE=0

FACT=1.DO

DO 1 JA=1,NOE
SLASHO(1,JA)=SLATOR(I,JA)

COMH
COMH
COMH
COMH
COMH
COMH
COMH
COMH
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SLASIIN(2, JAY=SLATOR(J, JA)
IF (J.EO.1) GO TO 3

DO 5 JA=1,MNOE

DO 6 JR=1,HOE

IFCSLASHO(1,JA) EN.SLASHO(2,JR)) 60 TO 2

CONTINUE

ICONE=|COrE+1

DIFORR(ICONE)=JA

IF (ICOPF.GT.4) RETURM1

GO TO 5

IF(JA.EN.JB) GO TN 5§

ISUM = ISUM+1

IEX=SLASHO(2,JA)

SLASHO(2,JA) = SLASI'0(2, Jr)

SLASHO(2,JB)=IEX

CONT INUE

FACT=2.r0

PO 7 JA=1,11
FACCJA)=LVEC(JA, 1 )*LVEC(JA, J)*DFLOAT((=1)** ISUM) *FART
IFCICONF.FN.0) 1CODF=1

RETURN

END

SUBROUTINE SORT(ICORE,LIMNIL, LIN2, LIM3, L 1ML, NOE, 11)
IMPLICIT REAL*8 (A-H, 0-Z)

COMMON/F INT/LVEC(3,52), SLATOR(52, 10)

CONH
COiH
COMH
COiiH
COMH
COH
CoiH
COrH
CONH
COotH
COMH
COt:H
COoHH
COMH
COHH
COoiH
COIMH
COLH
comMn
COomMH
CoMH
COtH
SRTH
SRTH
SRTH

COMNON/SUBINT/FAC(S),FACI(B,50),FA02(3,100),FAC3(3,200),FACk(3,300$RTH
),INTl(SO),INT2(4,100),INT3(6,200),INTQ(S,300),SLASHO(2,10),DIFORESRTH

(4)
INTEGER SLATOR, SLASHO, DI FORR
REAL*8 LVEC '
GO TO (1,2,3,4),1N0DF

DO 7 JA=1,NOE

CALL ONE (JA,LIM1,11)
JBL=JA+1

IF (JBL.GT.NOE)GOTO 7

RO 6 JR=JBL,NOFE

CALL TWOC(CJA,JR, L112,11)
IF(NOFE.LT.3) GO TO 6

JCL=JB+1

IF(JCL.GT.MOE)GOTO 6

DO 5 JC=JCL, NOE

CALL THREE(JA,JR,Je, 1. 1M3,11)
IF (NOE.LT.4) G0 To 5
JDL=JC+1

IF(JDL.GT.NOE)GOTO 5

DO 8 JD=JDL, NOE

CALL FOUR(JA,JB,JdC,dD, L 1M, 11)
CONTINUE

CONT I NUE

CONTINUE

CONTINUE

RETURN

JA=DIFORB(1)

JB=D1FORRB(2)

CALL TWO(JA,JR,LIM2,11)
IF(MOE.LT.3) RETURN

DO 9 JC=1, NOE
IF((JC.FO.JA).OR.(JC.EN.JR)) GO TO 9
CALL THREE(JA,JR,JC,LIM3,11)
IF(NOE.LT.4) GO TO 9

SRTH
SRTH
SRTH
SRTH
SRTH
SRTIHi
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH
SRTH

-
|
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JDL=JC+1 SRTH

IF(JDL.GT.NOE)GO TO 9 SRTH
DO 10 JD=JDL,NOE SRTH
IEC(JD.EQ.JA).OR.(JD.EQ.JB).OR.(JD.EQ.JC)) GO TO 10 SRTH
CALL FOUR(JA,JB,JdC,dD, LIML,11) SRTH
10 CONTINUE SRTH
3 CONTINUE SRTH
RETURN SRTH

3 JA=DIFORB(1) SRTH
JB=DIFORB(2) SRTH
JC=DI1FORB(3) SRTH
CALL THREE(JA,JB,JC, LIM3,11) SRTH
IF(NOE.LT.4) RETURN SRTH
DO 11 JD=1,NOE SRTH
IFC(JD.EQ.JA) .OR.(JD.EQ.JB).OR. (JUD.EQ.JC)IGOTO 11 SRTH
CALL FOUR(JA,JB,JC,JD,LIML,I11) SRTH
11 CONTINUE SRTH
RETURN SRTH
IDF1=DIFORB(1) SRTH
IDF2=DIFORB(2) SRTH
IDF3=DIFORB(3) SRTH
IDF4=DIFORB(4) SRTH
CALL FOUR(CIDF1,1DF2,I1DF3,IDFL4,LIML, 11) SRTH
RETURN SRTH
END SRTH
SUBROUTINE ONE(I,LIM1,11) ONEH
IMPLICIT REAL*8 (A-H,0-2) ONEH
COMMON/FINT/LVEC(3,52),SLATOR(52,10) ONEH
COMMON/SUBINT/FAC(B),FA01(3,50),FACZ(S,IOO),FACS(3,200),FAC&(3,3000NEH
.),lNTl(SO),lNT2(h,100),|NT3(6,200),INTQ(8,300),SLASHO(2,10),D|FORBONEH
(L) ONEH
INTEGER SLATOR,SLASHO,DIFORB ONEH
REAL=*8 LVEC ONEH
KB=1ABS(SLASHO(I1, 1)) ONEH
DO 1 JA=1,LIM1 ONEH
Li=JA ONEH
IF (INT1(JA).EQ.KB) GO TO 2 ONEH

1 CONTINUE ONEH
LIM1=LIM1+1 ONEH
IF (50.LT.LIM1) GO TO 3 ONEH
INTL(LIM1)=KB ONEH
DO 4 JA=1,11 ONEH

4 FAC1(JA,LIM1)=FAC(JA) ONEH
RETURN ONEH

2 DO 5 JA=1,11 ONEH
5 FAC1(JA,LI1)=FACL1(JA,LI)+FAC(JA) ONEH
RETURN ONEH

3 WRITE(8,900) ONEH
STOP ’ ONEH
900 FORMAT('0',131("+')/'MORE THAN 50 OME-ELE INTEGRALS'/131('*")) ONEH
END ONEH
SUBROUTINE TwWO(C!1,JJ,LIM2,11) TWOH
IMPLICIT REAL*8 (A-H,0-Z) TWOH
COMMON/FINT/LVEC(3,52),SLATOR(52,10) TWOH

COMMON/SUBINT/FAC(S),FAC1(3,50),FA02(3,100),FA03(3,200),FACh(3,300TWOH
.),INTl(SO),INT2(Q,100),INT3(G,200),lNTk(S,SOO),SLASHO(Z,10),D|FORBTWOH

-(4) TWOH
INTEGER SLATOR,SLASHO,DIFORB,1V(2) TWOH
REAL*8 LVEC TWOH

INTEGER IX(h,h)/l,2,3,h,3,k,1,2,2,1,&,3,4,3,2,1/ TWOH
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10
300

LOGICAL SPI} TVON
SPINCI,J ,K,L) (0. T.ISIGNCL, 1)*ISIGNCL,J)).OR. (0.AT.ISIAN(L,K)* Ti.ON

11S1GHCL, L)) THOH
1=11 : TUOH
J=JJ TVIOH
118=1ARS(SLASHOCL, 1)) THOH
12R=1ARS(SLAS!OC1, J)) TWOH
SIGN=1.D0 TWOH
DO 1 JA=1,2 THCH
DO 2 JB=1,2 THON
IF(JB.FN.JA) GO TO 2 THOH
IF(JB.EN.1) SIGN=-SIGHN THON
Iv(Ja) =1 TIOH
IV(JR)=J TVOH
IF(SPIN(SLASIIO(1,1),SLASHO(2,1V(1)),SLASHO(1,J),SLASHO(2,1V(2))) TWOH
1)GO TO 2 TVOH
11K=1ARS(SLASHO(2, 1V(1)) TVHOH
12K=1ABS(SLASHO(2,1V(2)) THOH
DO 3 JC=1,LIM2 TWOH
DO 6 JD=1,4 TVO1
1FCIIB.NE. INT2C¢I1X(1,JN),JC))GOTO6 TWOH
IFCI1K, NE.INT2(IX(2,JD),JC))GOT06 TWOH
IF(I2B.NE. INT2(1X(3,JD),JC))GOTO6 TWOH
IFCI2K.EQ.INT2(1X(k4,JD),JC))GOTO7 TWOH!
CONTINUF TWOH
GOTO3 T1/OH
DO &4 JD=1,11 TVOH
FAC2(JD,JC)=FAC2(JN,JC)+FAC(JN)*SIGN TWOH
GO TO 2 TVO!
CONT I NUE TVOH
LIM2=LIM2+1 TWOH
1F(100.LT.LIM2)GOTO10 TWOH
INT2(1,LIM2)=11PR TVIOH
INT2(2,LlH2)=IlK TWOH
INT2(3,LIM2)=12 TWOH
INT2(4,LIM2)=12 THOH
DO 5 Jbh=1,11 TIHOH
FAC2(JD, L1M2)=FAC(JN)*SIGN TWOH
CONT I NUE TVIOH
CONTINUE TVIOH
RETURN TVOH
RITE(8,900) TWOH
FORMAT('0',131('*')/20X, "MORE THAN 100 TWO-EL INTEGRALS'/131('+'))TWOH
STOP TWOH
END TWOH
SUBROUTINE THREE(C!,J,K,L3,11) THRH
IMPLICIT REAL=*8 (A=-H,0-Z) THRH
COMMON/F INT/LVEC(3,52),SLATOR(52,10) THRH

COIMMON/SUBINT/FAC(3),FAC1(3,50),FAC2(3,100),FAC3(3,200),FACL(3,300THR!
<), INT1(50),INT2(4,100),INT3(6,200),INT4(8,300),SLASHO(2,10),D1FORBTHRI:

. (L) THRH
INTEGER SLATOR,SLASHO,DIFORS, IV(3) THR*I
REAL*8 LVEC THRH
LOGICAL SPIN THRH
IMTEGER 1X(6,12)/1,2,3,4,5,6,3,4,1,2,5,6,5,6,3,4,1,2,1,2,5,6,3,4,5THR!!

.,6,1,2,3,4,3,4,5,6,1,2,2,1,4,3,6,5,4,3,2,1,6,5,6,5,4,3,2,1,2,1,6,5THR!!

.,4,3,6,5,2,1,4,3,4,3,6,5,2,1/ THRH
SPINCI,J, K, L, M, N)= (O.GT.ISIGNC1, I)*1SIGN(1,J)).0P.(0.GT.ISIGN(1,KTHRH

I)*ISIGM(L,L)).OR. (0. AT.ISIGN(CL,M)*ISIGNCL,N)) THRH
11B=1ABS(SLAS!"0(1,1)) THRH



i o

7
L
3
2

10

B=1ABS(SLASHO(1,4))
13B=1ABS(SLASHO(1,K))

THRH

THRH
DO 2 JA=1,3 THRH
DO 3 uJB=1,3 THRH
IF(JA.EQ.JB) GO TO 3 THRH
DO 4 JCc=1,3 THRH
IF((JC.EQ.JA).OR.(JC.EQ.JYB)) GO TO & THRH
IV(JA) =1 THRH
IV(JB)=dJ THRH
Iv(JC)=K THRH

IF (SPIN(SLASHO(1,1),SLASHO(2,1V(1)),SLASHO(1,J),SLASHO(2,1V(2)),STHRH

« LASHO(1,K),SLASHO(2,1V(3)

))) GO TO &4 THRH

SIGN=SI1G(3,JA,JB,JC, &) THRH
I1K=1ABS(SLASHO(2,iV(1))) THRH
I 2K=1ABS(SLASHO(2,1V(2))) THRH
1 3K=1ABS(SLASHO(2,1V(3))) THRH
DO 5 JDb=1,L3 THRH
DO 8 JUE=1,12 THRH
IFCI1IB.NE.INT3(I1X(1,JE),JD))GOTOS8 THRH
IFCI1IK.NE.INT3(1X(2,JE),JD))GOTOS THRH
IF(12B.NE.INT3(I1X(3,JE),JD))GOTOS8 THRH
TFCI2K.NE.INT3(1X(4,JE),JD))GOTOS THRH
IF(I3B.NE.INT3(1X(5,JE),JD))GOTOS8 THRH
IF(13K.EQ.INT3(1X(6,JE),JD))GOTO9 THRH
CONTINUE THRH
GOTOS THRH
DO 6 JE=1,I1 THRH
FAC3(JE,JD)=FAC3(JE, JD)+FAC(JE)*SIGN THRH
GO TO &4 THRH
CONTINUE THRH
L3=L3+1 THRH
IF(200.LT.L3)GOTO10 THRH
INT3(1,L3) = 118 THRH
INT3(2,L3) = [1K THRH
INT3(3,L3) = 12B THRH
INT3(4,L3)=12K THRH
INT3(5,L3)=13B THRH
INT3(6,L3)=13K THRH
DO 7 JE=1,11 THRH
FAC3(JE,L3)=FAC(JE)*SIGN THRH
CONTINUE THRH
CONTINUE THRH
CONTINUE THRH
RETURN THRH
WRITE(8,900) THRH
STOP THRH
900 fORMAT('O',131('*')/3OX,'MORE THAN 200 THREE*EL INTEGRALS'/131('* THRH
<')) THRH
END THRH
SUBROUTINE FOUR(I,J,K,L,LL,11) FORH
IMPLICIT REAL*8 (A-H,0-Z) FORH
COMMON/FINT/LVEC(3,52),SLATOR(52,10) FORH

COMMON/SUBINT/FAC(3),FAC1(3,50),FAC2(3,100),FAC3(3,200),FACL(3,300FORH
<), INT1(50),INT2(4,100),INT3(6,200),INT4{8,300),SLASHO(2,10),DIFORBFORH

. (L) FORH
INTEGER SLATOR,SLASHO,DIFORB, IV(4) FORH
REAL*8 LVEC FORH
INTEGER 1X(8,48)/1,2,3,4,5,6,7,8,3,4,1,2,5,6,7,8,5,6,3,4,1,2,7,8,7FORH

-+8,3,4, 5,6,1,2,1, 2,5,6, 3,4,7,8,1,2,7, 8,5,6,3,4,1,2,3,4,7, 8,5,6,5,6FORH

-, 1, 2131 4,7,8,3,4,5,6, 1,2,7,8,7, 8,1,2,5,6,3, 4,3,4%,7,8,5,6,1,2,7,8,3F0RH



-ll‘l 11 2, SIGI S'GI 3, L, 71 8o 11 21 11 2: 7' 8, 3, L, 5, 6’ 1, 2, 5, 6. 7, 8, 3, L, 7, S, 1' 2FORH
++3,4,5,6,7,8,5,6, 1, 2,3,4,5,6,1,2,7, 8,3,4,3,4,7,28,1, 2, 5,6,5,6,7,8,3F0RH
-o5,1,2,3,1, 5,6,7,8,1,2, 3,4,1,2,7, 8,5,6,5,6, 7,8,1,2,3,4, 7,8,5,8,3,4LFORY
L3 1: 2, 2, 11 l"r 31 6151 8’ 7, l"r 31 21 1' 6, 51 8' 71 6, 5, L”’ 3' 20 1, 2, 7r 8' 7, 4, 3, 6, 5, 2FOFH
-.1,2,1,6,5, 4,3,8,7,2,1, 8,7,6,5,1, 3,2,1,4,3, 8,7,6,5,8, 5,2,1,4,3,38, 7FOR!
-+4,3,6,5, 2,1,8,17,8, 7,2,1,6, 5,4,3,4,3, 8,7,6,5,2, 1,8,7,4,3, 2,1,6,5,6F0FH
+»5,4,3,8,7,2, 1,2,1,8,7,4, 5,6,5,2,1, 6,5,8,7,4, 3,8,7,2,1,4, 3,6,5,8, 7FOR!
-»6,5,2,1,4, 3,6,5,2,1, 8,7,4,3, 4,3,8,7, 2,1,6,5, 6,5,8,7, 4,3,2,1,4, 3,6F0FH
-+5,8,7,2, 1,4,3,2,1, 8,7,6,5,6, 5,8,7,2, i,4,3,8, 7,6,5,4, 3,2,1/7 FORI]
LOGICAL sPIN FORHM

SPIN(IB,IK,JZ,JK,KB,KK,LB,LK)= (O.GT.ISIGN(I,IB)*ISIGN(I,IK)).OP. FORH

l(O.GT.ISIGP(I,JZ)*ISIGN(I,JK)).OR.(O.GT.lSlGN(l,KB)*ISlGN(l,KK)).OFORH
2R.(O.GT.lSlGN(l,LB)*lSlGN(l,LK)) FOR}i
l18=lARS(SLASHO(1,l)) FORHN

IZB=IABS(SLASHO(1,J)) FOR"

|39=IABS(SLASHO(1,K)) FORH

lhR=lABS(SLASUO(1,L)) FORH

PO 1 JA=1,4 FOFRH

Do 2 JB=1,4 FORH

IF(JA.EQ.JR) GO TO 2 FOrH

Do 3 JC=1,4 FOR!!

IF((JC.EQ.JA).OR.(dC.EQ.dB)) GO TO 3 FORH

DO 4 JD=1,4 FCRH

IF((JD.EQ.JA).OR.(JD.EQ.JR).OR.(dD.EQ.dC)) GO TO 4 FOPH

1V(Ja) =) FOR!!

Iviun)=y FORH

1v{Jc) =k FORH

IV(Un) =L FORH

IF(SPIN(SLASHO(I,l),SLASHO(Z,lV(l)),SLASHO(I,J),SLASHO(Z,IV(Z)),SLFORH

.ASHO(I,K),SLASHO(Z,lV(3)),SLASHO(I,L),SLASHO(Z,lV(k)))) f0 TO 4 FoprH
FORH

SIGN=SIG(q4, JA,JB,JC,Jn)
FORH

l1K=lABS(SLASHO(2,lV(l)))
12K=IABS(SLAS”O(2,lV(Z))) FORH
I3K=IABS(SLASHO(2,lV(3))) FORH
lhK=IABS(SLASHO(2,lV(h))) FORY
DO 5 UE=1,Ly4 FOFH
DO 8 JF=1,4s8 FORH
lF(llB.NE.INTh(lX(l,JF),dE))GOTOS FORH
lF(llK.NE.INTh(IX(Z,dF),dE))GOTOS FOR!
IF(IZB.NE.lNTh(lX(B,JF),dE))GOTOB FORH
lF(l2K.NE.INTH(IX(Q,JF),JE))GOTO8 FORH
IF(I3B.NE.INTQ(IX(S,JF),JE))GOTOS FOFH
IF(I3K.NE.INTQ(IX(G,JF),JE))COTO8 FORH
IF(IQB.NE.lNTh(IX(?,JF),dE))GOTOS FORH
lF(IhK.FQ.lNTh(lX(S,dF),dE))GOTOQ FORH
CONTI NUE FORH
GOTOS FORH
DO 6 JF=1, 1 FORH
FAC#(JF,dE)=FACk(JF,dE)+FAC(dF)*SIGN FORH
GO TO 4 FORH
CONT I MUE FOR:!:
Li=Ly+] FOPRH
IF(300.LT.L4) Go TO 10 FORH
INTL(1,L4)=118B FORH
INTL(2, L) =11k FOR!:
INT4(3,Ly)=) 2 FORYH
INTG(L, Ly)=] 2k FOR:
INT4(5, Ly)=133 FORH
INTH(G,Lu)=13K FOR:!
= FORH

IMTL (7, Ly)=14p



Cc
c
c
c
c
c
c
c
c
c
c
C
c
c
c
c
(o
o]
c
c
c
c
Cc

c
c

INTL(B, Lu) =14k

DO 7 JUF=1,11
FACM(JF,L4)=FAC(JF)*SIGN
CONTINUE

CONTINUE

CONTINUE

CONTINUE

RETURN

10 WRITE(8,900)

900

HNWE g

1)
SToP
END
FUNCTION SIG(N, 1,J,K, L)
REAL*8 s|g
INTEGER 1v(yL)
IV(1)=|)
v(2)
V(3)
V(igy)
I SUM=
NM1=N-1
DO 1 uA=1,nNM1
JAl=UA+1
DO 1 uB=uA1,n
1 IF(IV(JA).GT.IV(JB)) I SUM=1SUM+1
SIG=1.DO*DFLOAT((-1)**ISUM)

RETURN
END

J
K
L

——

= ]

2
3
L
M

FORMAT(’O',IBI('*')/ZOX,'MORE THAN 300 FOUR-EL

REAL *8 LSSQMA(SZ,52)/270&*0.00/,EIGVAL(SZ,52),EIGVEC(52,52),

13(52),F1,F2,SPIN(22)
EQUIVALENCE(LSSQMA(I),EIGVAL(I))

THIS ROUTINE IS
TO TEN ELECTRONS.
SEEMS SENSELESS,

THE EIGENVALUES ARE ON THE
FIGURES. |F HIGHER ACCURACY
SUBROUTINE 'DEIGE'.

TO INCLUDE A

IS DESIRED,

THE ROUTINE CcAN HANDLE STATES WHICH ARE

52 SLATERDETERMINANTS.
FOLLOWING CHANGES HAVE TO BE MADE

IF A LARGER NUMBER OF SLATORS ARISE,

SET UP ToO CALCULATE LS-EIGENFUNCTIONS OF up
LARGER NUMBER OF ELECTRONS

SINCE RUSSELL~SAUNDERS COUPLING BREAKS DOWN
AVERAGE ACCURATE TO 11 SIGNIFICANT

CHANGE STATEMENT 5 IN

REPRESENTED BY up TO
THE

CHANGE THE DIMENSIONS OF LSSSQMA,EIGVAL,EIGVEC,B,SLDV,NUMDET

IN THE MAIN PROGRAM.
CHANGE THE FORMAT STATEMENTS
CHANGE DIMENS|ON OF SLDV,NUMDET

DETVAR

OPERAT

LsSsqQua

comp

ouUTPU

CONFIG ( 33),

INTEGER*2 DMAT(4,100),
SLDV ( 52,4,20)

licomv (20), r1sTA (20),
3,L|NE(22),STTE(2)
INPUT Is As FOLLOWS:

STATE (2),

IN THE SUBROUTINE SHREIB
IN SUBROUTINES

IVEC (20),
,NUMDET(SZ,20),CMAT(Q,20)

M THE NUMBER OF UNEQUIVALENT STATES TIMES 3

FO
—INTEGRALS'/131('*')FORH

FORH
FORH
FORH
FORH
FORH
FORH
FORH
FORH

RH

FORH
FORH
FORH
FSiG
FsIG
FsSIG
Fsig
FSIG
FSIG
FSlG
Fsia
FSIG
FSIG
FSIG
FSIG
FsiIaGg
FSiG
FsSlG
FSIG
LsSQT
LsSQT
LsaQTr
LsSQT
LSQT
LsQT
LsQTr
LsSQrT
LsSQT
LSQT
LsqQT
LsQT
LsSQT
LSQT
LSQT
LsQT
LsQr
LsQT
LSQT
LSQT
LsQT
LsaQT
LSQT
LsSQT
LsQT
LsQT
LsQT
Lsar
LsQT
LsQT
LsSQT
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0O000

I THE MNULNRER OF FELECRONS
COMFIGURATION: 1S1 2P2 3D1
STATE 3p 03 01

PUT M,N COMF,STATE, AS CONTINUOUS 14 1
IVEC CONTAINS THE POSITION FOR SLD IN DHMAT
ICOIPY CONTAINS THFE HMAXIMUM IVEC CAN REACH

AFTER THE STATE WITH ML=L AND MS=S HAS BEEN
APPLIED(IN SURROUTINE LMINUS) TO OBRTAIN ALL
VALUES OF tiL AND S,

THE OUTPUT IS WRITTEHN ON UNIT(6)

INTCOE COMPUTES THE INTEGRALS ORTAINED BY 0O
TWO-, THREE -, AND FOUR-FLECTRON-OPERATORS
IT WRITES THE RESULTS ON UNIT(8)

1 READ(S,QOI,END=23)M,N,(CONFIG(JI),J1=1,M)
DO 2 J1 = 1,52
DO 2 Jy2 = 1,52
2 LSSQMA(J1,J2) = 0.DRO

CALL VECT(IVEC,ISTA,ICOMV,H,COHFIG,N)
CALL EXPAND (STATE,CONFI1G, DMAT,N, M)

AFTER DMAT IS COMPUTED IT'S COLUMMS ARE USED

SLATERDETERMINANTS, WHICH ARE CHECKED IF THEY
K=0
11=N

01 00 01 02 01 02 03 02 01

MPUT

CONPUTEDR, L- & S- ART
POSSIBRLF F'FNS FOR ALL

PERATING WITH ONE-,

» (STATE(J1),J1=1,2)

TO SET UP ALL POSSISBLE
FULFILL THE STATE COND.

9 CALL DETVAR (DMAT,IVEC,SLDV,N,STATE,K,NUMDET,&&S)
1

IVEC(I1) = IVEC (11) +

IF (IVEC (11) .LT. 1COMV(I1)) GO TO 9

CALL RESET (IVEC,I1,&19,&29,N,ISTA,&19)
19 CALL CHECK (IVEC,1STA,&9 N ,&29,1C0OMY)
29 STTE(1) = STATE(1)

STTE(2) = STATE(2)

CALL OUTPU (SLDV,STATE,CONFIG,K,N,&QS,O,S

CALL OPERAT (SLDV,LSSQHA,K,STATE,CMAT,N,E

TTE)
ICVEC,B,&45,11)

CALL LMINUS (SLDV,EIGVEC,ll,K,N,CONFIG,STATE,H,FIGVAL)

CALL INTCOE(N,11,STATE)
45 GO TO 1
901 FORMAT (20 I &)
23 STOP
END

SUBROUTINE LMINUS (SLDV1,NMAT ,11,K,N,CONFIG,STATE,M,EIVEC)
THIS ROUTINE GENERATES ALL THE POSSIBLE FUNCTIONS WITH A GIVEN L AND
S-VALUE. FIRST L-MINUS IS APPLIED, THEN S-MINUS, AND THEN THE SLATER~
DETERMINANTS AND EIGENVECTORS ARE PRINTED OUT.

INTEGER*2 SLDV1(52,4,10),SLDV2(52,4, 10),
1,STTE(2)

INTEGER IVE(10)

REAL*8 EIVEC (52,52),F,FAC(10),MAT(K,K)

THE FOLLOWING STMTS GHECK IF A CLOSED SHELL
BE DISREGARDED FOR THE OPERATION OF L-MINUS

DO 110 J110 = 1,11
DO 110 uJi1l1ll1 = 1,k
110 EIVEC(J111,J110) = MAT(J111,K+1-0110)
ICFILL = 1
CALL FILL (SLDVl,EIVEC,K,ICFILL,N,—I,II)

CONFIG(33),STATE(2)

IS PRESENT.IF SO,IT WILL
OR S-MINUS

LSAT
LsQr
LsaT
LSQT
LSQT
LSQT
LsSQT
LSAT
LSQT
LsSaT
LsaT
LsaT
LSQT
LsSQT
LSOT
LSQT
LsaT
LSQT
LsQT
L30T
LSQT
LSQT
LsSQT
LsQT
LsSQT
LsSQT
LsaT
LSQT
LsSQT
LSQT
LSQT
LsSQT
LSQT
LSOT
LSQT
LSQT
LsQT
LSQT
LSQT
LsSQT
LsQT
LSQT
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LEMIN
LMIN
LMIN
LMIN
LMINM
LMIN
LMIN
LMIN
LM
LMIN
LMIN
LMIN
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101

11
10

ICOUNT=0

ILIt1=1

DO 10 J1 = 2,M,3

IF ((COMFIG(JL)*2+1)*2,EQ. (CONFIG(JL+1))) GO TO 11
ILIMZ =ILIM1+ CONFIG(J1+1) - 1

DO 101 U1l =1LIM1,ILIM2

ICOUNT=1COUNT+1

IVE(J11)= ICOURT

ILIML = ILIMZ +1

GO TO 10

ICOUNT = [COUNT +CONFIG (J1+1)
CONTINUE

IVE CONTAINS HOW ALL ORBITALS TO BE OPERATED UPON
ILIM2 SPECIFIES THE NUMBER OF THESE ORBITALS

KZ CONTAINS THE MUMBER OF SLATORS IN SLDhv2
ISIND IS THE INDICATOR TO SHOW IF ONE HAS TO OPERATE WITH

S

-PLUS OR S-MINUS

STTE(1) = STATE(1)
STTE(2) = STATE(2)
1S2 =1

ISIND = 1

STATE(1) IS EQUAL TO 2S+1

STATE(2) IS EQUAL TO L
STTE IS A VARIABLE WHICH COMTAINS MS AND MIL. SINCE THE ORIGINAL

E

M

IGENF'NS OF L AND S OP. ARE COMPUTED FOR THE {IGHEST 1S AND
L VALUES, STTE IS IDEMTICAL TO STATE AT THE START OF TiE ROUTINE

THE FOLLOWING METHOD 1S USED TO OPERATE UPOM F(L,S,ML,MS) VITH
S- AND L-..

I
9

12

13
14
l
18
15

16

17

THE VARIABLE MAT CONTAINS THE ORIGIMAL E'VECTORS. THE FIRST

K COLUMNS AND K ROWS OF EIVEC AREC FILLED WITH MAT.

THE VARIABLE ISIND iS SET TO +1 TO INDICATE THAT THE E'VECTOR
TO BE OPERATED UPON ARE IN THE FIRST 11 COLUMNS, THE E'VECTORS
OBTAINED BY OPERATION ARE TO BE PLUT IN THE LAST 11 COLUMNS

OF THE (52,52) MATRIX EIVEC.

F WE HAVE A SINGELET-STATE, NO OPERATION WITH S- OR S+

IF (STATE(1) .EQ. 1) GO TO 18

IF (ISIND) 13,13,12

CALL SOP(SLDVI,SLDVZ,(,KZ,EIVEC,FAC,ISIND,IVE,ILIM2,CONFIG,STATE,
ISTTE,I1S2,N,11,ICFILL)

GO TO 14

CALL SOP(SLDVZ,SLDVI,KZ,K,EIVEC,FAC,ISIND,IVE,ILIMZ,CONFIG,STATE,
ISTTE,IS2,N,11,ICFiILL)

ISIND = ISIND*(-1)

IFCCSTTE(L) .GT. 1) .AND. (STTE(1) .LT. STATE(1)))GO TO 3
F WE HAVE A S-STATE,!.E. STATE(2)=0 NO OPERATION WITH L~

IF (STATE(2) .EQ. 0) RETURN

IF (STTE(2)*(-1) .GE. STATE(2)) RETURN

IF (ISIND) 15,15,16

CALL LOP (SLDVZ,SLDVI,KZ,K,EIVEC,FAC,IVE,ILIMZ,N,II,ISIND,
ISTATE,CONFIG,STTE,ICFILL)

GO TO 17

CALL LOP(SLDVl,SLDVZ,K,KZ,EIVEC,FAC,IVE,ILIMZ,N,ll,ISIND,
1STATE,CONFIG,STTE,ICFILL)

1S2 = [S2%(~-1)

Lt i
LEIH
LEiT M
Liain
LMIN
LN
LM
LMIN
LM
LMIN
LMIN
LMIN
LidiN
LN
LMIN
LN
LMIN
LN
LMIH
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LI
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
LMIN
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Do
L

30

TH

IF
12
THE
13

THE

L
B

41
4o

ISIND = ISIND = (-1)
09

SUBROUTINE LoOP (SLI,SLZ,KI,KZ,EIVEC,FAC,IVE,ILIMZ,N,II,ISIND,
ISTATE,CONFIG,STTE,ICFIL
=MIN ON SL1, STORES THE RESULT IN SL2

REAL=»g EIVEC(52,52),FAC(10),F,DSQRT,DFLOAT
INTEGER=2 SL1(52,#,10),SL?(§2,4,10),SL3(1,Q,10)
2

INTEGER |VE (10)
LOOP 10 RuNs THRU ALL SLATORS

00P 11 THRU ALL COLUMNS WHICH DO NOT BELONG TO CLOSED SHELLS

DO 30 u30 = 1,52

DO 30 y31 = 1,4

DO 30 u32 = 1,10
SL2(J30,J31,J32) =0
12 = ¢

IF (ISIND -EQ. ~1) 12 = 52 - 11
2 = 3

DO 10 u1 =1,K1
Do 11 J1l=1,[LIM2

E NEXT sTMT CHECKS |IF ABS(ML). LT, (L)
IF (SLI(JI,Z,lVE(Jll)).LE.(-l)* (SLI(JI,3,IVE(J11))))GO TO 11

so, SL1(J1,#,%) g5 PUT INTO SL3(1,»,%)

DO 12 yj32 =1,N
DO 12 Ji21=1,4
SL3¢ 1,J121,012) = SLI(JI,JIZI,JIZ)

FACTOR FOR L-MINUS s CALCULATED

LMU = SL3(1,2,IVE(J11))
MLMU = SL3(1,3,IVE(J11))
F=DSQRT(DFLOAT(LMU*(LMU+1)-MLMU*(MLMU-I)))

DO 13 y13 =1,11
FAC(JU13)= ElVEC(dl,l:+d13J*F

ML-VALUE 3 DECREASED BY ONE
SL3(1,3,IVE(J11)) = SL3¢( 1,3,IVE(J11))-1

00P 40 CHECKS IF By OPERATION WiTH L- Two ORBITALS HAVE
ECOME IDENTICAL,THUS VIOLATING THE PAULI PRINCIPLE.

DO 40 J40 = 1,1LIM2

IF(Jyo -EQ. J11) GO To 49

IF (0 -EQ. J11+442) go TO 40
i

DO 41 uy1 = 1,
lF(SL3(1,Jk1,lVE(JhO)) - NE, SL3(1,J&1,IVE(J11)))GO TO 40

CONTINUE
GO To 11

CONTINUE
CALL SEARCH (SL2,K2,EIVEC,FAC,I1,IVE,ILIMZ,ISIND,SLB,N)

LMIN
LMIN
LMIN
L-op
L-0pP
L-op
L-0p
L-op
L-0p
L-op
L-0P
L-oP
L-op
L-0P
L-op
L-0p
L-oP
L-op
L-op
L-0op
L-op
L-op
L-opP
L-0P
L-oP
L-op
L-op
L-0op
L-op
L-oP
L-0P
L-0P
L-oP
L-op
L-op
L-0op
L-opP
L-oP
L-op
L-oP
L-op
L-op
L-0p
L-op
L-op
L-op
L-op
L-op
L-0op
L-op
L-0op
L-0op
L-0p
L-oP
L-op
L-oP
L-0P
L-opP
L-oP
L-op



C SEARCH LONKS IF SL3(1,*,%) IS ALREADY CONTAINED IN S12 L-0P
c

L-0oP

11 CONTINUE L-0P
10 CONTINUE L-0pP
STTE(2) = STTE(2)-1 L-0P

K2 = K2 -1 L-opP

CALL OUTPU (SL2,STATE,CONFIG,K2,N,&21,1,STTE) L-0P

21 J22 =52 - 11 L-0P
IF (ISIND _NE. 1) J22 =0 L-OP

c LOOP 50 NORMALIZES THE EIGENVECTORS L-0OP
DO 50 J50 =1,11 L-0oP

F = 0.D0 L-0P

DO 51 J51 = 1,K2 L-OP

51 F = F + EIVEC(J51,J22+J50)**2 L-0oP
DO 52 J52 = 1,K2 L-0P

52 EIVEC(J52,J22+450) = EIVEC(J52,J22+J50) /DSART(F) L-OP
50 CONTINUE L-op
DO 20 42 = 1,11 L-0OP

20 WRITE(6,900) J2, (J21,EIVEC(J21,J22+J2),J21=1,K2) L-0oP
CALL FILL(SL2,EIVEC,K2,1CFILL,N,ISIND,11) L-0P

900 FORMAT (////7' EIGENVECTOR' ,14,"%,"//10(4(LX,13,%)",D25.15)/)) L-0OP
RETURN L-opP

END L-0P
SUBROUTINE SoP (SL1,SL2,K1,K2,EIVEC,FAC,ISIND,IVE,IIIM2,CONF|G, S-0P
1STATE,STTE, IS2,N, 11, ICFILL) S-0P
INTEGER*2 SL1(52,4,10),SL2(52,4,10) +STATE(2),CONFIG(33),STTE(2) S-0OP
1,sL3(1,4,10) S~-0P
INTEGER IVE(10) S-0oP

C THIS ROUT. OPERATES WITH S+ OR S- ON SL1, STORING THE RESULT IN SL2 S-0P
C SL2 IS THEN PRINTED OUT TOGETHER WITH THE EIGENVECTORS S-0P
REAL*8 EIVEC(52,52),FAC(10),F S-0OP

DO 30 J30 = 1,52 S-0P

DO 30 J31 = 1,4 S-0P

DO 30 J32 = 1,10 S-0P

30 SL2(Jy30,4J31,932) =0 S-0P
K2 =1 S-0P

DO 10 J1=1,K1 S-0opP

c S-0P
c IND IS A NUMBER WHICH IS SET TN -1 IF A SPACE-ORBITAL S-0P
c IS REPRESENTED TWICE S-0°P
Cc S-0P
IND = 1 S-0oP

D0 11 J11=1,1L1IM2 S-0P

IF (IND) 12,12,13 S-0P

13 IF (J11.EQ.!1LIM2)GO TN 14 S-0P

(o S-0P
C FIRST IT IS COMPARED, IF TWO ADJACENT COLUMNS ARE EQUAL IN THE FIRST S-0P
C THREE QUANTUMNUMBERS. IF SO, J11l IS INCREASED BY TWN TIMES ONE S-0P
c S-0P
DO 113 J113 = 1,3 S-0OP
IF(SL1(J1,J113,1VEC(J11)) .NE. SL1(J1,J113,1VF(J11+1)))G0 TO 14 S-0P

113 CONTINUE S-0pP
IND=~1 S-0P

GO TO 11 S-0P

c S-0P
C STMT 1k CHECKS IF ONE CAN OPERATE WITH S+ NR S- ON SI1 s-0P
c S-0P
1 1F(SL1(J1,4,IVE(JI1)).NE.IS2 )GN TO 11 S-oP

c S-0P
c LOOP 15 PUTS SL1(JI1,*,*) INTO SL3(1,*,%) S-0P
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15

DO 15 J15=1,N
DO 15 J151=1, 4
SL3¢( 1,J151,J15)=SL1(J1,0151,J15)

THIS STMT CHANGES SL3(1,4,#) INTO ITS NEGATIVE

SL3¢( 1,&,!VE(J11))=SL3 (l,h,lVE(dll))*(-l)

LOOP 215 CHECKs IF Two ORBITALS ARE IDENTICAL

216
215

DO 215 y215 a 1,1L1M2
IF(J11 .Eq. J215) GO To 215

DO 216 U216 = 1,4

IF(SL3(1,J215,IVE(J11)) -NE, SL3(1,J216,|VE(J215)))GO TOo 215
CONT INUE

GO To 11

CONT INUE

C SEARCH LOOKS IF IDENTICAL SLATOR s CONTAINED N SL2
c

c

Qo0

o000

115
12

11
10

21

12 = ¢

IF (ISIND +EQ. =-1) 12=252-11

DO 115 yi11s5 = 1,11

FAC(U115) = ElVEC(dl,lZ*JllS)

CALL SEARCH (SL2,K2,EIVEC,FAC,II,lVE,lLIMZ,ISIND,SLB,N)
=]

CONTINUE
CONT I NUE

K2 = g2 - 3

STTE(1) = STTE(1) - |s2

CALL ouTpPu (SLZ,STATE,CONFIG,KZ,N,&ZI,I,STTE)
J22 = 52 - 9

IF (ISIND ,NE. 1) y22 = ¢

LooP 50 NORMALIZES THE EIGENVECTORS

DO 50 uso =1,11
F = 0.D0
DO 51 us51 = 1,K2

51 F = F + EIVEC(JSI,J22+JSO)**2
DO 52 ys52 = 1,K2

52 EIVEC(JSZ,J22*J50) = EIVEC(JSZ,J22+J50)/ DSQRT(F)

50 CONTINUE
DO 20 y2 = 1,11

20 WRITE(6,900) J2,(J21,ElVEC(JZI,d22*d2),d21=1,K2)
CALL FlLL(SLZ,ElVEC,KZ,ICFILL,N,ISIND,II)

900 FORMAT 7777 EIGENVECTOR',lh,'.'//IO(Q(QX,IS,')',025.15)/))
RETURN
END
SUBROUTINE SEARCH (SL,K,EIVEC,FAC,II,IVE,ILIMZ,ISIND,SP,N)

SEARCH LOOKS |IF SL(K,*,») s CONTAINED 1IN SL(1-K=1,»,%)
REAL*8 EIVEC(SZ,52),FAC(10),DFLOAT
INTEGER#2 SL(52,4,10) #SP(1,4,10)
INTEGER IVE(10)

IF SL(K,»,») 15s EQuAL SL(JI,*,*),THEN ONLY THE ENTRY IN EIVEC s
CHANGED

12=252-11
lF(lSlND.EQ.-l) 12=0

S-opr
s-op
S-op
s-op
S-op
s-op
s-op
S-0p
s-op
s-op
s-op
s-op
s-op
s-op
s-op
s-op
s-op
S-op
s-op
S~op
s-op
s-op
s-op
s-op
s-op
S-op
s-op
s-op
S-op
s-op
s-op
S-op
s-op
s-op
s-op
s-op
S-op
S-op
S-0pP
s-op
S-op
s-op
S-0P
s-op
s-op
S-op
s-op
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
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13

12
11

15
10
16

20

90

KM1=K-1
DO 10 J1=1,KM1

ISIGN = 1

DO 11 J11 =1,1LIM2

DO 12 J12 =1,1LIM2

DO 13 J13 =1,4

IF (SP(1,413,1VE(J11)) .NE. SL(J1,J13,1VE(J12))) GO TO 12
CONTINUE

IF (J11.NE.J12) ISIGN=ISIGN + 1

GO TO 11

CONTINUE

GO TO 10

CONTINUE

IF (ISIGN .EQ.1) ISIGN =2

DO 15 J15=1,11

EIVEC (J1,12+J15)= EIVEC (Jl,I2+d15)+FAC(d15)*DFLOAT((-1)**ISIGN)

RETURN
CONTINUE
DO 16 J16 =1,11
EIVEC(K,12+J16)= FAC(J16)
DO 20 J20 = 1,4
DO 20 J21 = 1,N
SL(K,J20,J21) = SP(1,J20,J21)
K=K+1
IF (K.LT.53) RETURN
WRITE (6,900)
0 FORMAT ('0 THERE ARE MORE THAN 53 SLATORS')
sSTOP

END
SUBROUTINE FILL (SL,EIGVEC,K,ICFILL +NOE,ISIND,I1)

THIS ROUTINE COMPRESSES THE SLATORS FROM 4-QN TO 1-QN

AND WRITES THE RESULT AS SLATOR(ICFILL,K,NOE) ON UNIT 3
THE EIGVECS ARE WRITTEN ON UNIT &

THE FIRST RECORD OF EACH WRITE CONTAINS THE NO. OF SLATORS

TNE NO. OF EIGVECS

SLATOR(#,*,%) CONTAINS THE COMPRESED INDEX CALCULATED
FROM SL(*,*,*)
N

L
ML ARE SELFEXPLANATORY

MS

REAL*8 EIGVEC(52,52),LVEC
COMMON/FILlN/LVEC(ZO,S,52),SLATOR,KVEC(20)
INTEGER*2 SL(52,4,10),SLATOR(20,52, 10)
INDG(N) = (N=2)»9-3

INDF(L,M) = L+LwL+M

KVEC(ICFILL) =K

DO 10 J10 = 1,K

DO 10 J11 = 1,NOE

N = SL(J10,1,J11)

L = SL(J10,2,J11)

ML= SL(J10,3,J11)

MS= SL(J10,4,J11)

LML = INDF (LML)

IF (N .LE. 2) GO TO 1

INCOMP = (LML+INDG(N))*MS

AND

SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
SRCH
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT
FILT



20
900

901
902

c
c
c
c
c
c
(o
C

12

14
15
16
i7

Gh TO 10

INCOMP = (LML+N)*MS

SLATOR (1CFILL,J10,J11) = INCOMP
J22 =0

IF (ISIND .EQ. 1) J22 =52 - |11
DO 20 JA=1,K

DO 20 JB=1,11
LVEC(|CFILL,JB,JA)=EIGVEC(JA,J22+JB)
JCFILL = ICFILL + 1

FORMAT (2014)

FORMAT (3D26.18)

FORMAT (214)

RETURN

END

SUBROUTINE INTCOE(NOF,11,STATE)

PURPOSE:

TO COMPUTE SYMBOLICALLY THE INTEGRALS WHICH ARE OBTAINED WHEN
APPLY ING THE OPERATOR H, HH AND SUMMING OVER A COMPLETE SET OF
L-S-EIGENSTATES

VARTABLES:

TERM: THE TERMSYMBOL, EOUIVALENT T0 STATE IN 'S0

INT*: ARRAYS IN WHICH THE SYMBOLIC FORM OF THE INTEGRALS IS STORED
FAC*: ARRAYS IN WHICH THE COMPUTE COEFFICIENTS ARE STORED
IMPLICIT REAL*8 (A-H,0-Z)
COMMON/FILIN/LVEC(ZO,S,52),SLATOR,KVEC(20)

COMMON /I TC/FAC,RECODE, SLASHO,DIFORB
COMMON/ITCZ/FACI,FACZ,FAC3,FACQ,lNTl,INT2,lNT3,INTh,LIM1,L|M2,LIM3
., LIMG

REAL*38 LVEC,FACI(S,SO),FAC2(3,100),FA03(3,200),FACh(3,300),FAC(3)
INTEGER INT1 (50),|NT2(Q,100),INT3(6,200),lNTh(8,300),DIFORB(4),
1RECODE,SLASHO(2,10)

INTEGER*2 SLATOR(20,52,10),STATE(2)
LIM=STATE(1)*(STATE(2)*2+1)

LIM1=0

LIM2=0

LIM3=0

LIML4=0

WRITE(8,910)

DO 12 JA=1,LIM

K=KVEC(JA)

WRITE(8,908) ((SLATOQ(JA,IAl,IAZ),IA2=1,NOE),IA1=1,K)
WRlTE(8,909)((LVEC(JA,IA1,lA2),IA2=1,K),|A1=1,l1)

{FC11.G6T.3) GO TO 11

DO 1 JA=1,LIM

K=KVEC(JA)

DO 1 JB=1,K

DO 1 JC=JB,K

CALL COMP1(JA, JB,JC,11,&1,NOE)

CALL SORT(NOE, 1)

CONTINUE

DLIM=DFLOAT(LIM)

DO 13 JA=1,11

DO 14 JB=1,LIM1

FAC1(JA, JB) =FAC1(JA,JB) /DLIM

DO 15 JB=1,LIM2

FAC2(JA, JB) =FAC2(JA,JB) /DLIM

DO 16 JUB=1,LIM3

FAC3(JA, JB)=FAC3(JA, JB) /DLIM

DO 17 JB=1,LIML

FAC4(JA, JB) =FACU(JA, JB) /DLIM

INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT

]
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9
9

10
11

00
0l

902

9
9
9
9
9

908
309
910

03
oL
05
06
07

CONT INUE

WRITE(S,QOO)L!Ml,LIM2,LIM3,L|M&

Do 7 JA=1,LIM1

WRITE(8,903) |NT1(JA),(FAC1(|A,JA),IA=1,I1)

DO 8 JA=1,LIM2
wR|TE(8,90u)(|NT2(lA,dA),|A=1,u),(FAc2(|R,JA),|B=1,|1)
IF(NOE.LT.3)RETURN

DO 9 JA = 1,LIM3

WRITE(8,905) (INT3(|A,JA>,|A=1,6),(FAc3(|A,JA),|A=1,11)
IF¢(NOE.LT.4)RETURN

D0 10 JA=1,LIML

WRITE(8,906) (|NTu(|A,JA),|A=1,8),(FAcu(|A,JA),|A=1,|1)
RETURN

WRITE(8,907)

STOP

FORMAT(2014)

FORMAT(3D26.18)

FORMAT(214)

FORMAT( 33X, 13, 3D25.15)

FORMAT(18x,2(3x,2l3),3025.15)
FORMAT(QX,3(3X,2|3),3025.15)

FORMAT( 4 (3X,213),3D25.15)

FORMAT('O',ISI('*')/QOX,'MORE THAN THREE LINEARLY INDEP

INCTIONS ' /131('*'))

11

~Nww

FORMAT(' ',2014)
FORMAT(' ',10D12.%)
EORMAT('1")

END

SUBROUTINE COMPI(LI,I,J,II,*,NOE)
REAL*8 LVEC(20,3,52),FAC(S),FACT
INTEGER SLASHO(Z,IO),RECODE,DlFORB(Q)
INTEGER*2 SLATOR( 20,52,10)
COMMON/ITC/FAC,RECODE,SLASHO,DlFORB
COMMON/FILIN/LVEC,SLATOR,KVEC(ZO)
I1SUM=0

RECODE=0

DO 1 JA=1,NOE
SLASHO(I,JA)’SLATOR(LI,I,JA)
SLASHO(Z,JA)=SLATOR(LI,J,JA)
FACT=1.D0

IF (J.EQ.1) GO TO 3

FACT=2.D0 .

DO 5 JA=1,NOE

po 6 JB=1,NOE
IF(SLASHO(I,JA).EQ.SLASHO(Z,JB)) Gn TO 2
CONTINUE

RECODE=RECODE+1

D1FORB(RECODE) =JA

IF (RECODE.GT.4) RETURN1

GO TO 5

IFC(JA.EQ.JB) GO TO 5

ISUM = ISUM+1

{ EX=S LASHO( 2, JA)

SLASHO(2,JA) = SLASHO( 2, JB)
SLASHO(2,JB) =1 EX

CONTINUE

DO 7 JA=1,11

FAC(JA)‘LVEC(LI,JA,|)*LVEC(LI,JA,J)*DFLOAT((-I)**ISUM)*FACT

| FCRECODE.EQ.0) RECNDE=1
RETURN

INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT
INTT

ENT ELGENFUINTT

INTT
INTT
INTT
INTT
INTT
COMT
COMT
COMT
COMT
COMT
COMT
CcoMT
coMT
CcoOMT
CcOoMT
CcoMT
coMT

COMT. . .

COMT
COMT
COMT
COMT
COMT.

‘COMT

COMT
COMT
COMT
coMmT
COMT
COMT
COMT
COMT
CcOoMT
COMT
COMT
comMT
COMT
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END

SUBROUTINE SORT(NOE, 1)

COMMON/1TC/FAC,RECODE, SLASHO,DIFORB
COMMON/ITCZ/FACI,FACZ,FACB,FACh,INT1,INT2,INT3,INTQ
., LIMGL

REAL*38 FAC(3),FACl(3,50),FACZ(3,100),FA03(3,200),FA
INTEGER SLASHO(2,10),DIFORB(4), INT1(50), INT2(4, 100)
1INT4(8,300),RECODE

Go TO (1,2,3,4),RECODE

DO 7 JA=1,NOE

CALL ONE (SLASHO,JA,FAC1,INT1,FAC,LIM1,11)

JBL=JA+1

IF (JBL.GT.NOE)GOTO 7

DO 6 JB=JBL,NOE

CALL TWO(SLASHO,JA,JB,FAC2, INT2,FAC,LIM2,11)

1 F(NOE.LT.3) GO TO 6

JCL=JB+1

1F(JCL.GT.NOE)GOTO 6

DO 5 JC=JCL,NOE

CALL THREE (SLASHO, JA, JB, JC, FAC3, INT3,FAC, LIM3,11)
IF (NOE.LT.4) GO TO 5

JDL=JC+1

1F(JDL.GT.NOE)GOTO 5

DO 8 JD=JDL,NOE

CALL FOUR(SLASHO,JA,JB,JC,JD,FACQ,|NTb,FAC,LIMu,l1)
CONTINUE

CONTINUE

CONT I NUE

CONTINUE

RETURN

JA=D| FORB(1)

JB=DIFORB(2)

CALL TWO(SLASHO,JA,JB,FAC2,INT2,FAC,LIM2,11)
1F(NOE.LT.3) RETURN

DO 9 JC=1,NOE

1F((JC.EQ.JA) .OR. (JC.EQ.JUB)) GO TO 9

CALL THREE (SLASHO, JA, JB, JC,FAC3, INT3,FAC,LIM3,11)
1F(NOE.LT.4) GO TO 9

JDL=JC+1

1F(JDL.GT.NOE)GO TO 9

DO 10 JD=JDL,NOE

1FC(JD.EQ.JA) .OR.(JD.EQ.UB) ,OR.(JD.EQ.JC)) GO TO 10
CALL FOUR(SLASHO, JA, JB, JC, JD, FACl, INT4, FAC, LIML, 11)
CONT INUE

CONTINUE

RETURN

JA=DIFORB(1)

JB=D1FORB(2)

JC=DIFORB(3)

CALL THREE(SLASHO,JA,JB,JC,FAC3, INT3,FAC,LIM3,11)
IF(NOE.LT.4) RETURN

DO 11 JD=1,NOE
1F((JD.EQ.JA) .OR. (JD.EQ.JB).OR,. (JD.EQ.JC))GOTO 11
CALL FOUR (SLASHO, JA, JB, JC,JD, FACY4, INT4, FAC, LIML, 11)
CONTINUE

RETURN

COMT
SRTT
SRTT

,LIM1, LIM2, LIM3SRTT

cu(3,300)
,INT3(6, 200),

SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT
SRTT

CALL FOUR(SLASHO,DIFORB(I),DIFORB(Z),DlFORB(3),D|FORB(&),FAC&,INTQSRTT

1,FAC,LIML,11)
RETURN
END

SRTT
SRTT
SRTT
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SUBROUTINE ONE(SLASHO,!,FAC1,INT1,FAC,LIM1,11)
REAL*8 FAC1(3,50),FAC(3)
INTEGER SLASHO(2,10), INT1(50)
KB=1ABS(SLASHO(1,1))

DO 1 JA=1,LIM1

Li=JA

IF (INT1(JA).EQ.KB) GO TO 2
CONTINUE

LIM1=LiM1+1

IF (50.LT.LIM1) GO TO 3
INT1(LIM1)=KB

DO &4 JA=1,11

FAC1(JA,LIM1)=FAC(JA)

RETURN

DO 5 JA=1,11
FAC1(JA,L1)=FAC1(JA,Ll1)+FAC(JA)
RETURN

WRITE(8,900)

STOP

FORMAT('0',131('+')/"MORE THAN 50 ONE-ELE INTEGRALS'/131('*"))
END

SUBROUTINE TWO(SLASHO,!1,J,FAC2,INT2,FAC,LIM2,11)

REAL#8 FAC2(3,100),FAC(3),SIGN

INTEGER SLASHO(2,10),INT2(4,100),1V(2)

INTEGER 1X(4,4)/1,2,3,4,3,4,1,2,2,1,4,3,4,3,2,1/

LOGICAL SPIN

TJN1CI,J)=MINOCI,J)+MAXO(L,Jd)*(MAXO(I ,J)=1)/2
SPINCI,J,K,L)=(0.GT.ISIGN(L, 1)*ISIGN(1,d)).OR.(0.GT.ISIGN(1,K)=
11SIGN(1,L))

11B=1 ABS(SLASHO(1,1))

12B=1 ABS(SLASHO(1,4))

SIGN=1.D0

DO 1 JA=1,2

DO 2 JB=1,2

IF(JB.EQ.JA) GO TO 2

IF(JB.EQ.1) SIGN==SIGN

1V(JA) =1

1V(JB)=J

IF(SPIN(SLASHO(1,1),SLASHO(2,1Vv(1)),SLASHO(1,J),SLASHO(2,1V(2)))

1)GO TO 2
11K=1ABS(SLASHO(2,1V(1)))
12K=1ABS(SLASHO(2,1V(2)))
DO 3 JC=1,LIM2
DO 6 JD=1,4

IFCI1B.NE.INT2(1X(1,JD), JC))GOTO6
IFCI1IK.NE.INT2(1X(2,4D),JC))GOTO6

IF(I12B.NE. INT2(1X(3,J4D),JC))GOTO6

1F(12K,EQ. INT2(IX(4,dD),JC))IGOTO7 '
CONT INUE

GOTO3

DO 4 JD=1,11
FAC2(JD,JC)=FAC2(JD,JC)I+FAC(JUD)*SIGN
GO TO 2

CONTINUE

LIM2=L1M2+1

1F(100.LT.LIM2)GOTO10
INT2(1,LIM2)=118B

INT2(2,LIM2) =] 1K

INT2(5,LIM2)=12B

INT2(4,LIM2) =] 2K

ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
ONET
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
TWOT
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DO 5 Jh=1,11 TWOT

FAC2(JD, LIM2)=FAC(JD)*SIGN TWOT
CONTINUE TWOT
CONTINUE TWOT
RETURN TWOT
WRITE(S‘QOO) T™WOT
FORMAT('0',131("'*') /20X, "MORE THAN 50 TWN-ELE INTERRALS'/131("*'))TWOT
sToP TWOT
END TWOT
SUBROUTINE THREE(SL,!,J,K,FAC3, INT3,FAC, L3, 11) THRT
REAL*8 FAC3(3,200),FAC(3),SIGN,SIG THRT
INTEGER SL(2,10),INT3(6,200), 1V(3) THRT
INTEGER lx(6,12)/1,2,3,u,5.6,3,h,1,2,5,6,5,6,3,4,1,2,1,2,5,6,3,k,5THRT
-'61 10 2: 3' !‘031 l‘l 51 5& 11 2' 20 1' l‘l 31 6' 5' [‘r 3' 2: 1: 6: sr 6' 51 L"I 3' 21 1' 21 1' 6' STHRT
-,4,3,6,5,2,1,4,3,4,3,6,5,2,1/ THRT
LOGI CAL SPIN THRT
TINLICI, J)=MINOCT,J)+MAXO(1, ) *(MAXOCI, J)=1) /2 THRT
SPINCI,J,K,L,M,N)= (O.GT.ISIGN(1,l)*ISIGN(I,J)).OR.(O.GT.ISIGN(I,KTHRT
1)*1SIGNC1,L)).0R.(0,.GT.ISIGNC1,M)*ISIANC1,N)) THRT
11B=1ABS(SL(1,1)) THRT
12B=1ABS(SL(1,J)) THRT
13B=1 ABS(SL(1,K)) THRT
DO 2 JUA=1,3 THRT
DO 3 JB=1,3 THRT
IFCJA.EQ.JB) GO TO 3 THRT
DO 4 JC=1,3 THRT
IF((JC.EQ.JA) .OR.(JC.EN.JB)) GO TO 4 THRT
1V(JA) =! THRT
1V(JB) =y THRT
tv(Je) =K THRT
IF (SPlN(SL(l,I),SL(Z,IV(1)),SL(1,J),SL(2,IV(Z)),SL(I,K),SL(Z,IV(STHRT
1)))) Go TO & THRT
SIGN=S1G:(3,UA, JB,JC, k) THRT
11K=1ABS(SL(2,1V(1))) THRT
12K=1ABS(SL(2,1V(2))) THRT
13K=1ABS(SL(2,1V(3))) THRT
DO 5 JD=1,L3 THRT
DO 8 JE=1,12 THRT
FFCIIB.NE.INT3(IX(1,JE), JD))GNTOS THRT
TFCI1K.NE. INT3(1X(2,JE), JD))GOTOS THRT
IFCI2B.NE.INT3(IX(3,JE), JD))GOTOS THRT
IFCI2K.NE.INT3C1X(4, JE), JD))GOTOS THRY
IFCI3B.NE.INT3(IX(5,JE), JD))GOTOS THRT
IFC13K.EQ.INT3(1X(6,JE), JD))GOTO9 THRT
CONTINUE THRT
GOTOS THRT
DO 6 JE=1,11 THRT
FAC3(JE, JD)=FAC3(JE, JD)+FAC(JE) *S1GN THRT
GO TO & THRT
CONT INUE THRT
L3=L3+1 THRT
1F(200.LT.L3)GOTO10 THRT
INT3(1,L3)=118B THRT
INT3(2,L3)=11K THRT
INT3(3,L3)=12B THRT
INT3(4,L3)=12K THRT
INT3(5,L3)=138B THRT
INT3(6,L3)=]3K THRT
DO 7 JE=1,11 THRT

7 FAC3(JE, L3)=FAC(JE)*SIGN THRT
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CONT INUE THRT

CONTINUE THRT
CONT INUE THRT
RETURN THRT
WRITE(8,900) THRT
sSTOP THRT
FORMAT('0',131('*")/30X, "MORE THAN 50 THREE*ELE INTEGRALS'/131("'*"THRT
1)) THRT
END THRT
SUBROUTINE FOUR(SL,I,J,K,L,FACQ,INTh,FAC,Lh,ll) FORT
REAL*8 FACu(3,300),FAC(3),SIGN,S!G FORT
INTEGER SL(2,10), INTL(8,300), 1V(L) FORT
INTEGER IX(8,k8)/1,2,3,h,5,8,7,8,3,4,1,2,5,6,7,8,5,6,3,&,1,2,7,8,7FORT
-~8,3,4,5,6,1,2,1,2,5,6,3,4,7,8,1, 2,7, 8,5,6,3,4,1,2,3,4,7,8,5,6,5, 6FORT
.,1,2,3,#,7,8,3,&,5,6,1,2,7,8,7,8,1,2,5,6,3,#,3,&,7,8,5,5,1,2,7,8,3FORT
.,u,1,2,5,6,5,5,3,Q,7,8,1,2,1,2,7,8,3,#,5,6,1,2,5,6,7,8,3,&,7,8,1,2FORT
. ,4,5,6,7,8,5,6,1,2,3,&,5,6,1,2,7,8,3,#,3,&,7,8,1,2,5,6,5,6,7,8,3FORT
vs4,1,2,3,4,5,6,7,8,1, 2,3,4,1,2,7,8,5,6,5,6, 7,81,2,3,4,7,8,5,6, 3, 4FORT
.,1,2,2,1,#,3,6,5,8,7,#,3,2,1,6,5,8,7,6,5,&,3,2,1,8,7,8,7,&,3,6,5,2FORT
-01,2,1,6,5,4,3,8,7,2,1, 8,7,6,5,4,3,2,1,4,3,8, 7,6,5,6,5,2,1,4,3,8, 7FORT
.,u,3,5,5,2,1,8,7,8,7,2,1,6,5,#,3,&,3,8,7,5,5,2,1,8,7,4,3,2,1,6,5,6FORT
.,5,#,3,8,7,2,1,2,1,8,7,#,3,6,5,2,1,6,5,8,7,#,3,8,7,2,1,&,3,6,5,8,7FORT
.,6,5,2,1,#,3,6,5,2,1,8,7,k,3,h,3,8,7,2,1,6,5,6,5,8,7,4,3,2,1,&,3,6FORT
.,5,8,7,2,1,#,3,2,1,8,7,6,5,6,5,8,7,2,1,u,3,8,7,8,5,h,3,2,1/ FORT
LOGICAL SPIN FORT
lle(l,J)-MINO(I,J)*MAXO(I,d)*(MAXO(I,J)-I)/Z FORT
SPlN(IB,IK,JZ,JK,KB,KK,LB,LK)- (O.GT.ISIGN(I,IB)*ISIGN(I,IK)).OR. FORT
1(0.GT.ISIGN(l,JZ)*lSlGN(l,JK)).OR.(O.GT.ISIGN(l,KB)*lSIGN(l,KK)).OFORT
2R.(0.GT.lSlGN(l,LB)*lSlGN(I,LK)) FORT
I'1B=1ABS(SL(1,1)) FORT
12B=1ABS(SL(1,J)) FORT
13B=1ABS(SL(1,K)) FORT
I4B=1ABS(SL(1,L)) FORT
DO 1 JA=1,4 FORT
DO 2 uB=1,4 FORT
IF(JA.EQ.JB) GO TO 2 FORT
DO 3 JC=1,4 FORT
IF((JC.EQ.JA).OR.(JC.EQ.JB)) GO TO 3 FORT
DO 4 JD=1,4 FORT
IF((JD.EQ.JA).OR.(JD.EQ.JB).OR.(JD.EQ.JC)) GO TO 4 FORT
1V(JA) =] FORT
1V(JB) =y FORT
IV(JC) =K FORT
1V(JD) =L FORT
IF(SPIN(SL(I,l),SL(Z,lV(l)),SL(l,J),SL(Z,IV(2)),SL(1,K),SL(2,IV(B)FORT
1),SL(1,L),SL(2,1V(L)))) GO TO 4 FORT
SIGN=S1G(4,JA,JUB,JC, dD) FORT
1'1K=1ABS(SL(2,1V(1))) FORT
12K=1ABS(SL(2,1Vv(2))) FORT
I3K=1ABS(SL(2,1V(3))) FORT
I 4K=1 ABS(SL(2,1V(4))) FORT
DO 5 JE=1,L4 FORT
DO 8 JF=1,48 FORT

lF(llB.NE.lNTh(lX(l,JF),JE))GOT08 FORT
IF(IIK.NE.INTh(IX(Z,JF),JE))GOT08 FORT
IF(I2B.NE.INTQ(IX(3,JF),JE))GOT08 FORT
IF(IZK.NE.INTH(IX(Q,JF),JE))GOTO8 FORT
IF(I3B.NE.INTQ(IX(S,JF),JE))GOTOS FORT
lF(l3K.NE.lNTu(IX(S,JF),JE))GOTOB FORT
IF(IMB.NE.INTh(IX(7,JF),JE))GOT08 FORT



FORT

lF(lhK.EQ.INTH(IX(8,JF),JE))GOT09
CONTINUE FORT
GOTOoSs FORT
bo 6 JF=1,11 FORT
6 FACH(JF,JE)=FAC&(JF,dE)+FAC(JF)*SlGN FORT
GO TO 4 FORT
5 CONTINUE FORT
L=l 443 FORT
lF(BOO.LT.L#)GOTOIO FORT
lNTb(l,Lh)ﬂllB FORT
lNTh(Z,L#)-llK FORT
lNTQ(S,Lh)=lZB FORT
lNTh(h,L4)=12K FORT
lNTb(S,Lh)=lSB FORT
lNTb(S,Lh)=I3K FORT
lNTh(7,Lh)=lhB FORT
INTb(8,Lh)=lhK FORT
7 JF=1,11 FORT
7 FACh(dF,Lh)=FAC(JF)*S'GN FORT
b CONTINUE FORT
3 CONTINUE : FORT
2 CONTINUE FORT
1 CONTINUE FORT
RETURN FORT
10 WRITE(8,900) FORT
900 FORMAT('O',131('*')/20X,’MORE THAN 50 FOUR-ELE-INTEGRALS’/131('*')FORT
1) FORT
STop FORT
END FORT
FUNCT 10N SIG(N,I,J,K,L) Fsiag
REAL*8 s)g FSIg
INTEGER Iv(y) FSiqg
IV(1)=y FsigG
IV(2)ay FSlag
1V(3)=k Fslg
IV(4) = ' FSi1g
1SUM=g FSIG
NM1=aN-] FSig
DO 1 JA=1,NM1 Fsiag
JAlaga+ ] Fsia
DO 1 JB=yAl, N FSig
1 lF(lV(JA).GT.lV(JB)) ISUM=|sum+ 1 FSsia
SlGﬂl.DO*DFLOAT((-1)**'SUM) FsiaG
RETURN FSlIG
END FSlg
SUBROUT INE VECT(IVEC,lSTA,ICOMV,M,CONFIG,N) VECT
INTEGER#2 IVEC(IO),ISTA(IO),lCOMV(IO),CONFIG(SS),ICOIA(IO), VECT
IICOIB(IO)/IO*I/,ICOI(IO) VECT
DO 11 y1 = 1,10 VECT
11 1CO1B(JU1) = 1 VECT
M3 = M/3 VECT
DO 10 y1 - M3 VECT
10 ICOI(J1)=(2*CONFIG(J1*3-1)+1)*2 VECT
ICO1A(1) = Ico1(1) VECT
DO 20 y1 = 2,M3 VECT
ICO1A(U1) = 1C01A(u1-1) 1C01(¢u1) VECT
20 1CO1B(JU1) = 1C01B(u1-1) 1C01(u1~1) VECT
J3 = 1 VECT
DO 30 y1 = 1,M3 VECT
VECT

Ji1 = CONFIG(J1*3)



31
30

DO 31 Jy2 = 1,411
IVEC(J3) = ICOIB(J1) + y2 -~ 1
ISTA (U3) = IVEC(J3)

J3 = g3 + 31

CONTINUE

J3 = N

DO 40 U1 = 1,M3

J1l1l = CONFIG((M3-g1+1)+3)

DO 41 v2 = 1,911

ICOMV(U3) = 1CO1A(M3~U1+1)~y2+2
J3 = g3-3

CONTINUE

RETURN

END
SUBROUTINE EXPAND (STATE,CONFIG,DMAT,N,M)

C THIS ROUTINE EXPANDS THE CONFIGURATION INTO ALL POSSIBLE STATES

10

10
20

10

300

Jl=]
J2=0

J3=0

Jih = M/3

DO 10 1I=1,yy

Jl=Jdil+yg2

J2 = 2x(2% CONFIG(3*1-1)+1)

J3 = u3 + y2

DO 10 u= y1,y3

DMAT (1,4) = CONFIG(3w]|=2)

DMAT (2,4) = CONFIG(3»1-1)

DMAT (3,J) = coNFig (3»1=-1) - (J=-u1)/2

DMAT (4,J) = (=1)wxwy
RETURN

END

SUBROUTINE RESET (IVEC,I,*,*,M,ISTA,*)

INTEGER*2 IVEC(20),1STA(C20)

IF (1.EQ.1) RETURN 2

IVEC(1-1) = jvggc (1-1) + 1

DO 10 u=1 M

IVEC (J) = IsTA (€1))

DO 20 y = |, ¢

IF ( IVEC (J-1) +GE. IVEC(J)) 1VEC (J) = JVEC (J-1)+1

IF (1.LT.M) RETURN3

RETURN 1

END

SUBROUTINE DETVAR (DMAT,IVEC,SLDV,N,STATE,K,NUMDET,*)
INTEGER*2 DMAT (M,IOO),IVEC(ZO),SLDV( 52,#,20),STATE(2),NUMDET(52,
120)

SUM1=0

SUM2=1

DO 10 u=1,N

SUM1 = suM1 + DMAT (3, IVEC(J))

SUM2 = suM2 + DMAT (4, 1VEC(J))

IF ( (SUMI.NE.STATE(Z)).OR.(SUMZ.NE.STATE(I))) RETURN
K=aK+1

IF (K .LE. 52) go TO 11

WRITE(6,900) Kk

RETURN 1

FORMAT('1 THERE ARE MORE THAN', 14, SLATERDETERMI NANTS ')

N

DO 20 42 = 1,
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NUMDET (K,J2) = IVEC (J2)
DO 20 J1 = 1,4
20 SLDV (K,J1,Jd2) = DMAT(J1l,I1VEC(J2))
RETURN
END
SUBROUTINE CHECK (1VEC,ISTA,*,N,*, 1COMV)
INTEGER*2 IVEC (20),1STA (20),1COMV(20)
39 CONTINUE
po 10 J=1,N

DETV
DETV
DETV
DETV
DETV
CHCK
CHCK
CHCK
CHCK

IF ¢ IVEC(J) .GE. 1COMV(J)) CALL RESET(IVEC,J,&10,&20,N,I1STA,&39)CHCK

10 CONTINUE

RETURN1
20 RETURN 2

END

SUBROUTINE OPERAT (SLDV ,LSSQMA,K,STATE,CMAT,N,EIGVEC,B,*,11)
THIS ROUTINE OPERATES WITH L-SQUARE AND S=SQUARE ON THE SLATORS
(WHICH ARE CONTAINED IN SLDV), IT SETS UP THE MATRIX LSSQMA
WHICH WILL BE DIAGONALIZED TO GIVE THE REQUIRED EIGENVALUES AND
EIGENVECTORS

INTEGER*2 SLDV ( 52,4,20),CMAT(4,20), STATE(2)
REAL*38 LSSQMA ( K,K ),EIGVEC(K,K),B(K),S2
IALPHA = N/2 + STATE(1)/2
IBETA = N - JALPHA
S2 = (1.25D=2)*DFLOAT(2*(1ALPHA+IBETA)+(1ALPHA=IBETA)**2)
DO 20 J=1,K
po 10 11=1,N
DO 10 I2=1,4
10 CMAT (12,11) = SLDV (J,12,11)
20 CALL LSSQUA ( CMAT, SLDV, K, LSSQMA, STATE, J,N,S2)

THE LOOP 60 COMPRESSES LSSQMA, SO THAT 1T CAN BE HANDLED
BY THE SUBROUTINE DEIGE

K1 = K-1
J3 = 1
Ji = 1
DO 60 J1 = 1,K1
DO 60 J2 = 1,K
LSSQMA(J2,J1) = LSSQMA(J3,J4)
J3 = J3 + 1
1F (J3 .LE. Jb4) GO TO 60
Jh = Jb + 1
I1F (J4 .GT. K) GO TO 61
J3 = 1
60 CONTINUE
i1F (K .EQ. 2) LSSQMA(1,2) = LSSQMA (2,2)

DEIGE 1S A REAL*8 JACOBI DIAGONAL1ZATION ADAPTED FROM SSP
61 CALL DEJIGE(LSSQMA,EIGVEC,K,0)

THE LOOP 70 PICKS OUT THE E'VALUES OF LSSQMA

J3 = 1

Ji = 1

DO 70 J1 = 1,K

DO 70 J2 = 1,K

IF (J3 .EQ. J&) B(J4) = LSSQMA(J2,J1)

CHCK
CHCK
CHCK
CHCK
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER



0o 000

[+ X2 X2

o000

000

C
c
c

J3 = J3 + 1
\F (J3 .LE. J&) GO TO 70
Jy = J4 + 1
J3 = 1
70 CONTINUE

SHREIB PRINTS OUT THE APPROPRIATE E'VECTORS
CALL SHREIB(ElGVEC,B,K,STATE,&lOO,Il)

RETURN
100 RETURN1

END
SUBROUTINE LSSQUA (CMAT, SLDV, K, LSSQMA, STATE,J1,N,S2)
TH1S SUBROUTINE DETERMINES THE ELEMENTS OF LSSQMA

REAL*8 LssaMA ( K,K ),F1,F2 ,S2 ,DFLOAT
INTEGER*2 CMAT (4,20),SLDV ( 52,&,20),STATE(2)
LSSQMA(J1,J1) = S2

NOW THE EXCHANGE OPERATOR 1S APPLIED ON CMAT

po 20 120 = 1,N
po 20 121 = 120,N
1F ( CMAT (4,120) .EQ. CMAT (u,121)) GO TO 20
CMAT (4,120) = CMAT (4,120)*(-1)
CMAT (4,121) = CMAT (L,121)* (-1)
CALL COMP (CMAT,K,SLDV,LSSQMA,R,dl,Fl,FZ,N)
CMAT (4,120) = CMAT(k,IZO)*(-l)
CMAT (4,121) = CMAT (4, 121)*(=1)
20 CONTINUE

NOW THE L-SQUARE=PART IS COMPUTED

1S = STATE(Z)*(STATE(2)+1)
LSSQMA(JI,J1)=LSSQMA(J1,J1)+DFLOAT(IS)
po 30 130 = 1,N
CMAT (3,130) = CMAT (3,130) +1
IF  (CMAT (3,130) .GT. CMAT (2,130)) GO TO 33
1J3 = CMAT (3,130)-1
po 3i 131 = 1,N
CMAT(3,131) = CMAT(3,131) -1
IF (CMAT (2,131) .LT. (-1)*CMAT(3,|31)) GO TO 32
1J1 = CMAT (2,130)
tJ2 = CMAT (2,131)
1J4 = CMAT (3,131) + 1
F1 = DFLOAT ( 1J1=( 1J1+1) - 193%(193+1))
F2 = DFLOAT ( 192+ (1J2+41) = 1Jb »(1J4-1))
CALL COMP (CMAT,K,SLDV,LSSQMA,S,JI,Fl,FZ,N)
32 CMAT(3,131) = CMAT(3,131)+1
31 CONTINUE
33 CMAT(3,130) = CMAT(3,130)-1
30 CONTINUE
RETURN

END
SUBROUTINE COMP ( MA,K,SLDV,LS,|,KL,F1,F2,N)

THIS ROUTINE COMPARES THE SLATOR MA WITH THE SLATORS IN SLDV AND
ASSIGNS APPROPRIATE MATR1 X-ELEMENTS OF LS
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c COMP

INTEGER AUSFAL(10) COMP
INTEGER*2 MA (4,20),SLDV ( 52,4,20) coMp
REAL*8 Ls ( K,K ),F1,F2 ,DSQRT, DFLOAT comp

DO 10 11 = 1,K COMP

DO 11 121 = 1,10 comp

11 AUSFAL(121) = 0O comp
INDIC=1 comMpP
ISIGN = 0 coMp

DO 30 13 = 1,N coMP

DO 20 12 = 1,N CoMP

DO 21 121 =1,INDIC coMP
IF(12 .EQ. AUSFAL(121)) GO TO 20 COoMP

21 CONT!NUE comp
DO 40 14 = 1,4 coMpP

IF ( MA  (14,13) .NE. SLDV (11,14,12)) GO TO 20 COMP

40 CONTINUE COMP
AUSFAL(CINDIC) =12 comp
INDIC=INDIC+1 comMP
IFC13.NE.12)ISIGN=1SIGN+1 COMP

GO TO 30 coMp

20 CONTINUE COoMP
GO TO 10 coMpP

30 CONTINUE COMP
GO TO 1 comp

10 CONTINUE comp
RETURN comMpP

1 IF(ISIGN.NE.0)ISIGN=ISIGN+1 COMP
1F(l1.EQ.3)G0 TO 2 comMp

LS (11,KL) = LS (11,KL)+(5,D=2)*DFLOAT ((-1)**MOD(ISIGN,2)) comp
RETURN CoMP

2 LS (11,KL) = LS(11,KL) + DSQRT(F1*F2)*DFLOAT((=1)#**MOD(ISIGN,2)) COMP
RETURN comp

END comp
SUBROUTINE SHREIB(MAT,EVAL,K,STATE,»,11) SHRB

c SHRB
c THIS ROUTINE WRITES OUT THE E'VECTORS FOR THE SHRB
c GIVEN TERM AND CONFIGURATION SHRB
c SHRB
REAL*8 MAT(K,K),EVAL(K),ST1,ST2 SHRB
INTEGER*2 STATE(2) SHRB

IST1 = STATE(2)*(STATE(2)+1) SHRB

IST2 = STATE(1l) -1 SHRB

ST1 = DFLOAT(IST1) + 1.25D=2«DFLOAT(IST2* (1ST2+2)) SHRB

11 =0 SHRB

DO 10 J1l = 1,K SHRB

IF (DABS(ST1-EVAL(K=-J1+1)) .GT. 1.D=-9) GO TO 11 SHRB

1l =11+ 1 SHRB

10 CONTINUE SHRB
11 11F (11 .EQ. 0) GO TO 12 SHRB
WRITE(6,900) 11 SHRB

DO 20 J1 = 1,11 SHRB

ST2 = DABS(ST1-EVAL(K=J1l+1)) SHRB

20 WRITE(6,901) J1,ST2, (J2,MAT(J2, (K=J1+1)),Jd2=1,K) SHRB
RETURN SHRB

12 WRITE (6,902) SHRB
RETURN1 SHRB

900 FORMAT (///7//7° THERE EXIST',I4,' LINEARLY INDEPENDENT EIGENFSHRB
1UNCTION(S) ') SHRB

901 FORMAT (///' EIGENVECTOR',Iu4,',.',60X, 'EIGENVALUE ROUND-OFF ERROR SHRB
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SHRB

902 FORMAT(////' THERE EX1STS NO STATE WITH THE GIVEN ML AND MS VALUESSHRB

1'/' FOR THE ABOVE CONF!GURAT\ON')

SHRB

END SHRB
SUBROUTINE OUTPU(MAT,STATE,CONF,K,N,*,lD,STTE) ouTl
ouTl

TH1S ROUTINE PRINTS ouT1
THE NUMBER OF ELECTRONS ouTl

THE CONF 1GURAT 10N ouT1l

THE VALUES OF ML AND MS. ouT1l
ouT1l

INTEGER*2 MAT(SZ,R,10),STATE(2),CONF(33),CON(8)/'S v, tp ','D ','F OUT1
1','c ','H v,y tL 'K /. LINE(22)/22*' ' ,lTl,lTZ,STTE(Z) ouTl
REAL*8 SPlN(ll),ALPH/'ALPHA v/,BET/’ BETA v/ ouTl

N2 = N*2 ouT1l
1K=l ouTl
ouT1l

THE NEXT STMTS FILL THE VAR! ABLE TLINE' UP WITH ouTl
THE PRINTOUT FOR THE CONF 1 GURAT 10N oUT1l
ouTl

JK = 2 ouT1

31 INCR=0 ouT1l
30 LINECIK) = CONF (JK=1) ouTl
LINECIK+1) = COW(CONF(JK)+1) ouTl

1K = 1K +2 ouTl
INCR = INCR +1 ouTl
ouTl

THIS STMT CHECKS IF ALL THE ORBITALS FOR EACH ELECTRON ouTl
HAVE BEEN EXHAUSTED. ouTl
ouTl

IF C(INCR .NE. CONF (JK+1)) GO TO 30 ouTl

JK = JK + 3 ouTl

IF (1K LT.N2) GO TO 31 ouT1
ouTl

1T1 AND TI2 CONTAIN THE VALUE OF ML AND MS. ouTl
MS CAN BE HALF I NTEGRAL ouTl
ouTl

1T1 = STATE(2) ouTl
1ST1 =STATE(1) ouTl

T12 = FLOAT (1sT1-1)/2.0 ouT1
1T11 = STTE(2) ouTl
1sT2 = STTE(1) ouTl
Ti21 = FLOAT(lSTZ-lSTl) + FLOAT(lSTl-l)/Z.O ouT1l

1F (1D .EQ. 1) GO TO 42 ouTl
WRITE (6,910) N,(LINE(|),|=1,N2) ouTl

IF (K .NE. 0) GO TO .l ouTl
WRITE(6,914) 1T1,T12 ouTl
RETURN1 ouUT1l

L2 WR1TE(6,915) ouT1
Ll WRITE(6,913) |T1,IT11,T|2,Tl21,(LINE(|),|=1,N2) ouTl
po 33 1K = 1,K ouTl

po 34 tJ = 1,N ouTl

1F (MAT(IK,h,IJ))35,3S,36 ouTl

35 SPIN (1J4) = BET ouT1
GO TO 3h ouT1l

36 SPIN(1J) = ALPH ouTl
34 CONTINUE ouT1l
WRITE (6,911) IK,(MAT(IK,S,IL),lL = 1,N) ouTl
WRITE (6,912) (SPINCIL),IL = 1 ouT1l

33 N)
910 FORMAT('l',SX,'L-S ElGENFUNCTlaNS BY DIRECT D1 AGONALIZAT

1ON'///6X,0UT1
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1 "THE NUMBER OF ELECTRONS 1S',15//6X, '"THE ORBITAL OCCUPANCY IS',63X0UT1

2,11(12,A2)) oUT1
911 FORMAT ('0',3X,13,"'.',3X,11(12,"=ML",4X)) oUT1
912 FORMAT (' ',10X,11(A8,1X)) ouUT1
913 FORMAT(' '//5X,' L=',12," ML=',12," S=',F4,.1," MS=',FL4,1//0UT1

1/5X,"' THE POSSIBLE SLATERDETERMINANTS CORRESPONDING TO THE GIVEN 00UT1
2RBITAL OCCUPANCY AND VALUES OF ML AND MS ARE'//' ',6X,11(5X,12,A2 OUT1

3)) ouT1
914 FORMAT('- L=ML="?,13,10X,'S=MS=' ,F5,1///"'" THERE EXISTS NO SLATOOUT1
1R WITH THE GIVEN ML AND MS VALUES'/' FOR THE ABOVE CONFIGURATION')OUT1
15 FORMAT('1') ouTl
RETURN ouT1
END ouT1
IMPLICIT REAL*8 (A-H,0-Z) MAIN
COMMON/ALL/EXPCOE(5,10) ,0RBEXP(15),H(5,5,3),CHARGE,QN,NOBT(3), ISYMMAIN
., FDUB MAIN
INTEGER INTNO2,QN(15),FDUB, INFO(4),0RB(3) MAIN
COMMON/HINZ/S,F,L,NOB,NORB, CLOSED MAIN
COMMON/ONE/FAC1(50),FHH1(5,5,4),FH1(5,5,4),1INT1(50),LIM1 MAIN
COMMON/TWO/FH2(5,5,4),FHH2(5,5,4) ,FAC2(100),LH2(5,5,4,4),LHH2(5,5,MAIN
b,4),INT2(4,100), INTNO2(100),NULL2(100),LIM2, INTLI2 MAIN
COMMON/THREE/FAC3(200) ,FHH3(5,5,4),LHH3(5,5,4,4),INT3(6,200), INTNOMAIN
.3(3,100),LIM3, INTLI3,NULL3 ) MAIN
LOGICAL NULL2,NULL3(100),NULL4(100),CLOSED(3,4),LOGCOM(3) MAIN
COMMON/FOUR/FACL(300),FHHL(5,5,4),LHHL4(5,5,4,4), INTL(8,300), LIML, NMAIN
+ULLL MAIN
REAL*8 F(5,5,4),LH2,LHH2,LHH3, LHHL,S(5,5,3) ,HH(5,5,3),L(5,5,4,4),0MAIN
<ENER(3,4),EXHH(3,4),ENERGY(3,4),C0MV(3),COMPLV(3) MAIN
CALL LOGIOU(INFO,'2 ',&100) MAIN
FDUB=INFO(1) MAIN

CALL INPUT(ORB,NOBT,LIM1,LIM2,LIM3, LIM4, METHOD, INTLI2, INTLI3,QN,CHMAIN
«ARGE, WK, CLOSED,ORBEXP,EXPCOE, INT1,FAC1, INT2,FAC2, INT3,FAC3, INTL4, FAMAIN
.Ch, INTNO2, INTNO3,NULL2,NULL3, ITEFAC, I0OPT, THRH, TAU) MAIN

1 COMPL=0 MAIN

CALL ONEINT(HH,S) MAIN

IFC1OPT.LT.1)INTLI2=0 MAIN

CALL OUTO(H,HH,S,EXPCOE,NOBT,ORB) MAIN

DO 20 ITER=1,ITEFAC MAIN

IF(ITER.NE.1)GOTO2 MAIN

DO 1 JA=1,3 MAIN

LOGCOM(JA)=0RB(JA).EQ.O MAIN

COMPLV(JA)=0.D0 MAIN

DO 10 JA=1,3 MAIN

1F(ORB(JA).EQ.0)GOTO10 MAIN

CALL RENORM(NOBT(JA),ORB(JA),JA,EXPCOE,S) MAIN

CONTINUE MAIN

GOTO4 MAIN

COMV (1) =COMPLV(1) MAIN

COMV(2)=COMPLV(2)=-COMV(1) MAIN

IF(COMV(2).LT.0.D0)COMV(2)=0.D0 MAIN

COMV(3)=COMPLV(3)=-COMV(2)-COMV(1) MAIN

IF(COMV(3).LT.0.D0)ICOMV(3)=0.D0 MAIN

DO 3 JA=1,3 MAIN

LOGCOM(JA) =LOGCOM(JA) .OR, (COMV(JA),LT.1.D-8) MAIN

LIMDI3=0 MAIN

LIMDI =0 MAIN

COMPL=1.D0 MAIN
WRITE(8,900)1TER MAIN

LIM21=1 MAIN

1IF(ICOMPL.EQ.1)LIM21=2 MAIN



MAIN

Do 23 ISYM=1,LIM21
NORB=0RB(ISYM) MAIN
IF(LOGCOM(ISYM))GOTOZI MAIN
IF(NORB.EQ.O)GOTOZI MAIN
NOB=NOBT(ISYM) MATI N
DO 3 JA=1,NOB MAIN
DO 39 JB=1, NoB MAIN
DO 39 JC=1, 4 MAIN
FHI(JA,JB,JC)=O.DO MAIN
FHHI(JA,JB,JC)=O.DO MAIN
FH2(JA,J8,JC)=0.DO MAIN
FHH2(JA,JB,JC)=0.DO MAIN
FHH3(JA,JB,JC)=O.DO MAIN
FHHQ(JA,JB,JC)=O.DO MAIN
Do 39 JD=1,4 MAIN
LH2(JA,JB,JC,JD)=O.DO MAIN
LHH2(JA,JB,JC,JD)=O.DO MAIN
LHH3(JA,JB,JC,JD)=O.DO MAIN
30 LHHQ(JA,JB,JC,JD)=O.DO MAIN
CALL OUTOI(EXPCOE,NOB,NORB,lSYM) MAIN
CALL ONEEL(NOB,ISYM,H,HH) MAIN
CALL OUTI(FHI,FHHI,NORB,NOB,ISYM) MAIN
CALL TIME(I,I) MAIN
CALL TWOELE MAIN
CALL TIME(I,I) MAIN
ALL OUT2(FH2,FHH2,LH2,LHH2,NOR8,NOB,1,1,ISYM) MAIN
IF(METHOD.E +1.0R. LM *£Q.0)G0T03] MAI N
CALL THREEL(LIMDI3,NORB,NOB) MAIN
CALL TIME(I,I) MA|IN
CALL OUT3(FHH3,LHH3,NORB,NOB,lSYM) MAIN
lF(LlM#.EQ.O)GOTOBI MAIN
CALL FOUREL(NORB,NOB,L!MDIQ) MAIN
CALL TIME(I,I) MAIN
CALL OUT#(FHH#,LHH#,NORB,NOB,I,ISYM) MAIN
31 CALL COMB'N(METHOD,ISYM,ORB,NOBT,FHI,FHHI,FH2,FHH2,FHH3,FHHQ,LH2,LMAIN
.HH2,LHHS,LHH#,WK,EXPCOE,ENERGY,EXHH,TAU) MAIN
ALL TlME(l,l) MAIN
CALL OUT#(F,L,NORB,NOB,I,ISYM) MAIN
c HINZE THE ROUTINE EMPLOY I NG THE HINAE-ROOTHAAN METHOD MAIN
c DiAGo EMPLOYS NORMAL DlAGONALlZATION MAI N
CALL HINZE(EXPCOE,lSYM,ORB,COMPL) MAIN
c CALL DIAGO(EXPCOE,NOBT,ISYM,FHI,FHZ,FHHI,FHHZ,FHHS,FHH&,WK) MAIN
CALL TIME(I,I) MAIN
NRITE(B,QOZ)COMPL MAIN
COMPLV(ISYM)=COMPL MAIN
902 FORMAT (1o COMPL = ',1PD8.1) MAIN
CALL RENORM(NOB,NORB,lSYM,EXPCOE,S) MAIN
CALL ENER(ISYM,EXPCOE,FHI,FHZ,NOBT,ORB,ENERGY) MAIN
CALL AHH (FHY ¢ FHH2, H3,FHHQ,EXPCOE,ISYM,NOBT,ORB,EXHH) MAIN
CALL OUTOI(EXPC NOB, RB, IsY MAIN
21 CONTINUE MAIN
CALL OUTPUT(EXPCOE ORBEXP,EXHH ENERGY, yk COMPL,ORB,NOBT METHOD,!TEMAIN
-R,QN, I comp +CHARGE MAIN
CNVRGC(EXPCOE,ITER,NOBT,ORB &22) MAIN
lF(COMPL.LT.l.D-13)GOT022 MAIN
IF(ITER.EQ.I)CALL OUTS(INTLIZ,INTNOZ,NULLZ,INTLIB,INTNO3,NULL3) MAIN
CALL AITKEN(EXPCOE,lTER,NOBT,ORB) MAIN
20 CALL REW!ND(3) MAIN
lF(lOPT.EQ.O)GOTOZS MAIN
MAIN

lF(lOPT.EQ.OJREAD(S,QOS)Il1
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FORMAT (2014)

MAIN

GOTO12 MAIN
CALL REWIND(3) MAIN
1COMPL=1COMPL+1 MAIN
IF(1COMPL.EQ.1)60TOS MAIN
IOPT=10PT+1 MAIN
IFC(I0PT.GT.1)G0TO12 MAIN
CALL OPTIM(ORB,ENERGY,EXHH,WK,METHOD,iOPT,LlMu,TAU) MAIN
GOTO11 MAIN
WRITE(G6,901) MAIN
sSTOoP MAIN
FORMAT('1 ITERATION NO. ',13) MAIN
FORMAT(' LOGIOU HAS WRONG RETURN?') MAIN
DEBUG UNIT(Q),SUBCHK,TRACE MAIN
END MAIN
SUBROUTINE INPUT(ORB,NOBT,LIMI,LIMZ,LIMS,Lth,METHOD,INTLIZ,INTLI3INPT

.,QN,CHARGE,WK,CLOSED,ORBEXP,EXPCOE,lNTl,FACl,lNTZ,FACZ,lNT3,FAC3,llNPT

.NTQ,FAC#,INTNOZ,lNTNOS,NULLZ,NULLB,ITFA,IOPT,THRH,TAU)

IMPLICIT REAL*8(A-H,0~7)

IN
REAL=»g CHARGE,WK,ORBEXP(IS),EXPCOE(S,10),FACl(SO),FACZ(lOO),FACS(ZINPT

-00),FAC4(300)

INPT
PT

INPT
INTEGER ORB(B),NOBT(3),QN(15),lNTI(SO),lNTZ(k,lOO),lNT3(6,200),lNTINPT

.h(8,300),lNTN02(100),lNTNO3(3,100)
LOGICAL CLOSED(3,Q),NULL2(100),NULL3(100),NULLh(lOO)

INPT
INPT

COMMON/RENOR/INNO(IO),ISTA(3),lNNOR(lO) INPT
READ(S,908,END=230)ORB,NOBT,ITFA,IOPT,lREAD,METHOD,INTLIZ,INTLIB,NINPT
-UM, IDEN INPT
TAU=0,Dp0 INPT
lF(METHOD.EQ.6)TAU-DFLOAT(NUM)/DFLOAT(IDEN) INPT
READ(5,908)qN INPT
READ(S,QOQ)CHARGE,WK,THRH INPT
READ(5,913)CLOSED INPT
READ(5,909)0RBEXP INPT
READ(S,QOB)NORBT,ISTA,(lNNO(dA),JAﬂl,NORBT),(lNNOR(JB),JBﬂI,NORBT)INPT
DO 1 JA=1,NORBT INPT
READ(S,SOQ)(EXPCOE(JB,INNO(JA)),JB=1,5) INPT
CONTINUE INPT
READ(5,908)LIM1,LIM2,LIM3,LIM4 INPT
DO 5 uA=1,LIM1 INPT
READ(S,SOO)lNTl(dA),FACl(JA) INPT
DO 6 JA=1,LIM2 INPT
READ(5,910)(INTZ(JB,JA),JB=1,h),FACZ(JA) INPT
IF(LIM3.EQ.0)GOTO81 INPT
DO 7 UA=1,LiM3 INPT
READ(5,911)(INT3(JB,JA),JB=1,6),FACS(JA) INPT
lF(Lth.EQ.O)GOTO81 INPT
DO 8 uJA=1, LMy INPT
READ(5,912)(INTQ(JB,JA),JB=1,8),FAC&(JA) INPT
IF(IREAD.EQ.O)RETURN INPT
WRITE(10,902) . INPT
WRITE(10,903)0RB,NOBT,lSTA,LlMl,LlM2,LlM3,Lth INPT
WRITE(IO,QI#)INNO,INNOR INPT
WRlTE(IO,QOQ)CHARGE,WK,THRH INPT
WRITE(IO,QI&)ITFA,IREAD,METHOD,INTLIZ,lNTLl3 INPT
WRITE(10,915)qQN INPT
WRITE(IO,QOQ)ORBEXP INPT
DO 82 ua=1,3 INPT
NO=0ORB (JA) INPT
1F(NO.EQ.0)GOTO82 INPT
INPT

WRITE(IO,QOQ)((EXPCOE(JB,lNNO(lSTA(JA)*JC)),JB=1,5),JC=1,N0)



82 CONTINUE INPT

DO 120 JA=1,LIM1 INPT
120 WRITE(10,904)FAC1(JA), INT1(JA) INPT
DO 12 JA=1,LIM2 INPT
12 HRITE(IO,SOQ)FACZ(JA),(INTZ(JB,JA),JB=1,M) INPT
|F(METHOD.EQ.1.0R.LIM3,.EQ.0)GOTO140 INPT
WRITE(10,905) INPT
DG 13 JA=1,LIM3 INPT
13 NRITE(IO,QOQ)FACS(JA),(INTS(JB,JA),JB=1,B) INPT
WRITE(10,905) INPT
DO 14 JA=1,LIM4 INPT
14 WRITE(IO,QOQ)FACQ(JA),(INTk(dB,JA),dB=1,8) INPT
140 IFC(IREAD.EQ.1)RETURN INPT
READ(1'15000000,908)INTL!I2, INTLI3 INPT
DO 15 JA=1,INTLI2 INPT
15 READ(1'(20000+JA)*1000,901)NULL2(JA),INTNOZ(JA) INPT
IFC(IREAD.EQ. 2)RETURN INPT
DO 16 JA=1,INTLI3 INPT
16 READ(l'(30000+JA)*1000,901)NULL3(JA),(INTNOS(JB,JA),JB=1,3) INPT
RETURN INPT
230 STOP INPT
800 FORMAT (33X, 13,3D25,15) INPT
901 FORMAT(LQ‘HIR) INPT
902 FORMAT('1'") INPT
903 FORMAT ('0',3(313,3X),413) INPT
904 FORMAT(' ',D20.10,10X,814) INPT
905 FORMAT (///) INPT
908 FORMAT (2014) INPT
909 FORMAT (5D15,7) INPT
910 FORMAT (18X, 2(3X,213),3D25.15) INPT
911 FORMAT (9X, 3(3X,213),3D25,15) INPT
912 FORMAT (4(3X,213),3D25,15) INPT
913 FORMAT (40L2) INPT
914 FORMAT('0"',2(1013,5X%)) INPT
915 FORMAT('0',2014) INPT
END INPT
SUBROUTINE OUTO(H,HH,S,EXPCOE, NOBT,ORB) oUT1

REAL*38 EXPCOE(S,IO),H(S,5,3),HH(5,5,3),8(5,5,3),FH1(5,5,&),FHH1(5,0UT1
.5,&),FH2(5,5,&),FHH2(5,5,h),FHHB(S,S,h),FHHh(S,5,u),LHZ(S,S,h,h),LOUTl

.HHZ(S,S,h,h),LHH3(5,5,h,h),LHHh(5,S,h,k) ouT1
INTEGER ORB(B),NOBT(3),INTN02(100),INTN03(3,100) ouT1
INTEGER 120LD/0/,130LD/0/, I4LOLD/0O/ 0UT1
LOG!CAL NULL2(100),NULL3(100) ouT1
COMMON/RENOR/INNO(10), ISTA(3), INNORC10) ouUT1
WRITE(6,905) ouT1
DO 10 1S=1,3 ouT1
IF(ORB(1S).EQ.0)GOTO10 cuUT1
NOB=NOBT(1S) ouUT1
WRITE(10,905) ouUT1
DO 11 JA=1,NOB oUT1

11 WRITE(10,906)(S(JA,JB,1S),JB=1, NOB) OUT1
WRITE(10,905) ouUT1
DO 20 JA=1,NOB ouUT1
20 WRITE(10,906)(H(JA,JB,IS),JB=1,NOB) ouT1
WRITE(10,905) oUT1
DO 30 JA=1,NOB ouT1
30 WRITE(IO,QOG)(HH(JA,JB,IS),JB=1,NOB) ouT1
10 CONTINUE ouT1
RETURN ouT1

ENTRY OUTO1(EXPCOE,NOB, NORB, 1SYM) ouT1



4o

50

60

70

71

80

90

100

120

130

WRITE(6,905)

IST=1STACISYM)
DO 40 JA=1,NORB

WRITE(6,907)
RETURN

(EXPCOE(JB,INNO(IST+JA)),JB=1,NOB)

ENTRY OUTl(FHl,FHHl,NORB,NOB,ISYM)
IST=ISTACISYM)

WRITE(10,905

)

DO 50 JA=1,NORB

WRITE(10,905

)

DO 50 JB=1,NOB

WRITE(10,906

)(FHl(dB,JC,INNOR(IST+JA)),JC=1,NOB)

WRITE(10,905)
DO 60 JA=1,NORB

WRITE(10,905

)

DO 60 JB=1,NOB

WRITE(10,906
RETURN

)(FHHl(JB,dC,JA),JC=1,NOB)

ENTRY 0UT2(FH2,FHH2,LHZ,LHHZ,NORB,NOB,NOL,NOFZ,ISYM)
IST=1STACISYM)
DO 70 JA=1,NORB

WRITE(10,905

)

DO 70 uB=1,NOB

WRITE(10,906
IF(NOF2,.EqQ.0

)(FHZ(JB,JC,INNOR(IST+JA)),JC-1,NOB)
JGOTO71

WRITE(10,905)
DO 80 uA=1,NORB

WRITE(10,905

)

DO 80 JB=1,NOB

IF(NOL.EQ.0)
WRITE(10,906
WRITE(10,905
DO 90 JUA=1,N
WRITE (10,905

RETURN
)(FHHZ(JB,JC,lNNOR(lST*JA)),JCtl,NOB)
)

ORB
)

DO 90 JuB=1,NORB

WRITE(10,905

)

DO 90 uJc=1,N0B

WRITE(10,905
DO 100 uA=1,
WRITE(10,905
DO 100 uB=1,
WRITE(10,905
DO 100 JC=1,
WRITE (10,90
RETURN

NORB
)
NORB
)
NOB

6) (LHHZ(JC,JD,INNOR(IST+JA),INNOR(IST+JB)),JD=1,NOB)

ENTRY OUTS(FHHS,LHHS,NORB,NOB,ISYM)
IST=ISTACISYM)

DO 120 JA=1,
WRITE(10,905
DO 120 JB=1,
WRITE(10,906
WRITE(10,905
DO 130 JA=1,
WRITE(10,905
DO 130 JB=1,
WRITE(10,905

NORB

)

NOB
)(FHH3(JB,JC,lNNOR(lST+JA)),dC-1,NOB)
)

NORB
)
NORB
)

DO 130 JC=1,NOB

WRITE(10,906
RETURN

)(LHHS(JC,JD,INNOR(IST+JA),INNOR(IST+JB)),JD=1,

WRITE(lO,QOG)(LHZ(JC,JD,INNOR(IST*JA),INNOR(IST+JB)),JD=1,NOB)
)

NOB)

oUT1
ouUT1
oUT1
OUT1
ouT1
ouT1
ouT1
oUT1
ouUT1
oUT1
ouT1
ouT1
OUT1
0oUT1
ouT1
ouUT1
ouT1
ouT1
OuUT1
ouUT1
OUT1
0uUT1
ouUT1
ouT1
ouT1
ouT1
OUT1
ouUT1
ouT1
ouT1
ouT1
0oUT1
OUT1
ouT1
ouT1
0uUT1
ouUT1
OUT1
0uUT1
ouUT1
OuUT1
ouUT1
OUT1
ouUT1
ouT1
ouUT1
ouT1
0ouUT1
OUT1
ouUT1
oUT1
ouT1
ouT1
ouT1
0ouUT1
ouT1
ouT1
ouT1
0uUT1
ouUT1



150

160

180
190

200

900
901
905
906
907

ENTRY OUTH(FHHQ,LHHQ,NORB,NOB
IST=ISTACISYM)

WRITE(10,905)

DO 150 JA=1,NORB
WRITE(10,905)

DO 150 JyB=1,NOB

+NOLL, ISYM)

WRITE(10,906)(FHH#(JB,JC,INNOR(IST+JA)),JC=1,NOB)

IF(NOLL,EQ.0)RETURN
WRITE(10,905)

DO 160 JA=1,NORB
WRITE(10,905)

DO 160 JB=1,NORB
WRITE(10,905)

DO 160 JCc=1,NOB

WRITE(IO,QOG)(LHH&(JC,JD,INNOR(IST+JA),INNOR(IST+JB)),JD=1,NOB)

RETURN
ENTRY OUT5 (1 2NEW, INTNO2, NULL2

» I3NEW, INTNO3, NULL3)

WRITE(I'ISOOOOOO,QOO)I2NEW,I3NEW

IF(I2NEW.EQ.I20LD)GOT0190
1ST=120LD+1

120LD=12NEW

DO 180 JA=IST, I2NEW

WRITE(I'(20000+JA)*1000,901)NULL2(JA),INTNOZ(JA)

IF(I3NEW.EQ.I3OLD)RETURN
IST=130LD+1

| 30LD=13NEW

DO 200 JA=IST, I 3NEW

WRITE(I'(30000+JA)*1000,901)NULL3(JA),(INTN03(JB,JA),JB=1,3)

RETURN
FORMAT(2014)

FORMAT (L4, L14)
FORMAT(//7)

FORMAT (' ',5D20.10)
FORMAT (5D15.7)

END

SUBROUTINE ONEINT(HH,S)
IMPLICIT REAL*8(A-H,0-2)

COMMON/ALL/EXPCOE,ORBEXP,H,CHARGE,QN,NOBT,ISYM,FDUB
COMMON/PROPER/SRMI(S,5,3),SRP1(5,5,3),SRP2(5,5,3)
INTEGER QN(lS),lSTA(S)/O,S,10/,FDUB,NOBT(3),IC(3)/' S=',' p-r v

. D-'/

REAL*38 EXPCOE(S,10),ORBEXP(15),H(S,5,3),HH(5,5,3),S(5,5,3),VEC(5)

-+ MAT(25)

DO 1 UA=1,3

L=JA-1

LIM=NOBT (JA)
IF(LIM.EQ.0)GOTO1

DO 2 uB=1,LIM
N1B=QN(1STA(JA)+JB)
OEIB=0RBEXP(ISTA(JA)+JB)
ENlB-ENMl(NlB,L,0,0ElB)

DO 2 JcC=1,LIM
N1K=QN(ISTA(JA)+4C)
OEIKRORBEXP(ISTA(JA)+JC)
EN1K=EN18*ENMI(NlK,L,0,0ElK)
CALL ONEI(NlB,L,0,0ElB,NlK,L,
SRM1(JB, JC, JA)=RM1+EN1K
SRP1(JB, JC, JA)=RP1+EN1K
SRP2(JB, JC, JA)=RP2*EN1K
S(JB,JC,JA)=SE*EN1K

0,0EIK,CHARGE,SE,HE,HHE,RMI,RPl,RPZ)

ouT1
ouT1
oUT1
ouT1
OoUT1
ouT1
OUT1
ouT1
oUT1
ouT1
0UT1
ouT1
ouT1
OUT1
ouUT1
ouUT1
ouUT1
ouUT1
OUT1
0UT1
ouUT1
ouUT1
ouUT1
ouT1
ouUT1
ouUT1
ouT1
oUT1
ouT1
ouT1
0uUT1
ouUT1
OUT1
OUT1
ouT1
ONEI
ONE1
ONE!
ONE !
ONEI
ONE!
ONE1
ONE|
ONE!
ONE1
ONE |
ONEI
ONE1I
ONE I
ONE1
ONE!
ONE1I
ONE1
ONE1
ONE |
ONE|
ONE |
ONE|
ONE|I
ONE1I



H(JB,JC,JA)=HE*EN1K
2 HH(JB,JC,JA)=HHE*EN1K
1 CONTINUE
RETURN
C COMPUTE THE VALUE OF THE DETERMINANT OF THE S-MATRICES
999 Do 3 JA=1,3
NOB=NOBT (JA)
1F(NOB.EQ.0)GOTO3
c F1LL UP THE MATRIX FOR USE IN GAUSS
DO 4 JB=1,NOB
VEC(JB)=DFLOAT (JB)
IND=(JB=1)*NOB
DO 4 JC=1,NOB
MAT(lND+JB)=S(JB,JC,JA)
CALL GAUSS (MAT, VEC, NOB)
COMPUTE THE DETERMINANT
DET=1.D0
po 5 JB=1,NOB
5 DETHDET*MAT((JB-I)*NOB+JB)
HRITE(G,QOO)IC(JA),DET
3 CONTINUE
RETURN

(¢]

900 FORMAT(' THE VALUE OF THE DETERMINANT OF THE S-MATRIX FOR',AL, 'O

.BITAL 1s',1PD12.3)

END

SUBROUT INE RENORM(NOB,NORB,ISYM,EXPCOE,S)

REAL*8 EXPCOE(S,lO),S(S,S,3),SV(10),EM(10),R1(M,5)

COMMON/RENOR/INNO(lO),|STA(3),INNOR(lO)

1ST=1STACISYM)
MULT!PLY CMAT*S

DO 1 JA=1,NORB

DO 1 JB=1,NOB

R1(JA,JB)=0.D0

DO 1 JC=1,NOB

Rl(JA,JB)=R1(JA,JB)+EXPCOE(JC,INNO(IST+JA))*S(JC,JB,ISYM)

MULTIPLY R1*CAMT

DO 2 JA=1,NORB

DO 2 JB=1,JA

1J=JB+JA* (JA-1)/2

SV(14)=0.D0

DO 2 JC=1,NOB

SV(IJ)=SV(IJ)+R1(JA,JC)*EXPCOE(JC,INNO(IST+JB))
RENORMALIZE SV

CALL SOMS (NORB, SV, EM)
COMPUTE THE RENORMALI1ZED STARTING VECTORS
MULT1PLY EM*CMAT

DO 3 JA=1,NORB

po 3 JB=1,NO8B

R1(JA,JB)=0.D0

DO 3 JC=1,JA

Rl(JA,JB)-Rl(JA,JB)+EM(JC+JA*(JA-l)/Z)*EXPCOE(JB,lNNO(lST+JC))
PUT R1 INTO EXPCOE

DO 4 JA=1,NORB

DO 4 JB=1,NOB

L EXPCOE(JB,INNO(lST+JA))=R1(JA,JB)
RETURN

O [}

o0 ON

OW

END

SUBROUTINE ONEEL(NOB, ISYM,H, HH)
SETS UP THE ONEELECTRON MATRICES

IMPLICIT REAL*8 (A=H,0-Z)

ONEI
ONE!
ONE!
ONEI
ONE !
ONEI
ONEI
ONEI
ONEI
ONE1
ONEI
ONEI
ONE!
ONEI
ONEI1
ONE|
ONE1
ONE!
ONEI
ONE |
ONEI
ONE |
ONE
ONE|
ONEI
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
NORM
ONEE
ONEE
ONEE
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REAL#*8 H(5,5,3),HH(5,5,3)

ONEE

COMMON/ONE/FACI(SO),FHHI(S,S,Q),FHI(S,S,h),INTl(SO),LIMl ONEE
INTEGER SYMCHE,ORB(3),NOBT(3) ONEE
DO 2 JUA=1,LIM1 ONEE
11B=INT1(JA) ONEE
IF(SYMCHE(11B).NE, ISYM)GOTO2 ONEE
GOTO(Q,S,M,Q,Q,G,S,5,5,&,&,&,&,&,7,6,6,6,5,5,5,5,5),IIB ONEE
JM1=1 ONEE
GOTO3 ONEE
JM1=2 ONEE
GOTO8 ONEE
JM1=3 ONEE
GOTO8 ONEE
JM1=4 ONEE
DO 3 JB=1,NOB ONEE
DO 3 JC=1,NOB ONEE
FHl(JB,JC,dMl)'FHI(JB,dC,JM1)+H(JB,JC,ISYM)*FACI(JA) ONEE
FHHI(JB,JC,JMI)BFHHl(JB,JC,JM1)+HH(JB,JC,ISYM)*FACI(JA) ONEE
CONTI NUE ONEE
RETURN ONEE
END ONEE
SUBROUTINE TWOELE TWOE
IMPLICIT REAL*8(A-H,0-2) TWOE
COMMON/SYM/I1DAR(8,10) THOE
COMMON/ALL/EXPCOE,ORBEXP,H,CHARGE,QN,NOBT,lSYM,FDUB TWOE

COMMON/SPLI1/11,12,J41,42,K1,K2,L1,L2,LIM] +LIMJ, LIMK, LIML, JMI, UMJ, JTWOE

«MK,JML, IEXP, JEXP,KEXP, LEXP

TWOE

COMMON/TWO/FH2,FHH2,FAC2, LH2, LHH2, INT2, INTNO2,NULL2,LIM2, INTLI2 TWOE

COMMON/ INTRA2/INTEG1, INTEG2

TWOE

REAL*8 INTEG1(5,5,5,5), INTEG2(5,5, 5, 5),FH2(5,5,4),FHH2(5,5,4) ,FAC2TIOE
.(100),H(5,5,3), EXPCOE(5,10),0RBEXP(15),LH2(5,5,4, 4),LHH2(5,5,4,4) TWOE

INTEGER SYMCHE, INT2(4,100), IV(4)

+»INTNO2(100),QN(15),FDUB
LOGICAL LS1,NULL2(100),RC,CHL1
DO 1 JA=1,LIM2

CHL1=,FALSE.

DO 2 uB=1,2
11=INT2(1M2(1,dB), JA)
IF(SYMCHE(11) .NE. ISYM)GOTO2
12=INT2(IM2(2,J4B), JA)
J1=INT2(IM2(3,dJB), JA)
J2=2INT2(IM2(4,JB),JA)

CALL SPLIT2(NOBT,ISY1B,ISY2B)
LS1=1SY1B.NE, 1SY2B
1F(CHL1)GOTO6

CHL1=,TRUE.

CALL TWINT(1,1,2,3,4,RC)
IF(RC)GOTO1

DO 3 JE=1,LIMJ
IVC(IDAR(3,1))=JE
EXPE=EXPCOE(JE, JEXP)*FAC2(JA)
DO 3 JF=1,LIMJ
IV(IDAR(L, 1)) =JF
EXP=EXPE*EXPCOE(JF, JEXP)
EXPL1=FAC2(JA)*EXPCOE(JF, JEXP)
DO 3 JC=1,LIMI
IVC(IDAR(1,1))=JC

DO 3 JD=1, LIM]|
IV(IDAR(2,1))=JD
EXPL=EXPL1*EXPCOE(JD, |EXP)

eIM2(4,2)/1,2,3,4,3,4,1,2/,NOBT(3) TWOE
TVWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TWOE
TVWOE
TWOE
TWOE
TWOE
TWOE
TWOE
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X1=lNTEGl(|V(1), 1v(2),1ve3),
FHZ(JC,JD,JM| y=FH2(JC, Jp, M1 )+EXP*X1
x2=1 NTEGZ(\V(I), 1v(2), tv(3), 1vud)
FHH?.(JC,JD,JMI y=FHH2(JC,JD, UMl ) +EXPX2
\F(LS'!.)GOTO'S

1vn))

LH2(JC,JE, JML, JMJ)=LH2(JC,JE, JMi ,JMJ)*EXPL*XI

LHH2 (JC,JE, JML, JMJ)=LHH2(JC,JE, JM1, JMJ) +EX
CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE TWINT CINDEX, 11,12, 13,14,RC)
iMPLICIT REAL*S(A-H,O-Z)
COMMON/SYM/lDAR(S, 10)

F k4

5),0RB
FACZ(].OO),FHZ(S,S,Q),FHHZ(

5,3) S,S,It),LHZ

*{NTEGER QN(IS),lSTA(S)/0,5,10/,NOBT(3),FDU
.T2(%,100)

LOG! CAL LSYM,NULLZ(lOO),RC
INTEGER*2 LEN/5000/
NUL11=0
|F(|NDEX.GT.1)GDT06

CALL SYMASS(NOBT,&)
lF(INTLlZ.EQ.O)GOTOZ

1 JA=1,IN
IF(lNTNOZ(JA).EQ.IDAR(1,8))GOT03
CONT INUE
|NTL|2=|NTL|2+1
lF(lNTL|2.LE.100)GOT0k
NR\TE(S,QOO)

FORMAT (' DIMENSION OF INTNO2 EXCEEDED')
sSTOP
lNTNOZ(lNTL|2)=lDAR(1,8)
LlMlB=|DAR(|1,h)
LlBﬂlDAR(ll,S)
M18=|DAR(|1,6)
llB=|STA(|DAR(|1,7))
LIM1K=|DAR(l2,k)
L1K=|DAR(|2,5)
M1K=IDAR(|2,6)
|1K=ISTA(|DAR(|2,7))
LlMZB-lDAR(lS,h)
LZBﬂlDAR(lB,S)
MZBﬂlDAR(|3,6)
IZBBISTA(lDAR(|3,7))
LlMZKﬂlDAR(Ik,u)
L2K=|DAR(|R,S)
M2K=IDAR(|Q,6)
|2K=|STA(|DAR(|R,7))
F1=1.D0

F2=1.D0
|F(|DAR(|1,2).NE.|DAR(|2,
IF(lDAR(|3,2).NE.|DAR(Iu,
DO 5 JA=1,LI1M1B
N13=QN(|IB¢JA)
0E18=0RBEXP(|1B*JA)

2))F1=0.D0
2))F2=0.D0

PL*X2

EXP(15) ,EXPCOE(S,

(5,5,4, 4),L

B, INFO(L),

INTNO2(

LU, u) TWIN
100), INTWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWUIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN
TWIN



3

100
901

TWIN

ENIB=ENMI(NlB,LlB,MIB,OElB)

DO 5 uB=1,LIM1K TWIN
N1K=QN(I1K+yB) TWIN
OElK=0RBEXP(llK+dB) TWIN
EN1K=ENIB*ENMI(N1K,LlK,HlK,OElK) TWIN
H1=F1*H(JA,JB,IDAR(l1,7)) TWIN
DO 5 yc=1,1L1M2B TWIN
N2B=QN(12B+ycC) TWIN
OEZB=ORBEXP(I28+JC) TWIN
ENZB=EN1K*ENMI(NZB,LZB,MZB,OEZB) TWIN
DO 5 yD=1,LIM2K TWIN
N2K=QN (1 2K+JD) TWIN
0E2K=0RBEXP(I2K*JD) TWIN
ENZKBENZB*ENMI(N2K,L2K,M2K,OE2K) TWIN
H2=F2*H(JC,JD,IDAR(|3,7)) TWIN

X1-EN2K*REP1(l,NlB,LlB,MlB,OElB,N2B,L28,M2B,OEZB,N1K,LlK,MlK,OElK,TWIN
.N2K,L2K,M2K,OEZK,1,0,0,1.00,1,0,0,1.00) TWIN
X2=REPI(2,NlB,LlB,MlB,OElB,NZB,LZB,MZB,OEZB,NIK,LIK,MIK,OEIK,NZK,LTWIN
.2K,M2K,0E2K,1,0,0,1.00,1,0,0,I.DO) TWIN
CALL HR(NIB,LIB,MIB,OEIB,NZB,LZB,MZB,OEZB,NIK,LIK,MIK,OEIK,NZK,L2KTWIN

.,MZK,OE2K,CHARGE,X3,X&) TWIN
INTEGI(JA,JB,JC,JD)=X1 TWIN
X7=2.DO*Hl*H2+(X3+Xk+X2)*EN2K TWIN
INTEGZ(JA,JB,JC,JD)=X7 TWIN
IF(XI.EQ.O.DO)NULllﬂNULI1+1 TWIN
MULT=LIMIB*LIMIK*LIMZB*LlMZK TWIN
IF(NULII.LT.MULT)GOTO7 TWIN
NULLZ(INTLI2)=.TRUE. TWIN
RC=, TRUE, TWIN
RETURN TWIN
RC=.FALSE, TWIN
NULLZ(INTLI2)=.FALSE. TWIN
CALL NOTE(FDUB, INFO) TWIN
WRITE(I'(2000+INTLI2)*1000)INFO(2),INFO(2),INFO(3),INFO(Q) TWIN
CALL WRITE(INTEGI,LEN,O,LNR,Z,&IOO) TWIN
CALL NOTE(FDUB, INFO) TWIN
WRITE(I'(2500+INTLl2)*1000)lNFO(2),INFO(Z),INFO(3),INFO(h) TWIN
CALL WRITE(INTEGZ,LEN,O,LNR,Z,&IOO) TWIN
RETURN TWIN
RC=NULL2(JA) TWIN
IF(RCIRETURN TWIN
READ(I'(2000+JA)*1000)INFO THWIN
CALL POINT(FDUB,INFO,I) TWIN
CALL READ(INTEGI,LEN,O,LNR,2,&100) TWIN
READ(I'(2500+JA)*1000)INFO TWIN
CALL POINT(FDUB,INFO,I) TWIN
CALL READ(INTEGZ,LEN,O,LNR,Z,&IOO) TWIN
RETURN TWIN
WRITE(6,901) TWIN
SToP TWIN
FORMAT (' wRoONG RETURN IN 1/0 ROUT?') TWIN
END TWIN
SUBROUTINE THREEL(LIMDIB,NORB,NOB) THRE
IMPLICIT REAL*S(A-H,O-Z) THRE
COMMON/SYM/IDAR(S,IO) THRE
COMMON/THREE/FAC3(200),FHH3(5,5,#),LHH3(5,S,Q,h),INT3(6,200),INTNOTHRE

.3(3,100),LIM3,lNTLlB,NULLB(lOO) THRE
COMMON/DENSI3/DIJ(15,15),DIK(15,15),DJK(15,15),CDIJK(5,5,15),CDIKJTHRE
.(5,5,15),CDJKI(5,5,15) THRE
COMMON/ALL/EXPCOE,ORBEXP,H,CHARGE,QN,NOBT,ISYM,FDUB THRE

]
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14

W N

COMMON/ INTRA3/
COMMON/SPL11/1

INTEG

.MK,JML,IEXP,JEXP,KEXP,
LOI,LOJ,LOK,WDH/.FALSE./
,NOBT(S),FDUB,IV(G),SYMCHE
,5,5,5,5,5),0RBEXP(15),EXPCOE(5,lO),LHH3,H(5,5,3)

l,J)+(MAXO(I,J)*(MAXO(I,J)-l))/Z

LOGICAL NULL3,
INTEGER QN(15)
REAL*8 INTEG(5
TINCL,J)=MIno¢
IF(WDH)GOTO14
WDH=. TRUE.

DO 13 uA=1,100

NULL3(JA)=_FALSE.

DO 1 JA=1,LIM3

IF(NULLS(JA))GOTOI

11=INT3(1,JA)
12=INT3(2,JA)
J1=INT3(3,4A)
J2=INT3(4,JA)
K1=INT3(5,JA)
K2=INT3(6,uA)

THRE
1,IZ,JI,JZ,KI,KZ,LI,LZ,LIMI,LIMJ,LIMK,LIML,JMI,JMJ,JTHRE
Xp

CALL SYMBQ(NOBT,LOI,LOJ,LOK,LOK,lSYM,&l,S)

IFCINTLI3,EQ.0
DO 2 uB=1,INTL
IFCINTNO3(1, B

READ(2) INTEG
GOTO5

CONTINUE
INTLI3=INTLI 3+
INTNO3(1, INTL)
INTNO3(2, INTL)
INTNO3(3, INTL|

)JGOTO3
13
) .NE. IDAR(

1

3)=1DAR(1, 3)
3)=1DAR(3,3)
3)=1DAR(5,3)

CALL TlNT3(lNTLI3,NULL3,RC)

IF(NULL3CINTL]
CALL DENS3(LIM

ASSIGN 8 TO IcA

IF(LOJ)ASSIGN
IF(LO1)ASSIGN
DO 4 IB=1,L M)

1V(1)=18
DO & 1K=1,L 11
IV(2)=1k

IBK=1UN(IB, 1K)
DO 4 JB=1,LIMy
IV(3)=yB

DO &4 UK=1,LimMy
IV(4)=yK
JBK=1JN(UB, JK)
DO 4 KB=1,LIMK
1V(5)=KB

DO 4 KK=1,LIMK
1V(6)=KK
KBK=1JN(KB,KK)
X1=(INTEG(CIV(}
.lV(lDAR(S,l)),

FHH3 (1B, 1K, yM|
LHH3 (1K, JB, M)

3))GoTo1
D13, EXPCOE)
SE

7 TO ICASE
6 TO ICASE

DAR(l,I)),lV(lDAR(Z,l)),lV(lDAR(B,I)),lV(lDAR(h,l)),
IV(IDAR(B,I))))*FAC3(JA)
GOTOICASE, (6,7 8)

’

)=FHH3(IB,IK,JM
,JMJ)=LHH3(IK,J

1
B

)+X1*DJK(JBK,KBK)
,JMI,JMJ)+X1*CDIJK(IB,JK,KBK)

s bt e e b o

THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE



=& oo

11

12
10

LHH3(IK,JK,JMI,JMJ)=LHH3(IK,JK,JHI,JMJ)+X1*CDIJK(IB,JB,KBK)
LHH3(IB,JK,JMI,JMJ)=LHH3(lB,JK,JMI,JMJ)*XI*CDIJK(IK,JB,KBK)
LHH3(IB,JB,JMI,JMJ)=LHH3(IB,JB,JMI,JMJ)+X1*CDIJK(IK,JK,KBK)
LHH3(lK,KB,JMl,JMK)=LHH3(IK,KB,JMI,JMK)+X1*CDIKJ(IB,KK,JBK)
LHHS(IK,KK,JMI,JMK)=LHH3(lK,KK,JMl,JMK)+X1*CDIKJ(lB,KB,JBK)

LHH3(IB,KB,JM),JMK)=LHH3(lB,KB,JMl,JMK)+X1*CDIKJ(IK,KK,JBK)
»JBK)

LHH3(lB,KK,dMl,JMK)=LHH3(lB,KK,JMI,JMK)+X1*CDIKJ(IK,KB

FHHS(JB,JK,JMJ)=FHH3(JB,JK,JMJ)*X1*DIK(lBK,KBK)

LHHS(JK,KB,JMJ,JMK)=LHH3(JK,KB,JMJ,JMK)*XI*CDJKI(JB,KK,
LHH3(JK,KK,JMJ,JMK)=LHH3(JK,KK,JMJ,JMK)+X1*CDJKI(JB,KB

1BK)
» 1 BK)

LHH3(JB,KK,JMJ,JMK)*LHHB(JB,KK,JMJ,JMK)+X1*CDJKI(JK,KB,IBK)

LHH3(JB,KB,JMJ,JMK)=LHH3(JB,KB,JMJ,JMK)+X1*CDJKI(JK

FHHS(KB,KK,JMK)=FHH3(KB,KK,JMK)*X1*DIJ(IBK,JBK)
CONTINUE
CONTINUE

DO 10 uvA=1,NORB

DO 11 uB=1,NOB

DO 11 uJc=1,48B

FHH3(JB,JC,JA)=0.SDO*(FHH3(JB,JC,JA)+FHH3(JC,JB,JA))
)

FHH3(JC,JB,JA)=FHH3(JB,JC,JA

KK, 1BK)

LHH3(JB,JC,JA,JA)=(LHH3(JB,JC,JA,JA)*LHHS(JC,JB,JA,JA))*O.2500
JA)

LHH3(JC,JB,JA,JA)=LHH3(JB,JC,JA,
1S=uA+1

lF(lS.GT.NORB)RETURN

DO 12 JB=1S,NORB

DO 12 uc=1,No0B

DO 12 up=1,N0B
LHH3(JD,JC,JA,JB)=LHH3(JD,JC,JA,JB)*O.25D0
LHH3(JC,JD,JB,JA)=LHH3(JD,JC,JA,JB)
CONTINUE

RETURN

END
SUBROUTINE TINTS(INTLIS,NULL3,RC)

TMPLICIT REAL*8(A-H,0~2)

REAL»3g EXPCOE(S,IO),ORBEXP(IS),lNTEG(S,S,S,S,S,
LH

.H(5,5,3),INTEGZ(S,S,S,S),INTEGS(S,S,S,S),LH2,
INTEGER QN(lS),NOBT(3),FDUB,INFO(Q)
COMMON/ALL/EXPCOE,ORBEXP,H,CHARGE,QN,NOBT,ISYM,
COMMON/INTRA3/INTEG

COMMON/SYM/IDAR(S,IO)

5)
H2

Fbus

COMMON/TWO/FHZ(S,S,h),FHHZ(S,S,b),FACZ(lOO),LH2(5,5,Q,
2

.5,4,#),INT2(4,100),INTNOZ(IOO),NULLZ(IOO),LIM2,
LOGICAL RCl,RCZ,RC3,RC,NULL2,NULL3(100)
INTEGER=2 LEN1/5000/

NULI =0

DO 4 JA=2,6,2

DO 5 UB=1,INTLs2
lF(lNTNOZ(JB).NE.IDAR(JA,3))GOT05
IF(NULLZ(JB))GOTOSI
READ(I'(2000+JB)*1000)INFO

CALL POINT(FDUB,INFO,I)

lF(JA-h)6,7,8

CALL READ(INTEGI,LENI,O,LNR,Z,&IOO)
RC1=_,FALSE.

GOTO4
CALL READ(INTEGZ,LENI,O,LNR,Z,&IOO)
E.

RC2=_FALS

GOTO4
CALL READ(lNTEG3,LENl,O,LNR,Z,&lOO)

RC3=, FALSE

,INTEGI(S,S,S,S),

rd

THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
THRE
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT



51
52

53
54

901
10
11

12

13
14

GOTOY
IF(JA-4)52,53, 5y
RC1=, TRUE.

GOTOL

RC2=, TRUE.

GOTOL

RC3=, TRUE.

GOTOY4

CONTINUE
INTLI2=INTLI2+1
IFCINTLI2,LE.100)G0TO10
WRITE(8,901)

FORMAT (' MORE THAN 100 2-EL-INTS IN TRINT')

sTOoP
INTNOZ(INTL12)=IDAR(JA,3)
IF(JA-54)11,12,13

CALL TWINT(3,3,4,5,6,RC1)
IF(RC1)GOTOY

GOTO14 :

CALL TWINT(3,1,2,5,6,RC2)
IF(RC2)GOTOH,

GOTO14

CALL TWINT(3,1,2,3,&,RC3)
I1F(RC3)GOTOY
READ(l'(2000+INTLIZ)*1000)INFO

CALL POINT(FDUB, INFO, 1)

IF(JA-4)15, 16,17

CALL READ(INTEGI,LENl,O,LNR,Z,&lOO)
GOTOY

CALL READ(INTEGZ,LENI,O,LNR,Z,&IOO)
GOTOL

CALL READ(lNTEG3,LEN1,0,LNR,2,&100)
CONTINUE

Fl=2.D0

F2=2.,D0

F3=2,D0
lF(lDAR(l,Z).NE.IDAR(Z,Z).OR.RCIJF1=0.DO
IF(IDAR(3,2).NE.IDAR(Q,Z).OR.RCZ)FZ-O.DO
IF(IDAR(S,Z).NE.IDAR(S,Z).OR.RC3)F3=0.DO
LIM1B=IDAR(C1,4)

L1B=IDAR(1,5)

M1B=1DAR(1,6)

IBl=(IDAR(1,7)~1)*5

LIM1K=1DAR(2, 4)

L1K=1DAR(2,5)

M1K=IDAR(2,6)

IK1=(IDAR(2,7)~1)*5

LIM2B=IDAR(3,4)

L2B=IDAR(3,5)

M2B=1DAR(3,6)

IB2=(1DAR(3,7)~1)*5

LIM2K=1DAR( L, 4)

L2K=I1DAR(4,5)

M2K=1DAR(4,6)

IK2=(IDAR(L,7)-1)*5

LIM3B=IDAR(5,4)

L3B=1DAR(5,5)

M3B=1DAR(S5,6)

IB3=(IDAR(5,7)=~1)*5

LIM3K=]DAR(S6, 4)

TINT
TZINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TZNT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TZNT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT
TINT



-/

L3K=1DAR(G, 5) TINT
M3K=1DAR(G, 6) TINT
1K3=(1DAR(6,7)-1)=5 TINT
DO 1 JA=1,LiIM1B TINT
N1B=QN(IB1+JA) TINT
OE1B=0RBEXP(IB1+JA) TINT
EN1B=ENMI(N1B, L1B,M1B8,0E1B) TINT
DO 1 JB=1,LIM1K TINT
N1K=QN(1K1+JB) TINT
OE1K=0RBEXP(IK1+JB) TINT
EN1K=EN1B*ENMI (N1K,L1K,M1K, OE1K) TINT
Hl=F1*H(JA,JB, IDAR(1,7)) TINT
DO 1 JC=1,LIM2B TINT
N2B=QN(1B2+JC) TINT
OE2B=0RBEXP(1B2+JC) TINT
EN2B=EN1K#ENMI (N2B, L2B,M2B, 0E2B) TINT
DO 1 JD=1,LIM2K TINT
N2K=QN(I1K2+JD) TINT
OE2K=0RBEXP(I1K2+JD) TINT
EN2K=EN2B*ENMI1 (N2K, L2K,M2K, OE2K) TINT
H2=F2*H(JC,JD, IDAR(3,7)) TINT
X6A=INTEG3 (JA, JB, JC,JD)*F3 TINT
DO 1 JE=1,LIM3B TINT
N3B=QN(1B3+JE) TINT
OE3B=0RBEXP(IB3+JE) TINT
EN3B=EN2K+ENMI (N3B, L3B,M3B, 0OE3B) TINT
DO 1 JF=1,LIM3K TINT
N3K=QN(IK3+JF) TINT
OE3K=0RBEXP(I1K3+JF) TINT
EN3K=EN3B~ENMI (N3K, L3K,M3K, OE3K) TINT
C THE INTEGRALS ARE ARRANGED AS: TINT
c X1=(1/R21)*(1/R13) X2=(1/R12)*(1/R23) X3=(1/R31)*(1/R12) TINT
c X4=(1/R13)*(1/R32) X5=(1/R32)*(1/R21) X6=(1/R23)*(1/R31) TINT
Xl-REPl(3,N28,LZB,MZB,OEZB,NSB,LSB,MBB,OE3B,N2K,LZK,MZK,OEZK,NSK,LTINT
.3K,M3K,OE3K,NIB,LlB,MlB,OElB,NlK,L1K,M1K,OEIK) TINT
X2=REPI(3,N18,LlB,MlB,OElB,N3B,LSB,M3B,OE3B,N1K,LlK,MlK,OElK,N3K,LTINT
.3K,M3K,OE3K,NZB,LZB,MZB,OEZB,NZK,LZK,MZK,OEZK) TINT
X3-REPI(3,N38,LSB,M3B,OE3B,NZB,L28,M28,0E28,N3K,L3K,M3K,OE3K,N2K,LTINT
.2K,M2K,OEZK,NIB,LlB,MlB,OElB,NIK,LIK,MIK,OEIK) TINT
XuﬂREPl(3,N18,LIB,MIB,OEIB,NZB,LZB,MZB,OEZB,NIK,LIK,MIK,OEIK,NZK,LTINT
.2K,M2K,OE2K,NBB,LSB,MSB,OE3B,N3K,L3K,M3K,OE3K) TINT
XS-REPI(3,N38,LSB,MBB,OE3B,NIB,LlB,MlB,OElB,N3K,L3K,M3K,OEBK,N1K,LTINT
.lK,MlK,OElK,NZB,L28,M28,0E28,N2K,L2K,M2K,0E2K) TINT
X5=REPI(3,N28,LZB,MZB,OEZB,NIB,LIB,MlB,OElB,NZK,L2K,M2K,0E2K,N1K,LTINT
.lK,MIK,OElK,NSB,L38,M3B,0E3B,N3K,L3K,M3K,OE3K) TINT
X7=H1*INTEG1(JC, JD, JE, JF) TINT
X8=H2*INTEG2(JA, JB, JE, JF) TINT
X9=X6A*H(JE, JF, IDAR(5,7)) TINT
X=EN3K* (X1+X2+X3+X4+X5+X6)+X7+X8+X9 TZNT
INTEG(JA, JB, JC, JD, JE, JF ) =X TINT
1 IF(X.EQ.0.DO)NULI=NULI+1 TINT
RC=.TRUE. TINT
IF(NULI.LT.LIMlB*LIMIK*LIMZB*LIMZK*LIM3B*LIM3K)RC=.FALSE. TINT
NULL3(INTLI3)=RC TINT
| F(RCYRETURN TINT
CALL NOTE(FDUB, INFO) TINT
WRITE(I'(3000+INTLI3)*1000)INFO(2),INFO(Z),INFO(B),INFO(Q) TINT
WRITE(2) INTEG TINT
RETURN TINT
TINT

100 WRITE(6,900)



—

STOP TINT

900 FORMAT(' WRONG RETURN [M 1/0 ROUT') TINT
END TINT
SUBROUTINE DENS3(LIMDI3, EXPCOE) DNS 3
IMPLICIT REAL*8(A~H,0~Z) DNS3
COMMON/SPLII/II,lZ,dl,JZ,Kl,KZ,Ll,L2,LIMI,LI”J,LI"K,LI”?,J”l,de,dDNSS

<MK, JML, | EXP, JEXP, KEXP, LEXP DNS3
COMMON/DENSI3/DIJ(15,15),D|K(15,15),DJK(15,15),CD!JK(5,5,15),CUIKJDN53
.(5,5,15),CDJUKI(5,5,15) DNS 3
EQUIVALENCE(LIMV(I),LIMI),(IXV(I),IEXP) DMS 3
INTEGER INFO(Q),FDUS,LIMV(3),IXV(3),INXV(SO) NDMNS 3
INTEGER* 2 LEN2/1800/,LEN3/3000/ DNS3
REAL*8 EXPCOE(5,10) DNS 3
LOGICAL WDH/.FALSE./ - DMNS3,
TINCT, J)=1+(JUx(y=-1))/2 DNS 3
IF(WDH)GOTO1 DNS 3
WDH=_TRUE. DNS 3

CALL LOGIOU( INFO,"'3 ',&100) DNS 3
FDU3=INF0O(1) DNS 3

1 DO 2 JA=1,2 DNS3
1S=JA+1 DNS 3

DO 3 UB=1S,3 DNS 3
INDEX=100*1XV(JA)+10+ | XV( JB) DNS 3
IFCLIMDI3.EQ.0)GOTOL DNS 3

DO 5 JD=1,LIMD|3 DNS 3
IFCINXV(JD) .EQ. INDEX)GOTO3 DNS 3

5 CONTINUE DNS 3
4 LIMDI3=LIMD13+1 DNS 3
IFCLIMD13.GT.50)G0T0102 DNS 3
INXVCLIMDI3)=INDEX DNS 3
LIM1=LIMV(yA) DNS3
LIM2=LIMV(JB) DNS 3
1X1=1XV(JA) DNS 3
1X2=1XV(JUB) DNS3

DO 6 JBl=1,LIM1 DNS 3

DO 6 JK1=1,JB1 DNS 3
JBK1=1JN(JK1, JB1) DNS 3
EXP1=EXPCOE(JBI,IX1)*EXPCOE(JK1,IX1) DNS 3

DO 6 JB2=1,LIM2 DNS 3
EXP2=EXP1+*EXPCOE( JB2, IX2) DNS 3

DO 6 JK2=1,JB2 DNS3
JBK2=1 JN(JK2,JB2) DNS3

6 DIJ(JBKI,JBK2)=EXP2*EXPCOE(JK2,IXZ) DNS 3
CALL NOTE(FDU3, I NFO) DNS 3
WRITE(I'INDEX*IOOO)INFO(Z),INFO(Z),INFO(3),lNFO(h) DNS3

CALL WRITE(DIJ, LEN2,0,LENR, 3, 8101) DNS 3

3 CONTINUE DNS3
2 CONTINUE DNS 3
C THE 2-VECTOR DENSITY MATRICES ARF COMPUTED DNS3
D0 10 JA=1,2 DNS 3
IS=JA+1 DNS 3

DO 11 uB=ISs,3 DNS 3
JC=JB-JA DNS3
IFCJA.EQ.1.AND.JC.EQ.1)JC=3 DNS 3
IX1=1XV(JA) DNS3
IX2=1XV(JB) DNS3

I X3=1XV(JC) DNS3
INDEX=1X1*100+1X2%10+1X3 DNS 3

DO 12 yD=1,LIMDI3 DNS3

IFCINDEX.EQ.INXV(JD))GOTO11 DNS3



DNS3

12 CONTINUE
LlMDl3=LlMDl3*1 DNS3
IF(LIMDIS.GT.SO)GOTOIOZ DNS3
lNXV(LlMDl3)=INDEX DNsS3
LIH1=LIMV(JA) DNS3
LIH2=LIMV(JB) DNS3
LIM3=LIMV(JC) DNS3
DO 13 Jo=1,L1M]1 DNS3
DO 13 JE=1,L1M2 DNS3
EXP1=EXPCOE(JD,IXI)*EXPCOE(JE,IXZ) DNS3
Do 13 JE=1,11M3 DNS3
EXP2=EXP1*EXPCOE(JF,IX3) DNS3
Do 13 JG=1, yF DNS3
JFG=IJN(JG,JF) DNS3

13 CDlJK(JD,JE,JFG)=EXP2*EXPCOE(JG,lX3) DNS3
CALL NOTE(FDU3,INFO) DNS3
WRITE(I'lNDEX*lOOO)lNFO(Z),INFO(Z),INFO(3),lNFO(b) DNS 3
CALL WRITE(CDIJK,LEN3,0,LENR,3,&101) DNS3

11 CONTINUE DNS 3

10 CONTINUE DNs3

c THE DENSITY MATRICES T0 BE USED ARE READ IN DNS 3
DO 14 JA=1, 2 DNS3
1S=yp+] DNS3
DO 15 JB=15,3 DNS3
JC=yB-ya DNS3
IF(JA.EQ.l.AND.JC.EQ.I)JC=3 DNS 3
INDEX=IXV(JA)*100+IXV(JB)*IO DNS3
READ(I'INDEX*IOOO)INFO DNS 3
CALL POINT(FDUS,IHFO,I) DNS3
IF(JC-2)18,17,16 DMNS3

16 CALL READ(DIJ,LEN2,0,LENR,3,&101) DNS3
GOTO19 DNS3

17 CALL READ(DIK,LEN2,0,LENR,3,&101) DNS3
GOTOo19 DNS3

18 CALL READ(DJK,LEN2,0,LENR,3,&101) DNS3

19 INDEX=IXV(JA)*100+IXV(JB)*IO*IXV(JC) DNS3
READ(I'INDEX*IOOO)INFO DNS3
CALL POINT(FDU3,INFO,1) DNS3
lF(dC-2)22,21,20 DNS3

20 CALL READ(CDIJK,LENS,O,LENR,3,&101) DNS3
GOTo1s DNS3

21 CALL READ(CDIKJ,LENS,O,LENR,3,&101) DNS3
GOTOo15 DNS3

22 CALL READ(CDJKI,LEN3,0,LENR,3,&101) DNS3

15 CONTINUE DNS 3

14 CONTINUE DNS3
RETURN DNS3

100 WRITE(S,QOO) DNS3
SToP DNS3

101 WRITE(G,QOI) DNS3
SToP DNS3

102 WRITE(G,QOZ) DNS3
STop DNS3

900 FORMAT (! WRONG RETURN FROM LoGiour) DNS3

901 FORMAT (! WRONG RETURN FROM 1 /0-ROUTINES IN DENS3 ) DNS3

902 FORMAT ( ¢ DIMENSION OF INXV IN DENS3 EXCEEDED?') DNS3
END DNS 3

FOUR

- FOUR
COMMON/FOUR/FAcu(soﬁ),FHHu(S,s,u),LHHu(S,S,h,u),lNTh(8,300),LlMu,NFOUR



12
11

-

LULL4(100) FO
COMMON/SPLII/II,l2,J1,J2,K1,K2,L1,L2,LIMI,LIMJ,LIHK,LlMl,dHl,de,JFOUR

.MK,JML,IEXP,JEXP,KEXP,LEXP FOUR
COMMON/ALL/EXPCOE(S,10),ORBEXP(15),H(5,5,3),CHARFF,QN,NOBT(S),ISYMFOUR
.,FDUB FOUR

FOUR

COMMON/DENSIT/DIJK(IS,15,15),DIJL(15,15,15),DIKL(15,15,15),DJKL(15FOUR
.,15,15),Dld(15,15),D|K(15,15),DIL(15,15),DJV(15,15),DJL(15,15),DKLFOUR
)

.(15,15),Cld(5,5),ClK(5,5),CIL(5,5),CJK(5,5),CJL(5,5),CKL(5,5 FOUR
LOGICAL NULLh,LﬂI,LOJ,LOK,LﬂL,WDH/.FALSF./,lC(G) FOUR
COMMON/INTRAH/DIZ(S,S,5,5),013(5,5,5,5),01&(5,5,5,5),023(5,5,5,5),FOUR
.DZQ(S,5,5,5),03&(5,5,5,5) FouRr
IMTEGER AN(15), FNhuUR, 1v( 8) FOUR
RFAL*8 LHHY4 FOUR
IJN(I,J)=MINO(I,J)+(MAXO(l,d)*(MAXO(I,J)-I))/Z FOUR
IF(WDH)GOTO11 Four
WDH=,TRUE, FOUR
DO 12 JA=1, 100 FOUR
NULLL(JA) =, FALSE, FOUR
DO 1 JA=1, LIMy FOUR
IFCNULLL(JA))GNTO L FOUR
11=INT4(1, JA) FOUR
12=INTL (2, JA) FOUR -
J1=INTL4(3, ya) FOUR
J2=INTu (4, JA) FOUR
K1=INTL (5, JA) FOUR
K2=INT4 (6, JA) FOUR
L1=INT&4(7,JA) FOUR
FOUR

L2=INT4 (8, JA)

CALL SYM3&(NOBT,LOI,LOJ,LOK,LOL,ISYM,&I,M) FOUR
CALL FOINT(FDUB,&I,NULLQ(JA)) FOUR
ASSIGN 8 TO IcASE FOUR
IF(LOK)ASSIGN 7 ToO I CASE FOUR
ITF(LOJ)ASSIEN 6 Tn ICASE FOUR
IFCLO1)ASSIGN 5 To ICASE FOUR
CALL DENS(LIMDIX,EXPCOE) FOUR
FACTOR=FACQ(JA)+FACQ(JA) FOUR
DN 4 1B=1, LIM] FOUR
IV(1)=1B FOUR
DO 4 I1K=1, LIM} FOUR
1vV(2)=1K FOUR
IBK=1JNC IK, IR) FOUR
DO 4 uB=1, LMy FOUR
I1V(3)=yB FOUR
DO 4 uKk=1,LiIMy FAUR
V(L) =gk FOUR
JBK=1JUN( UK, JB) FOAUR
DO 4 KB=1,LIMK FOUR
1V(5)=KkB FOUR
DO 4 KK=1, LMK FOUR
IV(6)=KK FOUR
KBK=1JUN(KK,KB) FOUR
DO 4 LB=1, LIML FOUR
1V(7)=L8 FOUR
DO & LK=1,LIML FOUR
1V(8)=LK FOUR

FOUR

LBK=1UN(LB, LK)
X1=(D12¢ 1Vv( IDAR(1,1)),1v¢ IDAR(C2,1)),1v¢ INDAR(3,1)),1V( INAR(4,1)))*DFOUR

.SQ(IV(IDAR(S,I)),IV(IDAR(B,I)),IV(IDAR(?,I)),IV(IFAR(B,I)))+013(IVF0UR
.(lDAR(l,l)),IV(IDAR(Z,I)),IV(InAR(S,l)),lV(IDAR(B,I)))*DZh(!V(IDARFOUR
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21

.(3,1)),IV(lDAR(h,l)),IV(IDAR(7,1)),IV(IDAR(3,1)))+DIM(IV(lDAR(l,l)FOUR
.),IV(IDAR(2,1)),IV(IDAR(7,1)),lV(lDAR(B,l)))*DZS(lV(lDAR(3,1)),IV(FOUR

.lDAR(H,l)),lV(IDAR(S,l)),IV(IDAR(G,I))))*FACTOR
GOTO ICASE,(5,6,7,8)
FHHh(lB,IK,JMI)=FHHk(IB,IK,JMI)+X1*DJKL(JBK,KBK,LBK)
X2=X1*DKL(KBK, LBK)
LHHk(IK,JB,JMI,JMJ)=LHHQ(IK,JB,JMI,JMd)+ClJ(IB,JK)*X2
LHHH(IK,JK,JMI,JMJ)=LHHQ(IK,JK,JMI,JMJ)+CIJ(IB,JB)*X2
LHH&(IB,JK,JM|,JMJ)=LHHh(lB,JK,JMI,JMJ)+CIJ(IK,JB)*X2
LHHh(IB,JB,JMI,JMJ)=LHH#(IB,JB,JMI,JMJ)+CIJ(IK,JK)*X2
X2=X1+DJL(JBK,LBK)
LHH4(IK,KB,JMI,JMK)=LHH4(IK,KB,JMI,JMK)+CIK(IB,KK)*XZ
LHHQ(IK,KK,JMI,JMK)=LHHH(IK,KK,JMI,JMK)*CIK(IB,KB)*XZ
LHHQ(IB,KK,JMI,JMK)=LHHH(IB,KK,JMI,JMK)+CIK(IK,KB)*XZ
LHHk(lB,KB,JMI,JMK)=LHHQ(IB,KB,JMI,dMK)*ClK(IK,KK)*XZ
X2=X1*DJUK(JBK,KBK)
LHHQ(IK,LB,JMI,JML)=LHHQ(IK,LB,JMI,JML)+CIL(IB,LK)*X2
LHHH(IK,LK,JMI,JML)=LHHR(IK,LK,JMI,JML)+CIL(IB,LB)*XZ
LHHh(IB,LK,JMI,JML)=LHHM(IB,LK,JMI,JML)+CIL(IK,LB)*X2
LHHh(IB,LB,JMI,JML)=LHHk(IB,LB,JMI,JML)+CIL(IK,LK)*XZ
FHHM(JB,JK,JMJ)=FHHh(dB,JK,JMJ)+X1*DlKL(lBK,KBK,LBK)
X2=X1*DIL(1BK,LBK)
LHHQ(JK,KB,JMJ,JMK)=LHHQ(JK,KB,JMJ,JMK)+CJK(JB,KK)*XZ
LHHM(JK,KK,JMJ,JMK)=LHHH(JK,KK,JMJ,JMK)+CJK(J8,KB)*XZ
LHHQ(JB,KK,JMJ,JMK)=LHHh(JB,KK,JMJ,JMK)+CJK(JK,KB)*X2
LHHM(JB,KB,JMJ,JMK)=LHHH(JB,KB,JMJ,JMK)+CJK(JK,KK)*X2
X2=X1+DIK(1BK,KBK)
LHHh(JK,LB,JMJ,JML)=LHHQ(JK,LB,JMJ,JML)+CJL(JB,LK)*XZ
LHHH(JK,LK,JMJ,JML)=LHHQ(JK,LK,JMJ,JML)+CJL(JB,LB)*X2
LHHh(dB,LK,JMJ,JML)=LHH4(JB,LK,JMJ,JML)+CJL(JK,LB)*XZ
LHHM(JB,LB,JMJ,JML)=LHHQ(JB,LB,JMJ,JML)*CJL(JK,LK)*XZ
FHH#(KB,KK,JMK)=FHHQ(KB,KK,JMK)+X1*DIJL(IBK,JBK,LBK)
X2=X1#D1J(1BK,JBK)
LHH#(KK,LB,JMK,JML)=LHH#(KK,LB,JMK,JML)+CKL(KB,LK)*XZ
LHH#(KK,LK,JMK,JML)BLHH#(KK,LK,JMK,JML)+CKL(KB,LB)*XZ
LHHQ(KB,LK,JMK,JML)=LHH#(KB,LK,JMK,JML)*CKL(KK,LB)*XZ
LHHh(KB,LB,JMK,JML)=LHHQ(KB,LB,JMK,JML)+CKL(KK,LK)*XZ
FHHQ(LB,LK,JML)=FHHQ(LB,LK,JML)+X1*DIJK(IBK,JBK,KBK)
CONTINUE

CONTINUE

DO 21 UA=1,NORB

DO 22 JB=1,NOB

DO 22 yc=1,4B
FHHh(JB,JC,JA)=0.2500*(FHHH(JB,JC,JA)+FHHH(JC,JB,JA))
FHH#(JC,JB,JA)HFHH#(JB,JC,JA)

LHH#(JC,JB,JA,JA)B(LHHU(dC,JB,JA,dA)*LHHu(JB,JC,JA,JA))*0.12500

LHHH(JB,JC,JA,JA)=LHH&(JC,JB,JA,JA)
1S=UA+1

IF(1S.GT.NORB)RETURN

DO 21 uB=1S,NORB

DO 21 Jc=1,N0B

DO 21 JD=1,NOB
LHH#(JC,dD,dA,JB)=LHHQ(JC,JD,JA,JB)*0.12500
LHHM(JD,JC,JB,JA)=LHHQ(JC,JD,JA,JB)
RETURN

END

SUBROUTINE FOINT(FDUB, *, NULL)
IMPLICIT REAL*8(A~H,0-2)

REAL*8 LH2,LHH2

COMMON/TNO/FHZ(S,S,h),FHHZ(S,S,b),FACZ(lOO),LH2(5,5,Q,4),LHH2(S,

FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOUR
FOIN
FOIN
FOIN
Foin



L5,4,0), 1NT2(4,100), INTNO2(100),NULL2(100),LIM2, INTLI2 FOIN

COMMOM/SYM/IDAR(8,10) FOIN
LOGICAL NULL,RC,LC(G),NULL2 FOIN
INTEGER 1T(4,6)/1,2,3,4,1,2,5,6,1,2,7,8,3,4,5,6,3,4,7,8,5,6,7,8/,QF0IN
.N(15),FDUB,1V(38) FOIN

10 Do 2 4B=1,6 FOIN
DO 3 JC=1,INTLI2 FOIN
IFCIDAR(JB,8) .NE, INTNO2(JC))GOTO3 FOIN
LC(JB)=NULL2(JC) FOIN
GOTO31 FOIN

3 CONTINUE FOIN
INTL12=INTLI2+1 FOIN
INTNO2(INTL!2)=1DAR(JB, 8) FOIN

CALL TWINT(L4,1T(2,J8),1T(2,dB),1T(3,48),1T(4,JB),RC) FOIN
LC{JB)=RC FOIN
JC=INTLI2 FOIN

31 CALL LI1ES(LC,JC,JB,FDUB) FOIN
2 CONTINUE FOIN
NULL=(CLC(1).OR.LC(6)).AND.(LC(2).0R.LC(5)).AND.(LC(3).0R.LC(4)) FOIN
IF(NULL)RETURN1 FOIN
RETURN FOIN

END FOIN
SUBROUTINE DENS (LIIDIX,EXPCOE) DMNSL
IMPLICIT REAL*8(A-H,0-Z) DNSL
COMMON/SPLI1/|1,l2,d1,d2,K1,K2,L1,L2,LIMI,LIMJ,LIMK,LIML,JMI,JMJ,JDNSk

MK, JML, 1EXP, JEXP,KEXP, LEXP DNSk&

COMMON/DENSIT/DIJK(15,15,15),DIJL(15,15,15),0!KL(15,15,15),DJKL(150NS&
.,15,15),Dld(15,15),DIK(15,15),D|L(15,15),DJK(15,15),DJL(15,15),DKLDNSh

.(15,15),ClJ(S,S),CIK(S,S),CIL(S,S),CJK(S,5),CJL(5,5),CKL(S,5) DNSHL
INTEGER LIMV(Q),IXV(M),INXV(SO),INFO(M),FDU,lM2(3,h)/1,2,3,1,2,h,1DNSh
«03,4,2,3,4/ DNSk
EQUIVALENCE(LIMV(I),LIHI),(IXV(l),lEXP) DNSH
INTEGER*2 LEN1/27000/,LEN2/1800/,LEN3/200/ DNSHh
LOGICAL WDH/.FALSE./ DNSL
REAL*8 EXPCOE(5,10) DNSL
TINCL,J) =1+ (J*(J=-1))/2 DNSh
IF(WDH)GOTO1 DNSL
WDH=.TRUE. DNSL4

CALL LOGIOU(INFO,'3 ',&%101) DNSH
FDU=INFO(1) DNSH4

c THE SI1X-VECTOR DENSITY MATRICES ARE COMPUTED AND WRITTEN ON UNIT(3) DNSL
1 DO 2 JA=1,2 DNS4
1S1=JA+1 DNS4

D0 3 JB=I1S1,3 DMS4
1S2=JyB+1 DNSH

DO 4 JC=1S2,4 DNSUH
INDEX=100*1XV(JA)+10*IXV(JB)+1XV(JC) DNS4
IF(LIMDIX.EQ.0)GOTOS DNSH

DO 6 JD=1,LIMDIX DNSL
IFCINXV(JD).EQ. INDEX)GOTOL DNSU4

6 CONTINUE DNS4
5 LIMDIX=LIMDIX+1 DNSH
IFCLIMDIX.GT.50)G0T0102 DNS4
INXV(LIMDIX)=INDEX DNS 4

CALL NOTE(FDU, INFO) DNS4
HRITE(I'INDEX*IOOO)INFO(Z),INFO(Z),INFO(S),INFO(“) DNS4
LIM1=LIMV(JA) DMNSH
LIM2=LIMV(JB) DNS4
LIM3=LIMV(JC) DNS4

I1X1=1XV(JA) ‘ DNSk
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1X2=1XV(J4B)
1X3=1XV(JC)

DO 7 uBl=1,L1M1
DO 7 JK1=1,4B1
JBK1=1JN(JK1, JB
EXP1=EXPCOE(JB1
DO 7 uB2=1,LIM2

1
+ 1X1)*EXPCOE(UK1, IX1)

EXP2=EXP1*EXPCOE(JBZ,lX2)

DO 7 JK2=1,uB2

JBK2=1JN(JK2,UB2)

EXP3=EXP2*EXPCO
DO 7 JUB3=1,LIM3
EXPL=EXP3*EXPCO
DO 7 JK3=1,4B3
JBK3=1UN(JK3,uB

E(JK2,1X2)
E(JB3,1X3)
3)

DJKL(JBKI,JBKZ,JBKB)=EXPCOE(JK3,IXB)*EXPQ
CALL NR!TE(DJKL,LENI,O,LENR,S,&IOO)

CONTINUE
CONTINUE
CONTINUE

THE DENSITY MATRI

DO 10 JA=1,3

1S=JA+1
DO 11 JB=1S§,4
IX1=1XV(JA)

1X2=1XV(JB)

CES CONTAINING FOUR VECTORS ARE COMPUTED AND WRITTE

INDEX=(1X1%#10+1X2)#10
DO 12 Jyc=1,LIMDIX

IFCINXV(JC),EQ.
CONTINUE

LIMDIX=LIMDIX+1

INDEX)GOTO11

INXV(LIMDIX)=INDEX

LIM1=LIMV(JA)
LIM2=L1MV(JB)

DO 13 uBl=1,L1M1

DO 13 uUKi=1,uB1

JBK1=1JN(JK1,dB1)
EXP1=EXPCOE(JBI,IXl)*EXPCOE(dKl,le)
DO 13 JB2=1,L1M2
EXP2=EXP1*EXPCOE(JBZ,IX2)

DO 13 uK2=1,yB2

JBK2=1JN(JUK2,dB2)
DlJ(JBKl,JBKZ)=EXP2*EXPCOE(JK2,lX2)

CALL NOTE(FDU, |

NFO0)

WRITE(l'INDEX*IOOO)INFO(Z),lNFO(Z),INFO(B),INFO(ﬁ)

CALL WRITE(DIyY,
CONTINUE
CONTINUE

LEN2,0,LENR,3,5100)

MIXED DENSITY-MATRICES OF TWO VECTORS ARE COMPUTED

IREP=0

DO 20 uA=1,3
1S=JA+1

DO 21 JuB=Is,4
IREP=IREP+1
IX1=1Xv(Ja)
IX2=1XV(JB)

INDEX=1X1*10+1x2
DO 22 Jc=1,LIMDIX

IFCINXV(JC) . EQ.
CONTINUE

INDEX)GOTO21
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21
20

31
32
33

34
30

L1
L2
43
by
45

46
L7

51
52
53
54
55

THE DENSITY MATRICES TO BE USED

LIMDIX=LIMDIX+1
INXV(LIMDIX)=INDEX
LIM1=LIMV(JA)
LIM2=LIMY(JUB)

DO 23 Jy1B=1,LIM1
DO 23 J1K=1,LIM2

Cl1J(J1B,J1K)=EXPCOE(J1B, IX1)*EXPCOE(J1K, IX2)

CALL NOTE(FDU, I NFO)

WRITECL1'INDEX*1000) INFO(2), INFO(2), INFO(3), INFO(4)

CALL WRITE(CIJ,LEN3,0,LENR,3,&100)
CONTINUE
CONTINUE

DO 30 JA=1,4

INDEX=1XV(IM2(1,JA))*100+1XV(IM2(2,JA))I*10+1XV(IM2(3,JA))

READ(1'INDEX*1000)INFO

CALL POINT(FDU, INFO,1)
GOTO(31,32,33,34),JA

CALL READ(DI1JK,LEN1,0,LENR,3,&100)
GOTO030

CALL READ(DIJL,LEN1,0,LENR,3,&100)
GOTO030

CALL READ(DIKL,LEN1,0,LENR,3,&100)
GOTO30

CALL READ(DJKL,LEN1,0,LNR,&100)
CONTINUE

IREP=0

DO 40 JA=1,3

1S=JA+1

DO 40 JB=|S,4
INDEX=1XV(JA)*10+1XV(JB)
IREP=IREP+1
READ(1'INDEX*1000)INFO

CALL POINT(FDU,INFO,1)
GOTO(41,42,43,044L,45,46), IREP
CALL READ(CIJ,LEN3,0,LENR,3,&100)
GOTOL7

CALL READ(CIK,LEN3,0,LENR,3,&100)
GOTOuL?

CALL READ(CIL,LEN3,0,LENR,3,&100)
GOTOL7?

CALL READ(CJK,LEN3,0,LENR,3,&100)
GOTOL?7

CALL READ(CJL,LEN3,0,LENR,3,4100)
GOTOL7

CALL READ(CKL,LEN3,0,LENR,3,8100)
INDEX={NDEX*10
READ(1'INDEX*1000) INFO

CALL POINT(FDU,INFO,1)
G0T0(51,52,53,54,55,56), IREP

CALL READ(D1J,LEN2,0,LENR,3,&100)
GOTOuLO

CALL READ(DIK,LEN2,0,LENR,3,8100)
GOTO40

CALL READ(DIL,LEN2,0,LENR,3,&100)
GOTO40

CALL READ(DJK,LEN2,0,LENR,3,&100)
GOTO40

CALL READ(DJL,LEN2,0,LENR,3,&100)

IN FOUREL ARE READ

IN

THE DENSITY MATRICES WITH T{0 SUBSCRIPTS ARE READ IN

DNSY4
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100
101
102
900

901
902
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(o]

10
11
12
13
100

GOTOLO

CALL READ(DKL,LENZ,O,LENR,3,&100)
CONTINUE

RETURN

WRITE(6,900)

STOP

WRITE(6,901)

STOP

WRITE(6,902)

STOP

FORMAT (' WRONG RETURN IN 1/0=-ROUT IN DENS')
FORMAT (' LOGIOU HAS WRONG RETURN IN DENS ')
FORMAT(' DIMENSION OF INXV 1N DENS EXCEEDED'")
END

SUBROUT I NE LIES(LC,JCI,JBI,FDUB)
IMPLICIT REAL*8(A-H,0-2)
INTEGER*2 LEN/5000/

LOGICAL LC(6)
COMMON/lNTRAh/DlZ(S,S,S,5),013(5,5,5,5),Dlh(5,5,5,5),023(5,5,5,5),
.DZH(S,S,S,S),DBQ(S,S,5,5)
INTEGER FDUB,INFO(#),IREP/O/
|F(IREP.EQ.1)GOTO20

IREP=1

po 21 JA=1,5

po 21 JB8=1,5

po 21 JC=1,5

po 21 Jb=1,5
D12(JA,JB,JC,JdD)=0.D0
WRITE(1'10000000)D12
IF(.NOT.LC(JBI))GOTOI
GOT0(2,3,M,5,6,7),JBI
READ(1'10000000)D12

RETURN

READ(1'10000000)D13

RETURN

READ(1'10000000)D1k

RETURN

READ(1'10000000)D23

RETURN

READ(1'10000000)D24

RETURN

READ(1'10000000)D34

RETURN v
READ(l'(2000+JCI)*1000)|NFO

CALL POINT(FDUB, INFO,1)
GOT0(8,9,10,11,12,13),JBI

CALL READ(DlZ,LEN,O,LNR,Z,&lOO)
RETURN

CALL READ(DIB,LEN,O,LNR,2,&100)
RETURN

CALL READ(Dlh,LEN,O,LNR,Z,&lOO)
RETURN

CALL READ(D23,LEN,0,LNR,Z,&lOO)
RETURN

CALL READ(DZM,LEN,O,LNR,Z,&IOO)
RETURN

CALL READ(DBM,LEN,O,LNR,Z,&IOO)
RETURN

WRITE(6,900)

sTOP
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900 FORMAT( 'WRONG RETURM IN 1/0 ROUT M LIFS,FNUREL') LIES

END LIES
SUBRNUTIME COMBIN(METHOD,ISYM,ORR,NORT,FH],FHHI,FHZ,FHHZ,FHHS,FHHhCOMB
.,LH2,LHH2,LHH3,LHHU,WK,EXPCOE,EXH,EXHH,TAU) COMB
IMPLICIT REAL*8(A-H,0-Z) COMB

C THIS ROUTINE SETS UP THE F&L-MATRICES AS RFQUIRFD BY HiMZF COMB
COMMON/HINZ/S,F,L,NOB,NORB,CLOSED CcoMB
COMMON/RENOR/INNO(IO),ISTA(S),INNOR(IO) COMB

c METHOD 1S A PARAMETER,READ BY THF MAIM LINE, THAT DETFRMINES THF OUANCOMB
C BE MINIMIZED CcOMB
C METHOD=1 comB
C MINIMIZE: <H> CONSTRAINT, 1 COMB
C METHOD=2 COMB
c MINIMIZE: <(H=E)#*2> COMSTRAINT: 1 CnMB
C METHOD=3 ComB
c MINIMIZE: <CH=WK)*#%2> CONSTRAINT: 1 CoMB
C METHOD=4 COMB
c MINIMIZE: SH=WK>*%2 /<(H-WK)**2> CONSTRAINT: 1 COMB
C METHOD=5 CoMB
c MINIMIZE: SH=WKD>*#2 /< (H=E) %# 2> CONSTRAIMT; 1 CoMB

REAL*38 FHl(S,S,Q),FHHl(S,5,“),FH2(5,5,“),FHHZ(S,S,&),F"HB(S,S,b),FCOMB
.HHU(S,5,4),LHZ(S,S,Q,Q),LHH2(5,5,h,h),LHH3(5,5,h,H),LHHh(5,5,h,&),COMB

.F(S,S,U),L(S,S,k,h),EXPCOE(S,10),3(5,5,3),EXH(3,4),EXHH(3,Q) coms
LOGICAL CLOSED(3,4) CcoMB
INTEGER ORB(3),NNBT(3) COMB
NOB=NOBT( ISYM) CcoMB
NORB=0RB( ISYM) ComMB
IST=ISTACISYM) CoMB
GOTD(1,2,3,Q,Q,Q),METHOD coMB

c FIRST VARIATIONAL S CHEME COMB
1 DO 5 JA=1,NnB . COMB
DO 5 JB=1,NOB CoMB
DO 5 JC=1,NORB COMB
F(JA,JB,JC)=FH1(JA,JB,INNOR(IST+JC))*FH2(JA,JR,I“NOP(IST+JC)) COMB
DO 5 Jn=1,NORB COMB
5 L(JA,JB,JC,JD)=0.SDO*LH2(JA,dR,IMNOQ(IST+JC),INNﬁD(IST+JD)) COMB
RETURN CoMB
c SECOND VARIATINNAL SCHEME COMB
2 CALL ENER(ISYM,EXPCOE,FHI,FHZ,NOBT,ORR,FXH) comB
EVH=0.D0 CNMB
DO 8 uA=1,3 CnmMB
LINORB=0RB(JA) CoMB
IFCLINORB.EQ.0)GNTOS CcomB
Dn 9 uB=1, LINORB coMB
9 EVH=EVH+EXH( JA, JB) COMB
8 CONTINUE CcoMB
GOTO31 : CoMB
C THIRD VARIATIONAL SCHEME CoMB
3 EVH=WK CoMB
31 FACT=2,DO*EVH COMB
DO 6 JA=1,NOB CoMB
DO 6 JUB=1, NOB COMB
DO 6 JyC=1,NORB comB
JE=INNOR(IST+yC) COMB
F(JA,JB,JC)=FHH1(JA,JB,JE)+FHH2(JA,JB,JE)+FHH3(JA,JB,JE)+FHHQ(JA,JCOMB

.B,JE)-FACT*(FHl(JA,JB,JE)+FH2(JA,JB,JE)) COMB
DO 6 JD=1,NORB COMB
JE=INNOR( IST+JD) CcoMB

6 L(JA,JB,JC,JD)=(LHH2(JA,JB,JE,JF)+LHH3(JA,JB,JE,JF)+LHHh(JA,JB,JE,COMB

.JF)~FACT*LH2(JA,JB,JE,JF))*O.SDO COMB



RETURN CoMB

c FOURTH+FIFTH+SIXTH VARIATIONAL SCHEME CoMB
4 CALL ENER(lSYM,EXPCOE,FHI,FH2,NOBT,ORB,EXH) comMB
CALL EXVAHH(FHHI,FHHZ,FHH3,FHHQ,EXPCOE,lSYM,NOBT,ORB,EXHH) COMB
EVH=0.D0 CcomB
EVHH=0,00 comB

DO 10 JUA=1,3 comMB
LINORB=0ORB(JA) CoMB
IFCLINORB,EQ.0)GOTO10 COoMB

DO 11 JB=1,LINORB COoMB
EVH=EVH+EXH(JA, JB) CcOMB

11 EVHH=EVHH+EXHH(JA, JB) comB
10 CONTINUE COoMB
DELTA=EVHH=-EVH*EVH COMB
DELTAS=EVHH=2,D0*EVH*IK+WK*\/K comB
EPSILO=DABS(EVH=WK) comMB
EPDS=EPSILO/DELTAS ComB
lF(METHOD.EQ.S)EPDS=EPSILO/DELTA coMB
OMEGA1=2.D0*(TAU*EPSILO-IWK) comB
OMEGA2=1.D0 CoMB
IF(METHOD.EQ.6)G0T012 comB
0MEGA1=2.DO*EPDS*(I.DO+WK*EPDS) comB
OMEGA2=-EPDS*EPDS coms

12 CONTINUE Coma
DO 7 JA=1,NOB comB

DO 7 JB=1,NOB CoMB

DO 7 JC=1,NORB ComMB
JE=INNOR(CIST+JyC) comB
F(JA,JB,JC)=OMEGA2*(FHHI(JA,JB,JE)+FHH2(JA,JB,JE)+FHH3(JA,JB,JE)+FCOMB
.HHQ(JA,JB,JE))+OMEGA1*(FH1(JA,JB,JE)+FH2(JA,JB,JE)) comB

DO 7 JD=1,NORB coms
JF=INNOR(IST+JD) CoMB

7 L(JA,JB,JC,JD)=(0MEGA2*(LHHZ(JA,dB,JE,JF)*LHHS(JA,JB,JE,JF)+LHHQ(JCOMB
.A,JB,JE,JF))+0MEGA1*LH2(JA,JB,JE,JF))*S.D-l CcomB
RETURN CoMB

DEBUG UNIT(9) comB

AT12 comB
DISPLAY EVH,EVHH,DELTA,EPSIL0,0MEGAI,OMEGAZ comB

END COMB
SUBROUTINE DIAGO(EXPCOE,NOBT,lSYM,FHl,FHZ,FHHl,FHHZ,FHHB,FHH#,WK) DIAG
IMPLICIT REAL*8(A~H,0-2) DIAG
INTEGER NOBT(3) DIAG
COMMON/HINZ/S,F,L,NOB,NORB,CLOSED DIAG
COMMON/RENOR/INNO(IO),ISTA(3),INNOR(IO) DIAG

REAL*3 EXPCOE(S,lO),S(5,5,3),F(5,5,Q),L(S,S,Q,h),MAT(lS),EIGVEC(S,DIAG
.5),SMS(IS),SMO(IS),T(IS),FHI(S,S,u),FHZ(S,S,Q),FHHl(S,S,h),FHHZ(S,DlAG

.5,&),FHH3(5,5,k),FHHu(S,S,u),TEXT(Z)/'<H> 'SICHRR2Y 1y DIAG
REAL*g SM01(15),$M02(15),EIGM(ZS),EIGVAL(S),R(S,S),RV(S) DIAG
LOGICAL CLOSED(B,M),NOSTA/.FALSE./ DIAG

9999 IF(NOSTA)GOTO10 DIAG
NOSTA=, TRUE. DIAG
DO 12 uA=1,2 DIAG
DO 11 JB=1,NO0B DIAG
DO 11 Jc=1,yB DI AG
| UN=JC+JUB*(UB-1)/2 D1AG
11 SMS(1JN)=S(JB,JC,JA) DIAG
IF(JA.EQ.1)CALL SOMS (NOBT(.JA), SMS, SMO1) DIAG
IF(JA.EQ.2)CALL SOMS(NOBT(JA),SMS,SMO2) DIAG
12 CONTINUE DIAG

10 IN=INNO(CISYM) DIAG



C FILL UP THE MATRIX TO BE DIAGONALIZFED

900
901
c

15

902
904
14
3

DO 1 JA=1,NOB

DO 1 JB=1,JA

1UN=JB+JA*( JA-1) /2

MAT( 1 UN) =F(JA, JB, 1)

IFCISYM.EN.1)CALL MULTS(MNOR,MAT,SM0O1,T)
1FCISYM,EQ.2)CALL MULTS(MOB, MAT,SMN2,T)
CALL DFIRECMAT, EIGM,NOB, 0)

DN 4 JA=1,NNB

DO 4 JB=1,NOB

1K=( JA-1)*NOB+JB

EIGVEC(JB, JA) =E1GM( 1K)
{FCISYM,EQ.1)CALL VMULT(NOB,EIRVEC,SM0O1,5)
IFCISYM,.EQ,2)CALL VMULT(NOB,EIRVEC,SMN2,5)
MAT(2)=MAT(3) ..
MAT( 3)=MAT(6)

MAT(4)=MAT(10)

MAT( 5)=MAT(15)

WRITE(12,900)(MAT(JA), JA=1,NOB)
WRITE(12,901)

DO 2 JA=1,NOB
WRITE(12,900)(EIGVEC(JA, JB), JB=1, NNB)
WRITE(12,901)

FORMAT(5D15.5)

FORMAT(///)

ADD THE F-MATRICES

IMULT=1
DO 5 JB=1,NOB
DO 5 JC=1,NOB

R(JUB,JC)=0,5D0*FH2(JR, JC, INNNR(ISYM))+FHI(JR, JC, INNNP( |SYM))

DO 6 JA=1,MNB
EI1GVAL(JA)=0,D0

DO 7 JB=1,NNB

RV(JB)=0,D0

DO 7 JC=1, N0B

RV( UB) =RV( JB) +E1GVEC(JC, JA)*R( JC, JB)

DO 8 JB=1,N0OB

EIGVAL(JA) =E1GVAL(JA)+RV(JB)*EIRVEC( JB, JA)
CONTINUE

WRITE(12,902)TEXT(IMULT), (EIGVAL(JA), JA=1,NOB)

IMULT=IMULT+1
1FCIMULT.EQ.3)GOTO14
DAMIN=DABS (WK=-E1GVAL(1))
1SK=1

DO 15 JA=2,NOB
DBMIN=DABS(WK-EIGVAL(JA))
IF(DAMIN.LE.DBMIN)GOTO1S
DAMIN=DBMIN

ISK=JA

CONTIMNJE

JC=1NNOR( ISYM)

DO 9 JA=]1,NOB

DO 9 JB=1,N0OB

DI AG
DIAG
DI AG
DIAG
D1 AG
NIAG
NIAG
DI AG
DIAG
DIAG
NIAG
DI AG
DI AG
DIAG
D1 AG
DIAG
DIAG
DIAG
DI AG
D1 AG
D1AG
D1AG
DI AG
DIAG
DI1AG
DIAG
D1AG
DIAG
DI AG
DIAG
D1 AG
NIAG
N1AG
D1 AG
DIAG
D1AG
D1 AG
ND1AG
D1AG
DI1AG
DIAG
DI AG
DIAG
DIAG
DIAG
DIAG
DIAG
D1 AG
DIAG
DI AG
DIAG
DI AG
DIAG

R(JA, JB) =FHH1(JA, JB, JC) +0.5D0*FHH2(JA, JB, JC) +FHH3(JA, JB,JC) /3. DO+FDI AG

.HH4(JA, JB, JCI*0, 25D0

GOTO13

FORMAT(1H , A8,5D20.10)
FORMAT(11)

NO 3 JA=1,NOB
EXPCNE(JA, IN) =EIGVEC(JA, ISK)

DIAG
D1AG
DI1AG
DIAG
DIAG
DIAG



o
o

13

14
12

10

11

o

RETURN

DEBUG UNIT(Q),SUBTRACE,SUBCHK
END

SUBROUTINE

IMPLICIT
INTEGER

COMMON/R
IORB=0R3B

R
NO

EN
(1

CNVRGC(EXPCOE,ITER,NOBT,ORB,*)
EAL*8(A-H,O-Z)

1F (ITER.EQ.I)GOTOID
0

SUM=0,p
DO 1 ya=

1,

LIM DOES NOT
LIM=NOBT(INNO(JA)/5+1)
Lim

DO 1 uB=1

SUM=SUM+

(E

10RB
INCLUDE D-ORBITALS

XPCOE(JB,INNO(JA))-OLDEXP(JB,lNNO(dA)))**Z

SUM=DSQRT(SUM)

WRITE(11
FORMAT(?
1F(SUM. L
DO 12 ya
LIM=NOBT
SMAX=DAB
1SK=1

.9

!
T.
=1
(1
S(

00) I TER, SUM
TERATION ‘13,0 CONV.SUM=',015.5)
1.D-8)RETURN1

+»10RB

NNO(JA)/5+1)

EXPCOE(I,INNO(JA)))

DO 13 JB=2, LM

I F(DABS(
1SK=yB

SMAX=DAB
CONTINUE

EX
S¢

PCOE(JB,lNNO(JA))).LE.SMAX)GOT013
EXPCOE(JB,INNO(JA)))

SSIGN=DSIGN(1.DO,EXPCOE(ISK,INNO(JA)))
Lim

DO 14 yB

CONTINUE

DO 11 JA=1, I0RB

LIM=NOBT
DO 11 us
OLDEXP(y
RETURN
END

(1
=]
B,

NNO(JA)/54+1)
Lin
fNNO(dA))=EXPCOE(JB,INNO(JA))

SUBROUTINE AlTKEN(EXPCOE,lTER,NOBT,ORB)

AN AITKEN
REAL*8 E

DE
R
Xp

LTA-SQUARE CONVERGERCE ACCELERATION
)
COE(S,IO):ARRAY(IO,S,B)

INTEGER NOBT(S),ORB(3),IREPV(10)

COMIMON/R
IFCITER,
NORBT=0R

0 1 JA=1,1

EN
NE
B(

OR/INNO(IO),ISTA(S),INNOR(IO)
+1)GoT02
1)+ORB(2)+0RB(3)

0

IREPV(JA)=0
03 JA=1,NORBT
IXP=1NNO(JA)

ISYP=14+)
NOB=NOBT
IREPV(Ix

Xp
(1
P)

/5+IXP/9-IXP/10
SYp)
=IREPV(IXP)+1

DO g4 JB=1,N0B

ARRAY (uA
IFCIREPY

.J
(1

B,IREPV(IXP))=EXPCOE(JB,lXP)
XP) . NE.3)G0TO3

DO 6 uB=1,N0B

4
IF(DABS(ARRAY(JA,JB,3)

-ARRAY(JA,JB,Z)).GE.DABS(ARRAY(JA,JB,2)-ARRA

A
Al TK



& W

v

(-]

10
11
12
13
2

20
15

23

.Y(JA,U8,1)))GOTO7

AITK

EXPCOE(JB,IXP)=ARRAY(JA,JB,1)-((ARRAY(JA,JB,2)-ARRAY(JA,JB,1))**2)AITK

./(ARRAY(JA,JB,S)-Z.DO*ARRAY(JA,JB,2)+ARRAY(JA,JB,1))
IREPV(1XP)=0

GOTO 3

DO 8 JC=1,NOB

ARRAY (JA, JC, 1) =ARRAY (JA, JC, 2)

ARRAY (JA, JC, 2) =ARRAY (JA, JC, 3)

IREPV(IXP)=2

CONTINUE

RETURN

END

SUBROUT I NE PRPRTS (EXPCOE,ORB,NOBT, | TER, PROSUM, PROPM)

THIS ROUTINE COMPUTES THE EXPECTATION VALUES <1/R>,<R>,<R**2>

IMPLICIT REAL*8(A-H,0-Z)
COMMON/PROPER/SRMI(S,S,3),SRP1(5,5,3),SRP2(5,5,3)
COMMON/ONE/FACI(50),FHH1(5,5,“),FH1(5,5,M),lNTl(SO),L|M1
COMMON/RENOR/INNO(IO),|STA(3),INNOR(IO)

REAL*8 PROSUM(3),PROPM(3,R,3),FACV(10),R1(5),R2(5),R3(5),EXPCOE(5,
.10)

INTEGER ORB(3),NOBT(3)

IF (I TER.NE.1)GOTO20

NORBT=0RB(1)+0RB(2)+0RB(3)

DO 1 JA=1,10

FACV(JA)=0

DO 2 JA=1,LIM1

10RB=INT1(JA)

AITK
AITK
AlITK
AITK
AITK
AITK
AlITK
AITK
ALTK
AITK
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP

GOTO(S,R,S,5,5,6,7,7,7,8,8,8,8,8,9,10,10,10,11,11,11,11,11,12,13,1PROP

.3,13),10R8B

1A=1

GOTO2

1A=2

GOTO2

1A=5

GOTO2

1A=3

GOTO2

1A=6

GOTO2

1A=9

G0TO2

1A=4

GOTO2

|A=7

GOTO02

1A=10

G0TO02

1A=11

GOTO2

1A=8
FACV(1A)=FACV(1A)+FAC1(JA)
DO 15 JA=1,3
PROSUM(JA) =0

DO 23 JB=1,3

Do 23 JC=1,4

DO 23 JD=1,3
PROPM(JB,JC,JD)=0.D0
DO 21 JA=1,NORBT
I XP=INNO(JA)
ISYP=1+1XP/5+1XP/9-1XP/10

PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP



22

24
C ADD

26
21

c CLOSED CONTAINS

1ORB=1XP-( ISYP-1)*4

NOR=NOBRT(1SYP)

Dn 22 JB=1,NNB

R1(JB)=0.D0

R2(JB)=0.Nn0

R3(JB)=0.D0

Do 22 JC=1,MOB

R1(JB)=R1(JB)+SRMI(JB,JC, [SYP)*EXPCOF(JC, [ XP)
R2(JB)=R2(JB)+SRP1(JB, JC, ISYP)*EXPCNE(JC, | XP)
R3(JB)=R3(JB)+SRP2(JB,JC, ISYP)*EXPCOF(JC, | XP)

Do 24 JB=1,NOB

PROPM( ISYP, IORB, 1) =PROPM( ISYP, 10PB, 1)+EXPCOE( JR, I XP)*R1(JB)
PROPM( 1SYP, IORB, 2) =PROPM( ISYP, IORB, 2)+FXPCOF(JB, I XP)*R2(JR)
PROPM( ISYP, IORB, 3) =PROPM( ISYP, IORB, 3)+EXPCOE( JB, I XP)*R3(JB)
UP THE PROPERTIES

FACT=FACV(IXP)

DN 26 JC=1,3

PROSUM( JC) =PROSUM( JC) +PROPM( ISYP, |ORB, JC) *FACT

CONTIMUE

RETURN

END

SUBROUTINE HINZE(EXPCOE, ISYM,ORB, COMPL)

IMPLICIT REAL*8 (A-H,Nn-2)

COMMON/HINZ/S,F,L,NOB,NORB, CLNSED

COMMON/INTHIMN/GSM, GSV
COMMON/RENOR/INND(10), ISTA(3), INNOR(10)

PROP
PROP
PROP
PRNP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
PROP
HINZ
HINZ
HINZ
HINZ
HINZ

REAL*8 EPSI(L4,4),GSM(5,5,4,4),G5v(20),D(5,5,4,4),R1(5,5),R2(5,5),RHINZ
.3(5,5),R4(5,5),RV1(5),RV2(5),5(5,5,3),F(5,5,4),L(5,5,4,4), EXPCNF(5HINZ

.,10),THRH/1.D-5/

LOGICAL CLOSED(3,4)
INTEGER ORB(3)

C EMPTY ALL ARRAYS

1
5323

DO 1 JC=1,4

Do 1 JD=1,14
EPSI1(JC,Jn)=0.D0

DO 1 JA=1,5

DO 1 JB=1,5

GSM( JA, JB, JC,JD) =0,D0
IST=1STACISYM)
CONTINUE

c COMPUTE EPS1(JA, JB)

41

42

43

45
4o

DO 40 JA=1,NORB

DO 45 JB=JA,NORB

IFCCLOSED( 1SYM, JA) .AND . CLOSFD( I SYM, JB) ., AND,JA . NE,JB)CGNOTNLS
DO 41 JC=1,NOB

bo &1 JD=1,N0OB

R1(JC, JD)=F(JC, D, JA) +F(JC, JD, JB)

Dn 42 JC=1,NOB

RV1(JC)=0.D0

DO 42 JDh=1,NOB

RV1(JC) =RVI(JC)+EXPCOECJD, INNO(IST+JA))*R1(JN,JC)
EPS1(JA, JB)=0.D0

DO 43 JC=1,N0B

EPS1(JA, JB)=RVI(JC)*EXPCOFE(JC, INNO(IST+.IB))+EPSI (1A, JR)
EPS1(JB, JA)=5.D-1+EPSI( JA, JB)

EPSI1(JA, JB)=EPSI(JB, JA)

CONT INUE

CONTINUE

DO 44 JA=1, NORB

HINZ

iNFO IF THE ORBITAL(ISYM,NORR) BFLONG TN CLNSFN SHELHIMZ

HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ



Ly
c

(9]

o

o

10

11

c
c
13

14

15

16

THE PART WHICH CONTRIBUTES ON

DO 44 yB=1,NORB

DO 44 JCc=1,NOB
DO 44 JD=1,NOB

D(JC,JD,dA,JB)=EXPCOE(JC,INNO(IST+JA))*EXPCOE(JD,INNO(IST+JB))
LOOP 5 SETS UP THE G-SUPERMATRI X

DO 5 JA=1,NORB
DO 5 JB=1,NORB

THE MATRIX EPSI(1,J)*S-2%1(1,4) IS ADDED
B

DO 6 JC=1,NO
DO 6 JD=1,NOB

HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ

GSM(JC,JD,JA,JBJ=GSM(JC,JD,JA,JB)+EPSI(JA,JB)*S(JC,JD,lSYM)-Z.DO*LHINZ

«{(JC,dD,JA,uB)

| F(JA.NE.JB)GOTO013

DO 8 JC=1,NORB
IF(CLOSED(ISYM,JA).AND.CLOSED(ISYM,JC).AND.JA.NE.JC)GOTOS
DO 9 uD=1,N0B

DO 9 UE=1,N0B

Rl(JD,dE)=F(JD,JE,JA)+F(JD,JE,JC)

DO 10 Jbp=1,NOB

DO 10 JE=1,NOB

R2(JD,JE)=0,D0

R3(JD,JE)=0,D0

DO 10 JF=1,NOB
RZ(JD,JE)=R2(JD,JE)+D(JD,JF,JC,JC)*RI(JF,JE)
RS(JD,JE)=R3(JD,JE)+R1(JD,JF)*D(JF,JE,JC,JC)

DO 11 up=1,nNOB

DO 11 JE=1,NOB

R1(JD,JE)=0,D0

R4(JD,JE)=0.D0

DO 11 JuF=1,N0B
Rl(JD,JE)=R1(JD,JE)+S(JD,JF,ISYM)*RZ(JF,JE)
RQ(JD,JE)=Ru(dD,JE)+R3(JD,dF)*S(dF,JE,ISYM)

DO 12 JD=1,N0B

DO 12 JUE=1,N0B
GSM(JD,JE,JA,JB)=GSM(JD,JE,JA,JB)+0.SDO*(RI(JD,JE)+RQ(JD,JE))
CONTINUE

DO 121 uc=1,N0B

DO 121 Jp=1,N0B
GSM(JC,JD,JA,JB)=GSM(JC,JD,JA,JB)-F(JC,JD,JA)

THIS PART IS ADDED IF ORBITAL(JA) OR (JB) DO NOT BELONG TO
A CLOSED SHELL

IF(CLOSED(lSYM,JA).AND.CLOSED(ISYM,JB).AND.JA.NE.JB)GOT018
DO 14 yc=1,N0B

DO 14 JD=1,NOB
RI(JC,JD)=F(JC,JD,JA)+F(JC,JD,JB)

DO 15 uc=1,N0B

DO 15 Jp=1,N0B

R2(JC,uD)=0,D0

R3(JC,JD)=0.D0

DO 15 JE=1,NoB
RZ(JC,JD)=R2(JC,JD)+D(JC,JE,JA,JB)*RI(JE,JD)
RB(JC,JD)=R3(JC,JD)+R1(JC,JE)*D(JE,JD,JA,JB)
DO 16 Jc=1,N0B

DO 16 Jp=1,N0B

R1(JC,uD)=0.D0

R4(JC,UD)=0,D0

DO 16 JE=1,NOB
RI(JC,JD)=R1(JC,JD)+S(JC,JE,lSYM)*RZ(JE,JD)
Rh(dC,JD)=RQ(JC,JD)+R3(JC,JE)*S(JE,JD,lSYM)

LY TO THE DIAGONAL ELEMENTS IS5 DONE

HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HiNZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ
HINZ



-

Do 17 JC=1, Nng Hinz

Dn 17 JD=1_nnpg Hipz

17 GSM(JC,JD,JA,JB)=GSM(JC,JD,JA,JB)+O.SDO*(R1(JR,dn)+Rh(dP,d“)) Hinz
c Loop 19 ADDS Ty L-MATR | CEs Hinz
18 DO 19 JC=1, Norg HI Mz
lF(CLOSED(lSYM,JA).AND.CLOSED(ISYM,JC).AND.JA.NF.JC)&OTOZS Hinz

Do 29 JD=1, NnB Hinz

Do 20 JE=1, NoB Hinz
RI(JD,JE)=O.DO Hinz
R2(dD,JE)=O.DO HINZ

0 20 JF=1, NoB HINZ
RI(JD,JE)=R1(JD,JE)+D(JD,JF,JC,JC)*L(JF,JE,JA,JB) HInz

20 RZ(JD,JE)=R2(JD,JE)*D(JD,dF,dC,JA)*L(JF,JE,JC,JR) Hinz
21 JD=1, NoB HINZ

Do 23 JE=1, NoB HINZ

21 R3(JD,JE)=R1(JD,JE)*R2(JD,JE) HINZ
2 JD=1, NoB Hinz

Do 22 JE=1, NOoB Hinz

Do 22 JF=1, NnB Hinz

22 GSM(JD,JE,dA,dB)=GSM(JD,JE,dA,dB)+S(dD,dF,lSYM)*R3(dF,dF) HINZ
23 IF(CLOSED(lSYM,dB).AND.CLOSED(ISYM,JC).AND.JB.NE.JC)GOTOIQ HINZ
24 JD=1, nog HINZ

DO 24 JE=1, NnB HINZ
RI(JD,JE)=0.D0 HINZ
R2(JD,JE)=0.DO HInz

Dn 24 JF=1, NnB HINZ
R1(un, yg) = 1(dD,dE)+L(dD,dF,dA,dB)*n(dF,dE,dP,JC) Hinz

24 RZ(JD,JE)=R2(JD,JE)+L(JD,JF,JA,JC)*”(JF,JE,JB,JC) HINZ
DO 25 JD=1,Nnpg HIMz

Do 25 JE=1, NoB Hinz

25 R3(JD,JE)=R1(JD,JE)+R2(JD,JF) Hinz
Dn 2g JD=1, nog HINZ

DN 26 JE=1, NOB HiINZ

Dn 26 JF=1_Nop Hinz

26 GSM(JD,JE, A,JB)=GSM(JD,JE,JA,JB)+R3(JD,JF)*S(JF,JF,ISYM) HiNnz
19 CONT IMJE HINZ
5 CONT INUE HInZ
C THE G-SUPERVECTOR s CoMPUTED HINZ
0 27 JA=1, Norg HINZ

DO 238 JyB=1, NoB HINZ

28 RV1(JB)=0.DO HINZ
Do 29 JB=1, Nors HINZ

DO 29 JC=1, NoB HiINZ

29 RV1(JC)=RV1(JC)+EPSI(JA,JB)*EXPCOF(JC,INNO(!ST+JB)) HINZ
0 30 yB=1, Nop HINZ
RVZ(JB)=0.DO HINZ

Do 30 JC=1, NoB Hinz

30 RV2(JB)=RV2(JB)+S(JB,JC,lSYM)*RVl(dC) HINnZ
0 31 JB=1, NoB HINZ
RV1(JB)=0.DO HINZ

Do 331 JC=1, NnpB Hinz

31 RVl(JB)=RV1(JB)+F(JB,JC,JA)*EXPCOF(JC,INNO(IST+JA)) HiInz
Do 32 JB=1, NnB Hinz

32 GSV((JA-I)*5+JB)=RV1(JB)-RV2(JP) HINZ
27 CONTINUE Hinz
c SUBROUTINE GAUSS aAnp COMPARSOM Hinz
CALL SOLVER(NOB,NORB,ISYM) Hinz

c Loop 33 MAKES A LEAST SQUARF CIMPAR 1SAM Himz
DO 33 JA=1, NORB Hinz

ITO=(JA-1)*5 HInNZ
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C Gauss

DO 34 yB=1,pNop
EXPCOE(JB,INNO(IST+JA))=EXPCOE(JB,INNO(IST+JA))+GSV(ITO+JB)
CONTINUE
DO 39 JA=1, Norg
Do 39 JB=1,N0oRB
DO 400 JC=1, NoB
GSV(JC)=0,pg
DO 400 JD=1, NnB
GSV(JC)=GSV(JC)+EXPCOE(JD,INNO(IST+JA))*S(JD,JC,ISYM)
SUM=0,pg
Do 410 JC=1, NnB
SUM=SUM+GSV(JC)*EXPCOE(JC,INNO(IST+JR))
IF(JA.EQ.JB)COMPL=COMPL+DABS(SUM-1.DO)
NRITE(lO,QOO)dA,dB,SUM
FORMAT (! ',214,025.15)
RETURN
END
SUBRNUT! Mg SOLVER(NOB,NOQB,ISYM)
IMPLICIT REAL*S(A-H,O-Z)
COMMON/INTHIN/GSM(5,5,h,h),GSV(20)
REAL®g MAT(QOO),VEC(ZO)
IDIM=NOB*NORR
JLI=(1SYM=1)»y
FORMAT( //7/)
FORMAT(? ',5020.10)
FORMAT(? 11)
DO 1 uA=1, NoRrg
lCOL=(JA-1)*NOB
DO 1 uB=1, NoB
1COLB=1cOL+gB
lT0=(lCOLB-1)*lDlM
DO 1 uc=1,NnpB
:Row=(uc-1)*woe
DO 1 un=1,NpR
IROWD =1 Row+ gp
MAT(lT0+IROWD)=GSM(JD,JB,JC,JA)
D0 2 ya=1, NoRg
1T0=(yA-1)=NpB
D0 2 yB=1, Ngp
VEC(ITO+JB)=GSV((JA-1)*5+JB)
CALL GAUSS(MAT,VEC,IDIM)
DO 3 JA=1,NORB
ITO=(JA=~1)»5
ITA=(JA-1)%NoB
DD 3 uB=1, Nnp
GSV(ITO+JB)=VEC(ITA+JB)
RETURN
END
SUBROUT| NE GAUSS(MAT,VEC,IDIM)
L ~H,0-2)

ELIMIMATION WITH PIVOTING oF ROWS AND CNLUMNS
REAL=*g MAT(IDIM,IDIM),VEC(IDIM),SOLV(ZO)

lF(lDlM»EQ.I)GOTOZO
Do 1 JA=1,1DIM
EXVE(JA)=JA
IDM1=1pM-]

Do 2 JA=1, IpM1
BMAX=DABS(MAT(JA,JA))
IROW=yp

HINZ
Himz
HINZ
Hinz
HINZ
HINZ
HINZ
Hinz
HINZ
Hinz
Hinz
Hinz
Hinz
HImz
HI Nz
Hinz
HINZ
SoLv
SoLv
SoLv
SnLy
SoLv
SoLy
SoLv
SoLv
SoLv
SoLv
SoLy
SoLv
SoLv
SoLv
SoLyv
SoLv
SoLv
SoLv
SoLv
SoLy
SoLy
SoLv
SoLy
SoLv
SoLv
SoLy
SoLv
SoLv
SoLy
SoLy
SoLv
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
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tcoL=JAa

LOOK FNR LARGEST REMAINING ELFMFNT

NO 3 JB=JA, INIH

DN 3 JC=JA, INIM

| E(DABS(MAT (B, JC)) .LE.BMAX) GNTN3
BMAX =DABS (MAT(JB, JC))

I ROW=JB

1coL=JcC

CONTINUE

EXCHANGE ROWS(1F NECESSARY)

IF(1ROW,EQ.JA)GOTOS5

DO 4 JB=JA,IDIM
EX=MAT(JA, JB)

MAT ( JA, JB) =MAT( IROW, JB)
MAT (1 ROW, JB) =EX
EX=VEC(JA)

VEC( JA) =VEC( IROW)

VEC( IROW) =EX

EXCHANGE COLUMNS AND STORE WHICH HAVE BEEN CHANGED

IF(JA.EQ.1COL)GOTO7

1 EX=EXVE(JA)

EXVE( JA) =EXVE( 1COL)
EXVE( 1COL) =1 EX

po 6 JB=1,IDIM
EX=MAT(JB, JA)
MAT(JB, JA) =MAT(JB, ICOL)
MAT(JB, 1 COL) =EX

ELIMINATE JA-TH COLUMN

1S=JA+1

DN 8 JB=1S,INIM
FAC==MAT( JB, JA) /MAT(JA, JA)

DO 9 JC=JA, IDIM
MAT(JB,JC)=MAT(JA,JC)*FAC+MAT(JB,JC)
VEC(JB)=VEC( JA) *FAC+VEC(JB)

CONTINUE

BACKSUBSTITUTE

SOLV(IDIM)=VEC(ID|M)/MAT(IDIM,IDIM)

LIM=IDIM-1

DO 10 JA=]1,LIM

SUM=VEC( IDIM=-JA)

po 11 JB=1,JA
SUM=SUM-SOLV(IDIM-JB+1)*MAT(ID|M-JA,IDIM-JB+1)
SOLV(|DlM-JA)=SUM/MAT(IDIM-JA,IDIM-JA)

DO 12 JA=1,IDIM

VEC(EXVE(JA)) =SOLV(JA)

C CALCULATE THE NORMALIZED DETERMINANT AND CHECK FOR 1LLCOMDITIONING

14
13

15

20

ALPHA=1.D0

DO 13 JA=1,1DIM
SOLV(JA)=0.D0

DN 14 JB=JA,IDIM
SOLV(JA)=SOLV(JA) +MAT(JA, JB)**2
ALPHA=ALPHA*DSORT(SOLV(JA))
SumM=1.D0

DO 15 JA=1,IDIM
SUM=SUM*MAT(JA, JA)
DET=SUM/ALPHA

IF(DABS(DET) .GT.1.D-5)RETURM
WRITE(6,900)DFT

RETURN

VEC( 1) =VEC(1) /MAT(1, 1)

GAUS
GAUS
tAUS
~AUS
GAUS
GAUS
GAUS
CAUS
GAUS
GAUS
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GAUS
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GAUS
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GAUS
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GAUS
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GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
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GAUS
CAUS
CAUS
GAUS



RETURN GAUS
900 FORMAT(///131('*')/20%,"! THE VALUE OF THE NORM. DETERMIMANT IS GAUS

.',1PD10,1/131("*")) GAUS

END GAUS
SUBROUTINE ENER(ISYM,EXPCOE,FH1,FH2,NOBT, ORB, ENERGY) ENER
IMPLICIT REAL*8(A-H,0-Z) ENER
INTEGER NOBT(3),0RB(3) ENER
COMMON/ENRG/VIRIAL(3,4,2) ENER
COMMON/RENOR/INNO(10),ISTA(3), INNOR(10) ENER
REAL*8 EXPCOE(S,IO),FH1(5,5,H),FH2(5,5,&),R(5,5),ENERG(M),RV(S),ENENER
«ERGY(3,4),RPOT(5),RKIN(5),VKIN(L),VPOT(4) ENER
NORB=0ORB(ISYM) ENER
NOB=NOBT(ISYM) ENER
IST=ISTACISYM) ENER

DO 1 JA=1,NORB ENER
ENERG(JA)=0.D0 ENER
VPOT(JA)=0.D0 ENER
VKIN(JA)=0.D0 ENER

DO 2 JB=1,NOB ENER

DO 2 JC=1,NOB ENER

2 R(JB,JC)=0.5D0%FH2(JB,JC, INNOR(IST+JA) )+FH1(JB, JC, INNORCIST+JA)) ENER
901 FORMAT('0 ENERGY= ',5D20.10/) ENER
c MULTIPLY THE RESULTANT MATRIX BY TH E=-VECTOR ENER
c COMPUTE ALSO THE TERMS CONTRI!BUTING TO THE POTEMTIAL AND KINETIC ENEENER
DO 3 JB=1,N0B ENER
RV(JB)=0.50 ENER
RPOT(JB)=0.D0 ENER
RKIN(JB)=0,D0O ENER

DO 3 JCc=1,NO0B ENER

RKINCJB)=RKIN(JB)+EXPCOE(JC, INNO(CIST+JA))*FH1(JC, B, INNOR(IST+JA))ENER
RPOT(JB)=RPOT(JB)+EXPCOE(JC, INNOCIST+JA))*FH2(JC, B, INNOR(1ST+JA))ENER

3 RV(JB)=RV(JB)+EXPCOE(JC, INNOCIST+JA))*R(JC, JB) ENER
DO 5 JB=1,NOB ENER
VPOT(JA)=VPOT(JA)+RPOT(JB)*EXPCOE(JB, INNOCIST+JA)) ENER
VKINCJA) =VKIN(JA)+RKIN(JB)*EXPCOE(JB, INNOCIST+JA)) ENER

5 ENERG(JA) =ENERG (JA) +RV(JB)*EXPCOE(JB, INNOCIST+JA)) ENER

1 CONTINUE ENER
EN=0.D0O ENER
DO &4 JA=1,NORB ENER
VIRIAL(1SYM,JA,1)=VPOT(JA)*0.5D0 ENER
VIRIAL(ISYM,JA, 2)=VKIN(JA) ENER
ENERGY (1SYM, JA) =ENERG (JA) : ENER

b4 EN=EN+ENERG(JA) ENER
WRITE(8,901)EN, (ENERG(JA), JA=1, NORB) ENER
RETURN ENER
END ENER
SUBROUTI NE EXVAHH(FHH1, FHH2, FHH3, FHHY, EXPCOE, 1SYM,NOBT, ORB, EXHH)  EXHH
IMPLICIT REAL*8(A-H,0-2Z) EXHH
COMMON/RENOR/INNO(10), ISTA(3), INNOR(10) EXHH
REAL*8 FHH1(5,5,4),FHH2(5,5,4),FHH3(5,5,4),FHHL(5,5,4), EXPCOE(S, 10EXHH
«),R(5,5),RV(5),EHH (L) ,EXHH(3,4) EXHH
INTEGER MOBT(3),0RB(3) EXHH
IST=ISTA(CISYM) EXHH
NORB=0ORB(ISYM) EXHH
NOB=NOBT(ISYM) EXHH
DO 1 JA=1,NORB EXHH
JD=INNOR(IST+JA) EXHH
DO 2 JB=1,N0OB EXHH
DO 2 JC=1,NOB EXHH

2 R(JB,JC)=FHH1(JB,JC,JD)+0.SDO*FHHZ(JB,JC,JD)+FHH3(JB,JC,JD)/S.DO+ EXHH
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.O.ZSDD*FHHu(JB,JC,JD) EXHH
EHH(JA)sO. EXHH
L JB=1,NOB EXHH
RV(JB)=0.D EXHH
po b Jc=1,NOB EXHH
RV(JB)sRV(JB) EXPCOE(JC,\NNO(\ST*JA))*R(JC,JB) EXHH
1 JBtl,NO EXHH
EHH(JA)'E +RV(JB)*EXPCOE(JB,INNO(\ST*JA)) EXHH
UL ) EHH(JA) EXHH
gEN2=0. EXHH
po 5 =1, ORB EXHH
ENz-EN2*EHH(JA) ExHd
NR\TE( ’ )EN ,(EHH(JA), =1,NORB) EXHH
FOR ' EV = ! 5p20 0/) EXHH
RETURN EXHH
END EXHH
SUBROUT\N oPT! (ORB,ENERGY,EXHH,“K,METHOD,\OPTl,L\Mu,TAU) opPTl
\MPL\C L*S(A— ’, -1) oPT!\
COMMO IEXPCO 5,10),0RBEXP(15),H(5,5,3),CHARGE,QN,NOBT(B),\SYM%:ﬁ\
.,FDUB
REAL* ENERGY(S,&), HH(B,R), VEC(lO),YVEC(lO),MAT(lO,lO),VEC(lO) oPT!
INTE! ER QN(lS), B, B(3),NOEXV(1S) oPTI
LooP 1 RUNS OVE £ SY ME {E oPT\
READ(S,QOl)NOE (NOEXV(JA JA= NOE) \CHNGE oPT!
FORMAT(ZD\R) oPT!
po 1 JA=1, oPT\
NOEX-NOEXV(JA) oPT\
LOOP 2 RUNS THE BASIS FUNCT\ONS oPT\
lCOND-O oPT!
CALL sCFC C(ORB,ENERGY,EXHH,NK,L\Mu,METHOD,TAU) oPTI
XVAL-ORBE P(NOEX) oPT!
po 3 JC=1,10 oPT!
LOOPS &5 ADD p THE ORBlTAL ENERGIES opT\
EVH-O.DO oPTI
EVHH-O.D opPT!
I Jo=1, oPTI
ENNORSDRB(JD) oPT\
|F(NEWNOR.EQ.0)GOTO& oPT!
po JE-l,NEWNOR oPT!
EVH VH+ENERGY(JD,JE) oPT!
EVHH gvHH+ HH(JD,JE) oPTH
CONT|NUE oPTI
o 10(7, g,10 11),METHOD oPT\
YVAL-E oPT!
GOTOIZ oPT!
YVAL® VHH-EVH*EVH oPT!
GOTOl2 opPT!\
YVAL= HH~2 DO*EVH*NK+NK*NK oPT\
GOTOlZ oPT!
YVAL= (EVH-NK)**Z)I(EVHH-Z.DO*EVH*WK*NK*WK) oPT\
GOTOlZ oPTI
YVAL-((EVH—N )**Z)I(EVHH—EVH*EVH) opT!
\F(lCOND.EQ. 0TO oPT\
CALL CHANGE(XVAL,YVAL,XVEC YVEC,JC,\COND,\CHNGE) oPT!
ORBEXP(NOEX)OXVAL oPT\
CALL REN\ND(Z) opT!
CALL SCFCYC(O ENERGY EXHH,NK,L\M&,METHOD,TAU) oPT!
NR\TE(G,QOO) oPT\
FORMAT ! HE TEN PO\NTS iN oPTIM ARE NOT \NCLUD\NG A M\NtMUM ) opPT!
sTOP oPT\
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YVEC(JC)=aYVAL OPTI

CALL POLYNO(XVEC,YVEC,MAT,VEC,JC) GPTI
ORBEXP(NOEX)=XVEC(1) OPTI
CONTINUE OPT!
CONTINUE OPTI
RETURN OPTI
DEBUG UNIT(Q),SUBCHK,SUBTRACE,INIT(ORBEXP,YVAL,XVAL) OPTI
AT99 OPTI
DISPLAY XVEC,YVEC OPTI
END OPTI
SUBROUTINE SCFCYC(ORB,ENERGY,EXHH,WK,LIMQ,METHOD,TAU) SCFC
IMPLICIT REAL*8 (A-H,0-7) SCFC
COMMON/ALL/EXPCOE(S,lO),ORBEXP(IS),H(S,S,3),CHARGE,QN,NOBT(3),ISYMggEg
..FDUB

INTEGER INTNOZ,QN(IS),FDUB,lNFO(h),ORB(B) SCFC
COMMON/HINZ/S,F,L,NOB,NORB,CLOSED SCFC
COMMON/ONE/FACI(SO),FHHl(S,S,u),FHl(S,S,u),lNTl(SO),LlMl SCFC
COMMON/TWO/Fuz(s,s,u),FHH2(5,5,u),FAcz(loO),Lﬂz(s,s,u,u),LHHz(s,s,scpc
.u,u),INTz(u,loO),INT~02(100),NULL2(100>,L|M2,|NTL|2 SCFC
COMMON/THREE/FACS(ZOO),FHH3(5,5,u),LHHS(S,S,u,Q),lNTS(G,ZOO),INTNOSCFC
.3(3,100),LIM3,INTLIS,NULLS SCFC
REAL*3 F(s,s,u),LH2,Luuz,scs,5,3),HH(5,5,3),L(5,5,u,u),OENER(s,u),SCFc
.LHH;,LHHu(s,s,u,u),FHH3,FHHu(5,5,u),EXHH(s,u),ENERGY(s,a) SCFC
LOGICAL NULL2 SCFC
WRITE(ll,801)LlM3,LIMu,METHOD SCFC
FORMAT(' L3,L4,METHOD= ',314) SCFC
CALL ONEINT(HH,S) SCFC
INTLI2=0 SCFC
INTLI3=0 SCFC
DO 10 uA=1,3 SCFC
| F(ORB(JA).EQ.0)G0TO10 SCFC
CALL RENORM(NOBT(JA),ORB(JA),JA,EXPCOE,S) SCFC
CONTINUE SCFC
DO 20 ITER=1,10 SCFC
LIMDI3=0 SCFC
LIMDI4=p SCF¢
COMPL=0,DO SCFC
WRITE(8,900) ITER SCFC
DO 21 ISYM=1,3 SCFC
NORB=ORB(1SYM) SCFC
NOB=NOBT(1SYM) SCFC
I F(NORB.EQ.0)G0T021 SCFC
DO 30 JA=1,NOB SCFC
DO 30 yB=1,NoB SCFC
DO 30 uc=1,4 SCFC
FH1(JA,JB, JC)=0.po SCFC
FHH1(JA,JB,JC)=0. Do SCFC
FH2(JA,JB,JC)=0. Do SCFC
FHH2(JA,JB,JC) =0, Do SCFC
FHH3(JA,JB,JC)=0.po SCFC
FHHL(JA,UB,JC) =0, Do SCFC
DO 30 JD=1,4 SCFC
LH2(JA, JB,JC,uD) =0. pg SCFC
LHHZ(JA,JB,JC,JD)-O.DO SCFC
LHH3(JA,JB,JC,JD) =0, Do SCFC
LHH4 (A, JB,uC, D) =0. Do SCFC
CALL ONEEL(NOB, ISYM,H, HH) SCFC
CALL TIME(1,1) SCFC
CALL TWOELE SCFC

IF(METHOD.EQ.I.OR.LIM3.EQ.O)GOTOBI SCFC
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100
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900
901

CALL THREEL(LIMDI13,NORB,NOB)
1F(LIML4L.EQ.0)GOTO31
CALL FOUREL(NORB,NOB,LIMDI4)

SCFC
SCFC
SCFC

CALL COMBIN(METHOD,ISYM,ORB,NOBT,FHI,FHH1,FH2,FHH2,FHH3,FHHM,LH2,LSCFC

«HH2Z, LHH3, LHH4, WK, EXPCOE , ENERGY, EXHH, TAU)

CALL HINZE(EXPCOE, !1SYM,ORB,COMPL)
WRITE(8,902)COMPL

FORMAT('0 COMPL= ',1PD38.1)

CALL RENORM(NOB,NORB, 1SYM,EXPCOE,S)

CALL ENER(ISYM,6EXPCOE, FH1,FH2,NOBT,OR8, ENERGY)

CALL EXVAHH(FHHI,FHHZ,FHH3,FHHh,EXPCOE,ISYM,NOBT,ORB,EXHH)

CALL OUTO1(EXPCOE,NOB,NORB, ISYM)
CONTINUE

SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
SCFC

CALL OUTPUT(EXPCOE,ORBEXP,EXHH,ENERGY,WK,COMPL,ORB,NOBT,METHOD,ITESCFC

.R,QN, 1COMPL, CHARGE)
IF(COMPL.LT.1.D-10)RETURN

CALL CNVRGC(EXPCOE, ITER,NOBT,ORB,&23)
CALL AITKEN(EXPCOE, ITER,NOBT,ORB)
CALL REWIND(3)

RETURN

WRITE(6,901)

STOP

RETURN

FORMAT(///' ITERATION NO. ',13)
FORMAT(' LOGIOU HAS WRONG RETURN')
DEBUG UNIT(9),INIT(COMPL),SUBCHK, SUBTRACE
END

SUBROUTINE CHANGE(XVAL, YVAL, XVEC, YVEC, NOM, JCOND
REAL*8 DELTA, XVAL,YVAL,XVEC(10),YVEC(10)
JCOND=0

XVEC(NOM) =XVAL

YVEC(NOM) =YVAL

IF(NOM=-2)1,2,3
DELTA=XVAL/DFLOAT( I CHNGE)
XVAL=XVAL+DELTA

RETURN

DELTA=DELTA+DELTA

XVAL=XVAL+DELTA
IFCYVEC(2).LT.YVEC(1))RETURN
DELTA=~5,D=-1+DELTA
XVAL=XVEC(1)+DELTA

RETURN

IF(NOM.GT.3)GOTOL
IFCYVEC(3).LT.YVEC(1))GOTOS5
DELTA=~5,D-1+DELTA

1COND=1

XVAL=XVAL+DELTA

RETURN

DELTA=DELTA+DELTA

XVAL=XVAL+DELTA

1COND=0Q

RETURN

IFCICOND.EQ.0)GOTO6
XVAL=XVAL+1,.5D0«DELTA
XVEC(NOM+1)=XVAL

JCOND=1

RETURN

IFCYVEC(NOM) .LT.YVEC(NOM-1))GOTO7
ICOND=1

DELTA=-5,D-1+DELTA

» | CHNGE)

SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
SCFC
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG
CHNG

]
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XVAL=XVAL+DELTA CHNG

RETURN CHNG
DELTA=DELTA+DELTA CHNG
XVAL=XVAL+DELTA CHNG
RETURN CHNG
DEBUG UNIT(9),SUBCHK CHNG
END CHNG
SUBROUTINE POLYNO(XVEC,YVEC,MAT,VEC,NOPOI) POLY
IMPLICIT REAL*8(A-H,0-Z) POLY
REAL*8 XVEC(10),YVEC(10),MAT(NOPO! ,NOPOI),VEC(NOPO1),XP(3),XPP(3) POLY
OBTAIN THE COEFFICIENTS OF THE APPROXIMATING POLYNOMIAL POLY
XNEW=XVEC(1) POLY
EX=YVEC(1) POLY
DO 6 JA=2,NOPO! POLY
IF(EX.LT.YVEC(JA))GOTOG POLY
EX=YVEC(JA) POLY
XNEW=XVEC(JA) POLY
CONTINUE POLY
LIM1=NOPOI~-1 POLY
LIM2=NOPOI -2 POLY
DO 1 JA=1,NOPOI POLY
VEC(JA)=YVEC(JA) POLY
MAT(JA,1)=1 POLY
DO 1 JB=1,LIM1 POLY
MAT(JA,JB+1)=XVEC(JA)*+JB POLY
CALL GAUSS(MAT,VEC,NOPOI) POLY
DIFFERENTIATE THE APPROX!MATING POLYNOMIAL POLY
DO 2 JA=1,LIM1 POLY
XP(JA)=VEC(JA+1)*JA POLY
SOLVE FOR THE ZERO BY NEWTONS METHOD POLY
1: FORM THE DERIVATIVE POLY
6O 3 JA=1,LIM2 POLY
XPP(JA)=XP(JA+1)*JA POLY
2: EVALUATE FX AND FPX POLY
CONTINUE POLY
XOLD=XNEW POLY
FX=0.D0 POLY
FPX=0.D0 POLY
DO 5 JA=1,LIM2 POLY
FX=FX*XOLD+XP(NOPOI|-JA) POLY
FPX=FPX*#XOLD+XPP(LIM1=-JA) POLY
FX=FX#XOLD+XP(1) POLY
DELTA=FX/FPX POLY
XNEW=XOLD-DELTA POLY
IF(1.D9.LT.DABS(DELTA) ) XNEW=X0OLD+1.D0 POLY
IF(1.D-6.LT.DABS(XOLD=-XNEW))GOTOL POLY
XVEC(1)=XNEW POLY
RETURN POLY
DEBUG UNIT(9),SUBTRACE,SUBCHK, INIT(XNEW) POLY
AT 999 POLY
DISPLAY XP,XPP POLY
END POLY
SUBROUTINE OUTPUT(EXPCOE,ORBEXP,EXHH, ENERGY, WK, COMPL,ORB,NOBT, METHOUT2
.0D,ITER,QN, | COMPL, CHARGE) ’ ouT2
IMPLICIT REAL*8(A-H,0-2) ouT2
COMMON/RENOR/INNO(10), 1STA(3), INNOR(10) ouT2
COMMON/ENRG/VIRI1AL(3,4,2) ouT2
REAL#*8 EXPCOE(5,10),0RBEXP(15),EXHH(3,4) ,ENERGY(3,4),VEC(5) ouT2
REAL*8 PROPM(3,4,3),PROSUM(3),CUSP(3,4) ouT2

INTEGER ORB(3),NOBT(3),HEADI(3)/' S ',' P ','' D '/,BLANK/' 'ouT2
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WRITE(G,QZI)ITER
NORBT-ORB(1)+ORB(2)+0RB(3)

Loor 20 COMPUTES THE CUSP FOR EACH ORBITAL
T

DO 20 yA=1,NORB
lSYP-1+lNNO(JA)/5+INNO(JA)/9-INNO(JA)/IO
NOB=NOBT(SYp)

1ST=(1SYP=1)w5

SUMNUM=0, Do

SUMDEN=0, Do

DO 21 uB=1,NoB

IF(QN(IST+JB).NE.ISYP+1)GOT022
ENMI'ENMI(ISYP+1,ISYP,lSYP,ORBEXP(IST+JB))
SUMNUMHSUMNUM*EXPCOE(JB,lNNO(JA))*ENMl

GOTOo21

IF(QN(IST*JB).NE.ISYP)GOTOZI
ENMZBENMI(ISYP,ISYP-I,ISYP-I,ORBEXP(JB+IST))
SUMNUM'SUMNUM-ORBEXP(JB+lST)*EXPCOE(JB,lNNO(JA))*ENMZ
SUMDEN-SUMDEN*EXPCOE(JB,INNO(JA))*ENMZ
CONTINUE

JX-INNO(JA)-(ISYP-I)*M

CUSP(ISYP,JX)'99999.99D0
lF(SUMDEN.NE.O.DO)CUSP(ISYP,JX)-SUMNUM/SUMDEN
CONTINUE

THE TOTAL ENERGY AND TOTAL EXHH IS COMPUTED

CALL PR RTS(EXPCOE,ORB,NOBT,ITER,PROSUM,PROPM)
VIRN=0,D0

VIRD=0,D0

TOTEN=0, Do

TOTEHH=0, Do

DO 1 uA=1,3

LIM=0RB(JA)

lF(LlM.EQ.O)GOTOl

DO 2 yB=1,LIM

VIRN-VIRN*VIRIAL(JA,JB,1)
VlRD‘VlRD+VlRIAL(JA,JB,2)
TOTEN-TOTEN*ENERGY(JA,JB)
TOTEHH'TOTEHH*EXHH(JA,JB)

CONTINUE
VlRlAT-(VlRN-CHARGE*PROSUM(I))/(VlRD*CHARGE*PROSUM(I))
EPS!LO-(WK-TOTEN)
DELTAS-TOTEHH*WK*WK-Z.DO*TOTEN*NK
DELTA-TOTEHH-TOTEN'TOTEN

ouT2
WRITE(G,QOM)COMPL,TOTEN,TOTEHH,WK,EPSILO,DELTA,DELTAS,(PROSUM(JC),OUTZ
T

WRITE(6,905)
bo 3 JA=1,3
LIM=0RB(uA)
IF(LIM.EQ.O)GOT03

-

. "5P~ out2

OR'

4

ouT2
ouT2
ouT2
0UT2
ouT2
ouT2
0uT2
ouT2
0uT2
ouT2
0uT2
ouT2
ouT2
ouT2
0uT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
0UT2
ouT2
ouT2
ouT2
ouT2
ouT2
0UT2
ouT2
ouT2
ouT2
ouT2
0ouT2
ouT2
0uT2
0uT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2

‘0uUT2
ouT2
ouT2
ouT2
ouT2
ouT?2
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13

IST=ISTA(JA)

DO 4 JB=1,LIM

IXP=INNOCIST+yB)

IORB=|XP=(JA~-1)*4

IC=HEAD2(1XP)
WRITE(G,QOG)lC,ENERGY(JA,JB),EXHH(JA,JB),(PROPM(JA,
+),CUSP(JA, IORB)

CONTINUE

THE BASISFUNCTIONS AND VECTORS ARE WRITTEN OUT

DO 5 JA=1,32
LINE1(JA)=BLANK
LINE2(JA)=BLANK

LOOP 6 SETS UP THE HEADINGS

1S=0
DO 6 UA=1,3

LIM=0RB(JA)

IF(LIM.EQ.0)GOTO6

IST=1STA(JA)

1S=1S5+3

LINE1(1S)=HEAD1(JA)

DO 7 JB=1,3

LINE2(1S-2+UB) =HEAD3(JB)

DO 8 uB=1,LIM

1S=1S5+3
LlNEl(IS)=HEADZ(INNO(IST+JB))
LINE2(1S-1)=HEAD4(1)
LINE2(1S)=HEADL(2)
LINE2(1S+1)=HEADL(3)

CONTINUE

WRITE(6,922)
WRITE(B,907)(LINE1(JA),JA-1,32)
WRITE(6,907)(LINEZ(JA),JA=1,32)
MAX=0

DO 9 JA=1,3
MAX=MAX0(NOBT(JA),MAX)

1S11=0

1S12=0

IF(ORB(1).NE.0)ISI1=1
IF(ORB(Z).NE.O)lSl2=lSl1+1
IBLAN1=IS|1#16+0RB(1)*12
lBLANZIISI2*16+ORB(2)*12+IBLANl
DO 10 JA=1,MAX

DO 11 uB=31,3

LIM=0RB(uJB)

IF(LIM.EQ.0)GOTO11

IST=ISTA(UB)
IF(JA.GT.NOBT(JUB))GOTO11
1S=(JB~1)*5

IQN1=QN(IS+JA)
VEC(1)=ORBEXP(1S+JA)

DO 12 JC=1,LiM
VEC(JC+1)'EXPCOE(JA,INNO(IST+JC))
LIM1=aLIM+1

IF(JB.GT.1)GOTO13
WRITE(S,908)lQNl,(VEC(JC),JC-l,LIMI)
GOTO11

IBLAN=IBLAN1

IF(JB.EQ.3) IBLAN=IBLAN2
lF(IBLAN.EQ.ZB)WRITE(G,QOQ)lQNl,(VEC(JC),JC'I,LIMI)
IF(IBLAN.EQ.kO)NRITE(G,QlO)IQNI,(VEC(JC),JC-I,LIMI)

ouT2
ouUT2
ouT2
ouT2
ouT2
I0RB,JC),JdC=1,30UT2
0ouT2
ouT2
ouT2
0uUT2
ouT2
ouT2
ouT2
ouT2
ouT2
0UT2
ouT2
0uUT2
ouT2
ouT2
0uT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouUT2
ouUT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
oUT2
0uT2
0UT2
ouT2
ouT2
oUT2
0UT2
ouUT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
ouT2
0uT2
ouT2
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900
901
902
903
904

906
905

907
808
909
910
911
912
913
914
915
916
917
918

919
920
921
922
923

1

1F(IBLAN.EQ.52)WRITE(6,911)1QN1, (VEC(JC),JC=1,LIM1) ouT2
IFCIBLAN.EQ.B64)WRITE(6,912)1QN1, (VEC(JC),JC=1,LIM1) ouT2
IF(IBLAN.EQ.56)WRITE(6,913)1QN1, (VEC(JC),JdC=1,LiM1) ouT2
IF(IBLAN.EQ.68)WRITE(6,914)1QN1, (VEC(JC),JC=1,LIM1) ouT2
IF(IBLAN.EQ.80)WRITE(6,915) 1QN1, (VEC(JC),JC=1,LIM1) ouT2
IF(1BLAN.EQ.92)WRITE(6,916)1QN1, (VEC(JC),JC=1,LIM1) ouT2
IFCIBLAN.EQ.104)WRITE(6,917)1QN1, (VEC(JC),JdC=1,LIML) 0uT2
IF(!BLAN.LE.104)GOTO11 ouT2
WRITE(6,918) ouT2
STOP ouT2
CONTINUE ouT2
CONTINUE ouT2
RETURN ouT2
FORMAT(//19X,' <H>=MINIMIZATION') ouT2
FORMAT(//19X,"' <(H=E)**2>-~MINIMIZATION") ouT2
FORMAT(//19X,' <(H=WK)#*#2>-MINIMIZATION') ouT2
FORMAT(//20X, ' CH=WK>##2/<(H=WK) **2>-MINIMIZATION') ouT2

FORMAT(//ZOX,'COMPLETION',8X,1PD20.2/20X,'<H>',15X,0PF20.10/20X,'<0UT2
.H**2)',12X,F20.10/20X.'WK',ISX,FIS.S/ZOX,'EPSILON',11X,F20.10/20X,0UT2
.'DELTA',ISX,FZO.IO/ZOX,'DELTA-TILDE',7X,F20.10/20X,'(1/R>',13X,F200UT2
..10/20X,'<R>',15X,F20.10/20X,'(R**Z)',IZX,FZO.IOIZOX,'VIRIAL-THM',OUTZ

.8X,F20.10//) ouT2
FORMAT(/4X,A3, 'ORBITAL',7(1X,F14.9)) ouT2
FORMAT(21X, "<H>', 11X, "<H#*#2>',10X, *<1/R>",9X, '<R>', 11X, "<R##2>',100UT2

.X,'CUSP') oUT2
FORMAT(32A4) ouT2
FORMAT(5X,12,F7,3,F12.8,3F12.8) ouT2
FORMAT('+',28X,12,F7.3,F12.8,3F12.8) ouUT2
FORMAT('+',40X,12,F7.3,F12.8,3F12.8) 0ouT2
FORMAT('+',52X,12,F7.3,F12,.8,3F12.8) ouT2
FORMAT('+',64X,12,F7.3,F12.8,3F12.8) ouT2
FORMAT('+',56X,12,F7,.3,F12.8,3F12.8) ouT2
FORMAT('+',68X,12,F7.3,F12.8,3F12.8) oUT2
FORMAT('+',80X,12,F7.3,F12,8,3F12.8) ouT2
FORMAT('+',92X,12,F7.3,F12.8,3F12.8) ouUT2
FORMAT('+',104X,12,F7.3,F12.8,3F12.8) 0OUT2
FOBMAT(' THE LENGTH OF THE LINE IN OUTPUT HAS BEEN EXCEEDED.ERROOUT?2
.R.") 0UT2
FORMAT(20A4) ouT2
FORMAT('1'//20X,20A4/) oUT2
FORMAT(//20X, 'THE RESULTS AFTER THE',13,'. ITERATION ARE:') ouUT2
FORMAT(///) QUT2
FORMAT(//19X,"' <H=WK>##2/<(H=-E)#**2>=MINIMIZATION') 0UT2
END oUT2
SUBROUTINE SPLIT2(NOBT,ISY1B, I1SY2B) SPLI
COMMON/SPLI1/11,12,91,J2,K1,K2,L1,L2,LIMI,LIMJ, LIMK, LIML,JMI,JMJ, JSPLI
.MK,JML, 1EXP, JEXP,KEXP, LEXP SPLI
COMMON/SYM/IDAR(8,10) SPLI
INTEGER NOBT(3),1S1(4),152(4),1S3(8) SPLI
EQUIVALENCE(IDAR(3),1S1(1)), (IDAR(13),152(1)) SPLI
EQUIVALENCE(11,183(1)),(12,183(2)),(J1,153(3)),(J2,153(k)), (K1, IS3SPLI

«(5)),(K2,183(6)),(L1,183(7)),(L2,1S3(8)) SPLI
IJIN1CI,J)=MINOCT,J)+MAXO(T,d) *(MAXOCI ,J)=1)/2 SPLI
DO 1 JA=1,8 SPLI
IDAR(CJA,3)=1S3(JA) SPLI
CALL SYMASI(1,11,LIMI,L1B,M1B,JMI, NOBT,ISY1B) SPLI
1EXP=(1SY1B-1)*4+JM| SPLI
CALL SYMASI(1,J1,LIMJ,L2B,M2B,JMJ,NOBT, ISY2B) SPLI
JEXP=(1SY2B=1)*4+JMJ SPLI

CALL IDNOM(11,12,J1,J2,151) SPLI



10
11
12

13
14

CALL SYMASZ(NOBT,#,ISB)

RETURN

ENTRY SPLIT3(IND,NOBT,ISY18

DO 2 yap 1,8

lDAR(JA,Q)-lS3(JA)

CALL SYMAS| (1,
IEXP=(ISYIB-1)
CALL SYMASI(I,
JEXPﬂ(lSYZB-l)

*

Ji,LIMy
*4+JMy

CALL SYMASI(I,KI,L!MK,LSB

KEXP=(ISY3B~1)*#¢JMK

IF(IND.EQ.O)RETURN
lZ,dl,JZ,lSI)
K2,1,1,l$2)
BT,6,153)
BT, 6)

ENTRY SPLIT#(IND,NOBT,ISY

CALL IDNOM(II,
CALL IDNOM(KI,
CALL SYMAS2(NO
CALL SYMAS3(No
RETURN

Do 3 JA=]1,3

IDAR(JA,9)=IS3(JA)

CALL SYMASI(I,I:,L
lEXPB(lSYlB~1)*h+d
CALL SYMASI(I,JI,LIMJ
JEXP!(ISYZB~1)*4+JMJ
CALL SYMASI(I,KI,LIMK
I wl+ymk

KEXP'(ISY38-1
CALL SYMASI(I,
LEXP-(ISYQB-I)
IF(IND.EQ.O)RE

INTEGER NOBT(3

IF(INDEX.EQ‘Z)GOTOIS
GO TO(10,11,10,10,10,12,11,11,11,10,10,10,10,10,13,12,12,12,11,11,

.11,11,11),]
JM

I1SY=]
LIM'NOBT(I)
L=0

ML=g
RETURN
1SY=2
LIM'NOBT(Z)
L=3

Mlu-g
RETURN
ISY=2

Li,LimL,

*hegmL

TURN

0M(l1,l2,d1
(K1

’

,L3B

,ISYZB,ISYiB)

ll,LlMl,LlB,MlB,dMl,NOBT,lSYIB)
+JM|
,LZB,MZB,JMJ,NOBT,ISYZB)

,M3B,JMK,NOBT,ISYSB)

lB,lSYZB,ISY3B,lSYQB)

lMl,LlB,MlB,JMl,NOBT,lSYlB)
M
,LZB,MZB,JMJ,NOBT,ISYZB)

,M3B,JMK,NOBT,ISY38)
LhB,MuB,JML,NOBT,lSYhB)



(s X2}

c

WOO M

LIM=NOBT(2)
L=1
ML=0
RETURN
1SY=2
LIM=NOBT(2)
L=1
ML=l
6YUBN
I1M=NOBT(3)
L=2
ML==2
RETURN
ISY=3
LIM=NOBT(3)
L=2
Ml==1
RETURN
1SY=3
LIM=NOBT(3)
L=2
ML=0
RETURN
1SY=3
LIM=NOBT(3)
L=2
ML=1
RETURN
1SY=3
LIM=NOBT(3)
L=2
ML=2
RETURN
END
FUNCTION SYMCHE(QN)
INTEGER SYMCHE,QN
SYMCHE=2
IF(QN.LE.2.0R.QN.EQ.6.0R.QN.EQ.15)SYMCHE=1
IFC(IABS(QN-12).LE.2,0R. IABS(QN=21) ,LE.2) SYMCHE=3
RETURN
END
SUBROUTINE SYMAS2(NOBT,LDOG, I1S3)
INTEGER 1DX(4),NOBT(3),1M(2,6)/1,3,1,5,1,7,3,5,3,7,5,7/
INTEGER 1S3(8),1S4(8)

IDAR CONTAINS IN ITS SECOND COLUMN THE SYMETRIES
TO WHICH 12,11,ETC. BELONG

COMMON/SYM/IDAR(8,10)

TINCL,J)=1+(Jw(J~-1))/2
LUNL1CT,Jd)=MINOCT,J)+(MAXO(I,Jd)*(MAXO(!,J)=1))/2
LDO1=LDO6~1

LDO4=LD0O6~-3

A SYMMETRIC INDEX FOR EACH ELECTRON IS COMPUTED

THE

DO 1 JA=1,LDO6,2

IDAR(JA, 1) =JA

IDAR(JA+1,1)=JA+1

IDARCJA,3) =1 JN1(I1DAR(UA, 2), IDAR(JA+1,2))

ID'S OF THE INTEGRALS ARE SORTED
1X=0

SYAl
SYAl1
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYAl
SYCH
SYCH
SYCH
SYCH
SYCH
SYCH
SYCH
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2



DO & JA-l,LDOh,Z SYA2
lF(\DAR(JA,3).LE.IDAR(JA+2,3))GOT0u SYA2
IX=1 SYA2
po 5 JB=1,3 SYA2
05 Jc=1,2 SYA2
lEXleAR(JA+Jc-1,JB) SYA2
|DAR(JA+JC-1,JB)=lDAR(JA+JC+1,JB) SYA2

5 lDAR(JA+JC+1,JB)-IEX SYA2
011 Jc=1,2 SYA2
lEx-lDAR(JA+Jc-1,9) SYA2
lDAR(JA#JC-1,9)=|DAR(JA+JC+1,9) SYA2

1 lDAR(JA+JC+1,9)=!EX SYA?2
b CONTINUE SYA2
lF(lx.EQ.l)GOTOS SYA2

c THE ELECTRONS ARE RESORTED s.T. OF TWO ELECTRONS wiTH EQUAL 1.D. SYA2
C IN lDAR(*,S)THE ONE WITH THE SMALLER STARTING# 1S FIRST SYA2
30 1X=0 SYA2
0o 2 dA-l,LDOh,Z SYA2
lF(IDAR(JA,S).NE.IDAR(JA+2,3))GOT02 SYA2
lF(lDAR(JA,Z).LE.IDAR(JA+2,2))GOT02 SYA2

1 X=1 SYA2

po 31 Jg=1,3 SYA2

0 31 Jc=1,2 SYA2
|EX-|DAR(JA+JC-1,JB) SYA2
lDAR(JA+Jc-1,JB)-IDAR(JA+Jc+1,JB) SYA2

31 |DAR(JA+Jc+1,JB)-lEx SYA2
po 32 Jc=1,2 SYA2
lEx-IDAR(JA+JC-1,9) SYA2
|DAR(JA#Jc-l,Q)-lDAR(JA#JC+1,9) SYA2

32 |DAR(JA+JC+1,9)-IEX SYA2
2 CONTINUE SYA2
|F(|X.EQ.1)GOT030 SYA2

c AN 1D FOR THE ORBITALS 1S COMPUTED SYA2
1S=1 23-2...2P-5 3p=6,..3D0=8 4D=9 SYA2

120 po 121 JA=1,LD06 SYA2
po 121 JB=1,2 SYA2
lF(JB.EQ.l)|S|G-lDAR(JA,9) SYA2
lF(JB.EQ.z)ISlG-ISS(JA) SYA2

GO T0(13,1&,17,17,17,15,18,18,18,20,20,20,20,20,16,19,19,19,21,21,SYA2
.21,21,21),|S|G SYA2

13 1DA=1 SYA2
GOTO12 SYA2

p 1DA=2 SYA2
GOTO012 SYA2

15 1DA=3 SYA2
GOTO12 SYA2

16 1DA=L SYA2
@oTO12 SYA2

17 1DA=5 SYA2
G0TO12 SYA2

18 I1DA=6 SYA2
G0TO12 SYA2

19 1DA=7 SYA2
GOTO12 SYA2

20 | DA=8 SYA2
G0TO12 SYA2

21 1 DA=9 SYA2
1 IF(JB.EQ.l)!DAR(JA,10)=IDA SYA2
121 lF(JB.EQ.Z)!Su(JA)-IDA SYA2

c THE PARTNER FOR EACH

BRA 1S FOUND

SYA2



1Y=9

200 DO 210 JA=1,LD06,2
1F(1S3(JA) .NE.1S3(JA+1))GOTO210
DO 211 IA=1,LD06,2
1FEC(1S3(JA) .NE.IDAR(IA,1Y))GOTO211
IFC(1S3(JA+1) . NE. IDARCIA+1,1Y))GOTO211
IDAR( 1A, 1Y)=0
IDAR(1A+1,1Y)=0
IDAR(I1A,1)=JA
IDAR(1A+1,1)=JA+1
GOT0210

211 CONTINUE

210 CONTINUE

C LOOP 220 CHECKS IF THE INTEGRAL IS OF THE EXCHANGED KIND
1SUM=0
DO 220 JA=1,LDO6

220 1SUM=} SUM+ 1DAR(JA, 1Y)
1F(ISUM.EQ. O)RETURN

c THE LOOPS 230 HANDLE TWO-CYCLE EXCHANGE
DO 230 JA=1,LDO6,2
1F(1S3(JA) .EQ.1S3(JA+1))GOTO230
DO 231 IA=1,LDO6,2
1FCIS3(JA) .NE. IDAR(CIA,1Y))GOTO231
IF(1S3(JA+1)  NE.!DAR(C1A+1,1Y))GOTO231
DO 232 1B=1,LD06,2
IF(1S3(JA) .NE. IDAR(1B+1,1Y))G0TO0232
1F(1S3(JA+1) .NE.IDARCIB,1Y))GOTO232
JLIMaJA+2
IF(JLIM.GT.LDO6)GOTO230
DO 233 JB=JLIM,LDOG6,2
IF(1S3(JB) .NE.1S3(JA+1))GOTO233
1FCIS3(JB+1) .NE.1S3(JA))GOTO233
IDAR(IA, 1Y) =0
IDAR(1A+1,1Y)=0
IDAR(IB,1Y)=0
IDARCIB+1,1Y)=0
IDAR(1A,1)=JA
IDAR(1A+1,1)=JB+1
IDAR(1B,1)=JB
IDAR(1B+1,1)=JA+1
GOT0230

233 CONTINUE
GOT0230

232 CONTINUE
GOT0230

231 CONTINUE

230 CONTINUE

c LOOPlého gHECKS IF THE INTEGRAL CONTAINS TRIPLE OR QUADRUPLE EXCHANGE

UM=

DO 240 JA=1,LDO6

240 1SUM=1SUM+1DAR(JA, 1Y)
1F(1SUM,EQ.0)RETURN

C LOOPS 250 HANDLE THE THREE&FOUR-CYCLE EXCHANGE
DO 250 JA=1,LDO6G,2
IF(1S3(JA) .EQ.1S3(JA+1))GOTO250
IRE=0

252 DO 251 lA=1,LDO06,2
IFC1S3(JA) .NE. IDARCIA+IRE, 1Y) )GOTO251
IDAR(IA+IRE, 1Y)=0
I1DAR(I1A+IRE, 1) =JA+IRE

SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2



251
250

260

262

261

900

90

-

c

D-‘F'UIN

|RE=1RE+1
lF(lRE.EQ.Z)GOTOZSO
GOT0252
CONTINUE
CONTINUE
Loop 260 CHECKS IF ALL ORBITAL HAVE AGREED {N THREE QN'S
1SUM=0
po 260 JA=1,LD06
lSUMﬂlSUM+|DAR(JA,IY)
|F(|SUM.EQ.0)RETURN
lF(lY.EQ.lO)GOTOZGl
1Y=10
po 262 JA=1,LD06
|S§(JA)=|S“(JA)
G0T0200
NRlTE(S,QOO)(ISS(JA),JAﬂl,LDOG)
NR|TE(6,901)((lDAR(JA,JB),JB-l,lO),JA'l,LDOG)
STOP
FORMAT(SS(' *‘)/hOX,'ERROR IN lNTEGRALSORTlNG'/GS(' «t)//u(3%,

)
FORMAT(' v,1014)
ENTRY SYMAS3(NOBT,LDOS)
THE VALUES LlMlB,LlB,ETC. ARE COMPUTED
6 JA=1,LD06

SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYAZ
SYA2
SYA2
SYA2
SYA2

213)SYAZ
SYA2Z
SYAZ
SYA2
SYAZ
SYA2

CALL SYMAS\(Z,!DAR(JA,Z),lDAR(JA,h),lDAR(JA,S),IDAR(JA,B),JM,NOBT,Z‘?%

.IDAR(JA,7))

|F(LDOS-6)8,9,10

0 7 JA=1,6
lDAR(JA,S)-lJNl(lDAR(IM(1,JA),3),lDAR(|M(2,JA),3))
RETURN

lDAR(l,%)-\JN(IDAR(l,S),|DAR(3,3))

RETURN
IDAR(Z,S)-\JNl(lDAR(S,S),IDAR(S,S))
lDAR(k,S)‘lJNl(lDAR(I,B),IDAR(5,3))
lDAR(G,S)-lJNl(|DAR(1,3),lDAR(S,B))
RETURN

END

SUBROUTINE |DNOM(|A,IB,JA,JB,|S)

INTEGER lS(h),SYMCHE,\V(h)

1V(1)=1A

1v(2)=18

1V(3)=JA

Iv(u)=JB

po 1 Jl=1,t

|F(SYMCHE(lV(Jl))-Z)Z,S,k

1s(ui)=1

GOTOl
|S(Jl)-lV(Jl)-u*(|V(d1)/7)+(lV(Jl)/lG)-l
G0T01
|S(Jl)-lV(Jl)-S*(lV(Jl)IS)-h*(IV(JI)/19)
CONTINUE

RETURN

END

SUBROUTINE SYM3“(NOBT,L0|,LOJ,LOK,LOL,ISYM,*,LlMIT)
INTEGER lSV(b),NOBT(3),IV(S),IVM(k)

LOGICAL LC(“),LOI,LOJ,LOK,LOL,LOG
COMMON/SYM/\DAR(8,10)

SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
SYA2
1DNO
1DNO
1 DNO
1 DNO
1 DNO
| DNO
10NO
1 DNO
1 DNO
1 DNO
1 DNO
1DNO
1DNO
1DNO
1 DNO
1 DNO
SYA3
SYA3
SYA3
SYA3

COMMON/SPLIlIll,|2,J1,J2,K1,K2,L1,L2,LIMI,LIMJ,LIMK,LIML,JMl,JMJ,JSYA3

.MK,JML,|EXP,JEXP,KEXP,LEXP
EQU|VALENCE(|V(1),|1),(|VM(1),JM|)

SYA3
SYA3

/M
|



11

10

LOG=.FaALSE,

lF(LIMIT.EQ.h)CALL SPLITQ(O,NOBT,ISV(I)
IF(LIMIT.EQ.3?CALL SPLITS(O,NOBT,ISV(I)
IMIT

DO 1 ua=1,
LC(JA)=ISV(JA).EQ.ISYM
LOGﬂLOG.OR.LC(JA)
lF(.NOT.LOG)RETURNI
IX=0

DO 2 JA=2, 1 I1MIT
IF(LC(JA))GOTOZ
IF(.NOT.LC(JA-I))GOTOZ
IX=1

LOG=LC(yA-1)
LC(JA-l)=LC(JA)

LC(yA) =L0g
lEXﬂlV(dA*dA-Z)
lV(JA+JA-2)=lV(JA+JA)
IV(JA+JA)=IEX
IEX=IV(JA+JA~3)
lV(dA+dA~3)=IV(JA+JA°1)
IV(JA+JA-1)=IEX
CONTINUE
lF(lX.EQ.l)GOTOIl

IF(LIMIT.EQ.Q)CALL SPLIT#(O,NOBT,!SV(I)
IF(LIMIT.EQ.S)CALL SPL(T3(O,NOBT,ISV(1)
IMIT

DO 4 JAal, L
LC(JA)'ISV(JA).EQ.ISYM
LOG=, FALSE,

08 JA=2, LiM)T
LOG-LOG.OR.LC(JA-I)
lF(.NOT.LOG)GOTO7
LUP=L Ml T-1
IS=Lyp
DO 9 yaA=1, yp
lF(LC(LlMlT-JA))lS=LlMlT-JA
IF(LC(I))IS=1
IX=0

DO 6 JA=iS, Lyp
lF(lVM(JA).LE.lVM(dA*l))GOTOG
1X=a]

IEX=1vM(ya)
lVM(JA)‘lVM(JA*l)
lVM(JA+1)=lEX
lEX-lV(JA*dA-I)
lV(dA+dA-1)'lV(JA*dA+1)
lV(dA*JA*l)'IEX
lEX'lV(dA+JA)
IV(JA+JA)-IV(JA*JA+2)
lV(JA*JA*Z)HlEX
CONTINUE
IF(IX.EQ.I)GOTOS
IF(LIMIT.EQ.S)GOTOIO

CALL SPLIT#(I,NOBT,ISI,ISZ,ISS,ISQ)
M

LOlﬂlSI.EQ.lSY
LOJ-ISZ.EQ.ISYM
LOK‘IS3.EQ.ISYM

LOL-IS#.EQ.ISYM
RETURN

CALL SPLIT3(1,NOBT,ISI,ISZ,lS3)

LOI=ISI.EQ.ISYM

,ISV(Z),ISV(3),
,ISV(Z),ISV(3))

,ISV(Z),ISV(S),
,ISV(Z),ISV(B))

Isv(y))

ISV(y))

SYA3
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SYA3
SYA3
SYA3
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SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3
SYA3



LOJ=1S2,EQ. ISYM
LOK=1S3,EQ. 1SYM

RETURN
END
C USED FOR DIKECT-ACCESS,

MACRO
SETUP &EPN
USING SAVE,13
B 14(15)
DC Xx'osg!
DC CLB&EPN
STM 14,12,12(13)
LR 11,13

LA 13,36(15)
ST 11,SAVE+y
ST 13,8(11)

PROGRAMMED BY L.THIEL, COMP, CENT. U OF A

B STWORK
SAVE DC 18F'Q"

MEND
LoGIou CSECT
* CALL LOGIOU(INFO,LOGU,&RTN)
* GENERATE A CALL TO GDINFO FOR A LOGICAL 1/0 UNIT AND RETURN
* THE INFORMATION SUPPLIED TO THE USER,
»* INFO - A 16 BYTE REGION AS DESCRIBED IN "MTS SYSTEM
* SUBROUTINES" UNDER GDINFO(NORMAL RETURN) .
* LOGU - ANY MTs LOGICAL 1/0 UNIT, LEFT JUSTIFIED WITH
» TRAILING BLANKS.
* ALTERNATE RETURN - NAME IS NOT A LEGAL LOGICAL 1/0 UNIT OR
* NO DEVICE wAs ASSIGNED TO THE UNIT,
* NO INFORMATION RETURNED IN THIS CASE.

SETUP 'LoGlou!
VGD DC V(GDINFO)
VFREE DC V(FREESPAC)
STWORK LM 2,3,0(1) PARM LIST

L 15,VGD ADDR OF GDINFO

LM 0,1,0(3) LOGICAL 1/0 UNIT

BALR 14,15

LTR 10,15 TEST

BNZ RTN RC

MVe 0(16,2),0(1) MOVE INFO

SR 0,0 FREE

L 15,VFREE INFO

BALR 14,15 REGION

LR 15,10
RTN L 13,SAVE+y GDINFO RC

LR 15,10

L 14,12(13) RETURN ADDR

LM 0,12,20(13) RELOAD RO - R12

BR 14

END

C THE FOLLOWING ROUTINES COMPUTE INTEGRALS OVER SLATER-TYPE~ORBITALS

DEPT.CHEM., U OF A

SUBROUTINE ONEl(NB,LB,MB,CB,NK,LK,MK,CK,Z,S,H,HH,RMI,RPI,RPZ)

ONE ELECTRON INTEGRAL

c CFACT ASSUMED

S

IMPLICIT REAL*8(A~-H,0~2)

REAL*g FC(IO)/Q.00,1.333333333333333,2.666666666865666,0.800,#.800
4L11,0NIN

.,19.200,.571#28571&285714,6.8571428571#2858,58.571&28571#2858,

<4285714285714/
INTEGER I1D/0/

SYA3
SYA3
SYA3
SYA3
Liou
Liou
Liou
Liou
Liou
Liou
Liou
Liou
LIou
Liou
Liou
LIou
Loy
Liou
Liou
Liou
Liou
Liou
Liou
Liou
Liou
Liou
Liov
Liou
Liou
Liou
Liou
Liou
Liou
Liou
Liou
Liou
Liou
Liou
Liou
Liovu
Liou
Liou
Liou
Liou
Liou
Liou
LIiov
Liou
Liov
Liou
ONIN
ONIN
ONIN
ONIN
ONIN
ONIN
ONIN

ONIN
ONIN



c

1
2

COMMON/CFACT/FACT(41) ONIN
IF(ID.EQ.1)GOTO2 ONIN
1D=1 ONIN
FACT(1)=1.D0 ONIN
DO 1 I=2,41 ONIN
FACT(1)=DFLOAT(I-1)*FACT(I-1) ONIN
S$=0,.0D00 ONIN
H=0,0D0 ONIN
HH=0,0D0 ONIN
RM1=0,D0 ONIN
RP1=0.D0 ONIN
RP2=0,D0 ONIN
IF(LB.NE,LK.OR.MB.NE,MK.OR., |ABS(MB) .GT.LB)RETURN ONIN
C=CB+CK ONIN
N=NB+NK+1 ONIN
CP=C*=»N ONIN
CPM1=Cx#(N-1) ONIN
CPP1laC#*x(N+1) ONIN
CPP2=Cx»(N+2) CNIN
L=LB*(LB+1) ONIN
ENB=(L-NB*(NB=1))*0.5D0 ONIN
ENK=(L-NK*(NK-1))*0,5D0 ONIN
CZB=CB#NB-Z ONIN
CZK=CK*NK=-Z ONIN
CSB=CB»CB*0,.5D0 ONIN
CSK=CK*CK+*0,5D0 ONIN
FT=FC((LB*(LB+1))/2+1ABS(MB)+1) ONIN
S=FT*FACT(N)/CP ONIN
RM1=FT«FACT(N-1)/CPM1 ONIN
RP1=FT*FACT(N+1)/CPPl ONIN
RP2=FT*FACT(N+2)/CPP2 ONIN
HaFT* ( (ENK*FACT(N=2)*C+CZK*FACT(N-1))*C-CSK+*FACT(N))/CP ONIN
IF(N.GT ., 4)HH=ENB*ENK*FACT(N=~4)*C ONIN
IF(N.GT,3)HH=(HH+(ENB*CZK+ENK*CZB) *FACT(N=-3))*C ONIN
HH=FT*( ((HH+(CZB*CZK-ENB*CSK~ENK#*CSB) *FACT(N=2))#C~(CZB*CSK+CZK*CSONIN
+B)*FACT(N=1))*C+CSB*CSK*FACT(N))/CP ONIN
RETURN : ONIN
END ONIN
SUBROUTINE HR(N1B,L1B,M18,C1B,N2B,L2B,M2B,C2B,N1K,L1K, M1K,C1K,N2K, HRIN
.L2K,M2K,C2K,Z,T1,T2) HRIN
MIXED H AND 1/R(1,2) INTEGRALS HRIN
REP! REQUIRED HRIN
IMPLICIT REAL#*8(A-H,0-2) HRIN
EN1=0,5D0«(L1B*(L1B+1)~N1B*#(N1B~1)+L1K#(L1K+1)=-N1K*(N1K=1)) HRIN
EN2=0,.5D0%(L2B*(L2B+1)=-N2B* (N2B=1)+L2K*(L2K+1)=-N2K#*(N2K=1)) HRIN
CZ1=C1B*N1B+ClK#N1K=~Z-Z HRIN
CZ2=C2B*N2B+C2K*N2K~Z~Z HRIN
CS1=0,5D0*(C1lB*C1B+C1K#*C1K) HRIN
CS2=0,.5D0*(C2B*C2B+C2K*C2K) HRIN
A=0,0D0 HRIN
IF(EN1.NE.0.0DO)A=REP! (1,N1B-2,L1B,M1B,C1B,N28,L2B,M2B,C2B,N1K, L1KHRIN
.»,M1K,C1K,N2K, L2K, M2K, C2X,1,0,0,1,.D0,1,0,0,1.D0) HRIN
B=REPI(1,N1B~1,L18,M1B,C1B,N2B,L2B,M2B,C28B,N1K, L1K,M1K,C1K,N2K, L2KHRIN
«sM2K,C2X,1,0,0,1.D00,1,0,0,1.D0) HRIN
C=REPI(1,N1B,L1B,M1B,C1B,N2B,L2B,M28B,C2B,N1K,L1K,M1K,C1K,N2K, L2K,MHRIN
.2K,Cc2K,1,0,0,1.00,1,0,0,1.D0) HRIN
F=0,0D0 HRIN
1F(EN2.NE.0.0D0)F=REPI(1,N1B,L1B,M1B,C1B,N2B-2,L28B,M2B,C2B,N1K, L1KHRIN
.+M1K,C1K,N2K,L2K, M2K,C2K,1,0,0,1.D0,1,0,0,1.D0) HRIN

G=REPI(1,N1B,L1B,M1B,C1B,N2B,L2B,M2B,C2B,N1K, L1K,M1K, C1K,N2K-1,L2KHRIN

-



.,M2K,C2K,1,0,0,1.00,1,0,0,1.D0) HRIN

T1=EN1%A+CZ1*B-CS1=*C HRIN
T2=EN2*F+CZ2*G-CS2*C HRIN
RETURN HRIN
END HRIN
FUNCTION REPI(IND,NLA,LLA,MLA,CLA,NRA, LRA,MRA, CRA,NLB, LLB,MLB,CLB,REP!|
1NRB, LRB,MRB,CRB,NCA,LCA,MCA,CCA,NCB,LCB,MCB,CCB) REPI
ONE-CENTRE TWO- AND THREE-ELECTRON INTEGRAL FUNCTION (IMAGINARY) REPI
ANGL! REQUIRED REP!
IMPLICIT REAL*8 (A-H,0-2) REPI
REAL#*8 FC(325,5),PL(9,5),ST(55),TP(45) REPI
INTEGER*4 (U/0/,LT(3),MT(3) REPI
INTEGER*2 1C(325,5)/1575%0/ REPI
COMMON /CFACT/ FACT(41) REP]
COMMON /CPSI1/ PSI(11) REPI1
IF (1U.EQ.1) GO TO 7 REPI
1Usl REPI
FACT(1)=1.D0 REPI
DO 1 1=1,40 REPI
FACT(I+1)=]*FACT(1) REP1
PS1(1)=0.0D0 REPI
DO 2 1=1,10 REPI
PSI(1+1)=PS1(1)+1.D0/1 REPI
W=1.D0 REPI
DO 4 LP=1,9 REPI
W=0,.5D0%W REPI
MA=(LP+1)/2 REPI
ML=LP+LP-1 REPI
Yu(~1.D0)**MA*ML*W REF!
DO 3 MP=1,MA REPI
Ya-Y REPI
MB=MA-MP REPI
MC=LP-MB REPI
MD=MC=-MB REPI
PL(LP,MP)=Y*FACT(MD+LP-1)/(FACT(MB+1)*FACT(MC)*FACT(MD)) REPI
DO 4 MP=1,LP REPI
TP((LP*(LP+1))/2-MP+1)=16.D0*FACT(LP+MP=1)/(FACT(LP~-MP+1)*ML**2) REP|
DO 6 LXP=l1,5 REP|
LT(1)=LXP-1 REPI
MA=LXP+LXP~1 REPI
DO 6 MXP=1,MA REP!
MX=MXP~-LXP REPI
MT(1)=1ABS(MX) REPI
LMX=LXP*(LXP=-1)+1~MX REP!
DO 6 LYP=LXP,S REPI
LT(2)=LYP-1 REPI
MC=LYP+LYP=-1 REP!
LMAXP=LXP+LYP REPI
DO 6 MYP=1,MC REPI
MYsMYP-LYP REPI
MT(2)=1ABS(MY) REPI
LMY=LYP*(LYP=1)+1-MY REPI
IF (LMX,GT.LMY) GO TO 6 REPI
LMXY=(LMY*(LMY=1))/2+LMX REP!
1PLC=0 REPI
DO 5 LSP=2,LMAXP,2 REP1
LB=LMAXP-LSP REPI
LT(3)=LB REPI
MB=MY=-MX REPI

MBA=1ABS(MB) REPI



~Nown
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11

12

13

IF (MBA.GT.LB) GO TO S
MT(3)=MBA

X=ANGL! (LT, MT)
I1F(X.EQ.0.0D0) GO TO 5
IPLC=IPLC+1

1C(LMXY, IPLC)=LB*(LB+1)+1~MBA
FC(LMXY,lPLC)=X*(LB+LB+1)*FACT(LB-MBA+1)/FACT(LB+MBA+1)

CONTINUE
CONTINUE
REPI=0,0D0

IF (IND.LT.3.AND.MLA+MRA.NE.MLB+MRB) RETURN

MA=LLA*(LLA+1)+1-MLA
MB=LLB*(LLB+1)+1-MLB
I L=MAX0(MA,MB)
IL=CIL*(1L=-3))/2+MA+MB
NL=NLA+NLB

CL=CLA+CLB
MA=LRA*(LRA+1)+1-MRA
MB=LRB*(LRB+1)+1-MRB
IR=MAX0(MA,MB)
IR=(CIR*(IR~3))/2+MA+MB
NR=NRA+NRB

CR=CRA+CRB

GO TO (8,9,34),IND
C=1.D0/(CL+CR)
CA=C=CL

CB=C+*CR
C=C**(NL+NR+1)

GO TO 11

IF(CL.LE.CR) GO TO 10
MA=NL

NL=NR

NR=MA

X=CL

CL=CR

CR=X

C=CR/CL

CS=C»C

V=-DLOG(C)
CA=C/(C+1.D0)
CB=C~1.D0

IF (CB.GT.0.0D0) CB=C/CB

KP==]1

DO 33 I=1,5
MA=1C(IL,I)

IF (MA.LT.1) RETURN
DO 32 J=1,5

IF (MA-IC(IR,J))32,12,33
K=SQRT(FLOAT(MA-1)+0,001)
MU=((K+1)%(K+2))/2=1ABS(K*(K+1)+1-MA)

IF (K.EQ.KP) GO TO 31
IF (IND.EQ.2) GO TO 15
MA=NR-K

MC=NL+K

CR=1.D0

SA=0,.0D0

DO 13 L=1,MA

CR=CR»CB

SA=SA+FACT(MC+L)*CR/FACT(L)

MB=NL=-K

REPI
REPI
REPI
REPI
REP1
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REP]
REP]
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REPI
REP!
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15

16

17

18
19
20

21

MC=NR+K

CL=1.D0

SB=0.0D0

po 14 L=1,MB

CL=CL*CA
SB=SB+FACT(MC+L)*CL/FACT(L)

SA=C*(SA*FACT(MA)/(CB*CR)+SB*FACT(MB)/

GO TO 30

MB=K+1

po 27 LP=l,MB
|A=LP+LP-3

DO 27 MP=LP,MB
Li=(MP*(MP=1))/2+LP
KM=K=2*(MP=LP)

1 BP=NL=KM

18=18P-1

SA=0,0D0

IF (1A.GT.0) GO TO 25
po 24 1t=1,1BP
SB=0,0D0

Y=1.00/C

Z=1,00

11M=1BP=11+1

DO 23 LL=1,11M

Y=Y*C

MD=NR+KM+LL-1
sC=0,0D0

CAM=1.D0

Z=-7

{F (11.GT.1) GO TO 21
CBM=Z

IF(CB.GT.4.D0) CcBM=0,0D0
DO 16 NP=1,MD

X=V

{F (MD.NE.NP) X=1.D0/ (MD=NP)
CAM=CAM*CA

CBM=CBM*CB

SC=SC+X* (CAM+CBM)

IF (C.NE.1.D0) GO TO 17
SC=SC-Z/MD

GO TO 20

\F (CB.LE.4.DO) GO TO 20
CcBM=CB

CAM=1,D0/CB

$D=0.0D0

DO 18 NP=1,10000
CBM=CBM*CAM

X=CBM/ (MD+NP=1)
SD=SD+X

IF (X/SD.LT.1.D-18) GO TO 19
CONTINUE

SC=SC-Z*SD
SC=FACT(MD) *SC

GO TO 23

X=0.5D0+*Z/C

u=1.D0

SC=0,0D0

IM=11-1

DO 22 NP=1,IM

X=X*C

(CA=CL))

REPI
REPI
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22
23
24

25

26
27

28

29
30
31
32
33

34

U=-U

1F (U.NE.Z) SC=SC-FACT(MD+NP-=1)/(X*FACT(NP))
SB=SB+SC/ (Y*FACT(LL))
SA=SA+SB*FACT(1BP)/DMAX1(1.D0,DFLOAT(I1-1))
GO TO 27

1AP=1 A+1

ME=NR+KM+1

CBM=2_.DO*FACT(1AP)/C

b0 26 i1=2,1AP,2

CBM=CBM*CS
SA=SA+FACT(IB+11)*FACT(ME=~11)*CBM/(FACT(IAP=11+2)*FACT(I1))
ST(LM)=SA/ (CL**NL*CR**NR*Cx*KM)
MC=(1+(-1)#**K)/2

MD=K/2+1

SA=PL(MB, 1) *ST(MD) *MC

MD=MD-MC

ME=MC

DO 29 L=1,K

LK=MB=-L

DO 28 M=1,LK

DO 28 N=M,LK

MN=(N*(N=-1))/2+M
ST(MN)=0,5D0*(ST(MN)+ST(MN+N)=-ST(MN+N+1))
IF (MC.NE.O) GO TO 29

ME=ME+1

SA=SA+PL(MB,ME) #ST(MD)

MD=MD~1

MC=1~-MC

KP=K
REPI=REPI+TP(MU)*FC(IL,1)*FC(IR,J)*SA
CONTINUE

CONTINUE

RETURN

I1F (MCB-MCA.NE.MLA-MLB+MRA-MRB) RETURN
CC=CCA+CCB

S=CC+CL+CR

WA=S/CL

WB=S/CR

RA=CC+CL

RB=CC+CR

AAM=RA/CL

ABM=RA/CR

BAM=RB/CL

BBM=RB/CR

NC=NCA+NCB

NCP=NC+NL+NR+1

MA=LCA*(LCA+1)+1~-MCA
MB=LCB*(LCB+1)+1-MCB

I M=MAXO0(MA,MB)

IM=(IM*(1M=3))/2+MA+MB

LSA=-1

LSB=-1

DO 40 1=1,5

MA=IC(IL,I)

IF(MA.LT.1) RETURN
LL=SQRT(FLOAT(MA-1)+0.001)

LT(1)=LL

MT(1)=1ABS(LL*(LL+1)+1=MA)

DO 38 J=1,5

MA=1C(IR,J)

REP|
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35

36

37
38
39
40

1F(MA.LT.1) GO TO 40

LR=SQRT(FLOAT(MA-1)+0.001)

LT(2)=LR

MT(Z)'IABS(LR*(LR+1)+1-MA)

po 38 K=1,5

MA=1C(IM,K)

IF(MA.LT.1) GO TO 39

LM=SQRT(FLOAT(MA-1)+0.001)

LT(3)=LM

MT(3)=|ABS(LM*(LM+1)+1-MA)
V=ANGL|(LT,MT)*GR.DO/((LL+LL+1)*(LR+LR+1))

1F(V.EQ.0.0D0) GO TO 38

1F ((LL.EQ.LSA.AND.LR.EQ.LSB).OR.(LL.EQ.LSB.AND.LR.EQ.LSA)) GO TO
137

NLM=NL-LL

NLPaNL+LL+1

NRM=NR-LR

NRP=NR+LR+1

NCM=NC-LL-LR-1
SA-UF(NCP,NLM,NRM,NA,WB)-UF(NCP,NLM,NRP,NA,WB)-UF(NCP,NLP,NRM,NA,

1wB)
1 F(NCM.GT.0) SA-SA*UF(NCP,NLP,NRP,WA,WB

)
SUMHSA/S**NCP+VF(NCP,NLM,NRP,RA,AAM,ABM)+VF(NCP,NRM,NLP,RB,BBM,BAMREPI
RE

1)
IE(NCM.LE.O) GO TO 35

REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REP!
REPI
REPI
REPI
REP1
REPI
REPI
REPI
REPI
REPI

Pl
REPI

SUMBSUM-VF(NCP,NLP,NRP,RA,AAM,ABM)-VF(NCP,NRP,NLP,RB,BBM,BAM)+FACTREPI
REPI

1(NLP)*FACT(NRP)*FACT(NCM)/(CL**NLP*CR**NRP*CC**NCM)
GO TO 36

NCM=~NCM

NCM1=NCM+1

NCM2=NCM+2

NCM3=NCM#+3
W-FACT(NLP)*FACT(NRP)/(CL**NLP*CR**NRP)
SlDl-(DLOG(RA*RB/(CC*S))*PSI(NCMl))*(-CC)**NCM/FACT(NCMI)
S|D2'F|DA(RA,NCM,NA,AAM, 1)
SlDS-FlDA(RB,NCM,NA,BBM, 1)

SiDs=FIDA( S,NCM,WA, WB,NCM1)
S1D5=FIDB(RA,NCM, 1, 1,NA,NCM3,NLP,AAM,1)
S1D6=F1DB(RB,NCM, 1, 1,NA,NCM3,NRP,BBM,1)
S1D7=F1DB( S,NCH, 1,NCM1,NA,NCM3,NRP, wB,1)
S1D8=F1DB( s,NCM,NCM2, NLP,WA, 1,NRP, WB,2)
S|D-S|Dl-$IDZ-Sl03+SIDQ-SIDS-SIDG*S|D7+S|D8
SIDT=SI1D*W

SUM=SUM+SIDT

LSA=LL

LSB=LR
REPI'REPl*FC(IL,l)'FC(IR,J)*FC(IM,K)*V*SUM
CONTINUE

CONTINUE

CONTINUE

RETURN

END

FUNCTIONS TO ASSIST REPI

JCFACT/ FACT AND /cpst/ PSI REQUIRED
FUNCTION ANGL1(LT,MT)

IMPLICIT REAL*8(A-H,0-2)

INTEGER* 4 LT(3),MT(3)

COMMON /CFACT/ FACT(41)

COMMON /CPS1/ PS1(11)

ANGL1=0.0D0

REPI
REP!
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REPI
REP!
REPI
REPI
REPI
REP!
REPI
REPI
REPI
REPI
REP1
ANGI
ANGI
ANGI
ANG!
ANGI
ANG1
ANGI
ANGI

-



1
2

L

10

11

1ST=LT(1)+LT(2)+LT(3)

ANGI

1F((=1)**|ST.LT.0) RETURN ANG1
po 1 1=1,3 ANGI
1A=1+1-3%(1/3) ANGI
1B=1+2=-3%(1/2) ANGI
LU=LT(1) ANGI
MU=MT (1) ANGI
IF (MU.EQ.MT(IA)+MT(IB).AND.LU.LE.LT(IA)*LT(IB).AND.LU.GE.IABS(LT(ANGI
13A)-LT(1B))) GO TO 2 ANGI
CONTINUE ANGI
RETURN ANG!
IF (LT(1A).GE.LT(IB)) GO TO 3 ANG1
MC=1A ANG |
1A=1B ANGI
I B=MC ANG|
LV=LT(1A) ANG!
MV=MT(1A) ANG|
LW=LT(IB) ANGI
MW=MT(IB) ANGI
1S=18T/2+1 ANGI
MA=MINO(LW=-MW, LU=-MU) +1 ANG!
X=-1,D0 ANG!
DO &4 1=1,MA ANG!
X==X ANGI
ANGL|=ANGLI+X*FACT(LU+MU+I)*FACT(LV*LN-MU-I+2)/(FACT(I)*FACT(LU-MUANGI
1-1+2) *FACT(LV=LW+MU+1 ) *FACT(LW=-MW=1+2)) ANGI
ANGLI=ANGLI*FACT(LV+MV*1)*FACT(LW+MW+1)*FACT(IS)*FACT(IST-LW-LW*I)ANGI
1#(-1.D0)*#*(1S=LV=-MW)/(FACT(1S=LU)*FACT(1S=LV)*FACT(IS~LW)* ANGI
2FACT(1ST+2)*FACT(LV=-MV+1)) ANGI
RETURN ANGI
ENTRY UF(NCP,NLM,NRM,WA,WB) ANGI
UF=0.D0 ANGI
FK=WA ANGI
DO 9 K=1,NLM ANGI
UFA=0.D0 ANG!
FK=FK/WA ANGI
FL=WB ANG!
DO 8 L=1,NRM ANGI
FL=FL/WB ANGI
UFA=UFA+FL*FACT(NCP-NLM=-NRM+K+L-2)/FACT(L) ANGI
UF=UF+FK*UFA/FACT(K) ANGI
UF=UF*FACT(NLM) *FACT(NRM) *WA#*WB/ (FK*FL) ANGI
RETURN ANGI
ENTRY VF(NCP,NLM,NRP,RA,AAM,ABM) ANGI
VF=0.D0 ANGI
FK=AAM ANGI
DO 10 K=1,NLM ANG!
FK=FK/AAM ANG!
VF=VF+FK*FACT(NCP=NLM=NRP+K-1)/FACT(K) ANGI
VE=VE#*FACT (NLM) *FACT(NRP) *AAM* ABM**NRP/ (RA**NCP+*FK) ANGI
RETURN ANGI
ENTRY FIDA(V1,1V2,V3,V4,IV5) ANGI
Y=0.D0 ANGI
DO 12 L=1,1V5 ANGI
X=0,D0 ANGI
KUP=|V2=-L+2 ANGI
DO 11 K=l1,KUP ANGI
X=X+FACT (KUP) #PS | (KUP+1~K)/(FACT(K) *FACT(KUP+1=K)*(=Vi)**(K-1)) ANGI
CONTINUE ANGI
Y=Y+X/ (FACT(L)*FACT(KUP)*(=-V3)**(L-1)) ANGI



12

13
14

CONTINUE
FIDA=Y*(=V1)**1V2

RETURN

ENTRY FlDB(Vl,IVZ,lVS,le,VS,IV6,|V7,V8,IV9)

Y=0.D0

DO 14 L=1V3,1Vh

1F(1V9.EQ.1) KLO=1V6-L

{EC(1V9.EQ.2) KLO=IV6

X=0,D0

DO 13 K=KLO,I1V7

X=X+FACT(K*L-IV2-2)/(FACT(K)*VB**(K-I))

CONTINUE
Y-Y*X/(V5**(L—l)*FACT(L))

CONTINUE

FIDB=Y#V1x*1V2

RETURN

END

NORMAL1ZATION FUNCTION (IMAGINARY)

FUNCTION ENMI (N, L,M,C)

IMPLICIT REAL*8(A-H,0-2)

REAL*8 CN(13)/2.DO,.66566666666666667,.888888888888888890-1,
1.53&92063&92063“920-2,.2821869&885361550-3,
2.8551119662230770-5,.18793669587320380-6,
3.313227826&5533970-8,.u09uk813915730870-10,
h.h309980u1218217h0-12,.373158&772“5210-1&,.270&0“6936559&870-16,
5.166b02888u036610'18/,CT(15)/.SDO,.7500,1.500,.10b1666666666667,

ANG!
ANGI
ANGI
ANGI
ANG1
ANGI1
ANGI
ANGI
ANGI
ANGI
ANGI
ANG!
ANGI
ANGI
ANG!
ANG I
ANGI
ENMI
ENMI
ENMI
ENMI
ENMI
ENMI
ENMI
ENMI
ENMI

2.h166666566666567,2.500,.b6111111111111110-2,.29166666668666570-1,ENMI
3.2916666666666657,3.SDO,.1108071&28571#290-3,.33928571“28571“30-2,ENMI

4.125D-1,.225D0,4.5D0/
ENMI=DSQRT(C**(N+N+1)*CT(((L+1)*(L+2))/2-IABS(M))*CN(N))
RETURN

END

SCHMIDT MATRIX MULTIPLICATION SUBROUTINE
SUBROUTINE MULTS(NB,H,EM, T)
IMPLICIT REAL#*8(A-H,0-2)

REAL*8 H(2),EM(2),T(2)

DO 4 N=1,2

po 4 1=1,NB

po 4 J=I,NB
JQ=(J*(J=-1))/2

1J=JQ+1

B=0,0D0
MA=J

IF (N.EQ.2) MA=l

Do 2 K=1,MA

1K=MAXO0(1,K)
IKn(IK*(1K=3))/2+1+K

KJ=JQ+K

1F (N.EQ.2) GO TO 1
B=B+H( 1K) *EM(KJ)

GO TO 2
B=B+EM( 1K) *T(KJ)
CONTINUE

IF (N.EQ.2) GO TO 3
T(1J)=B

GO TO &4

H(1J)=B

CONTINUE

RETURN

END

ENMI
ENMI
ENMI
ENMI
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT
MULT






PSRRI, L

18

10

12

15

17
170

19
190

141

21

22

140
1y

DO 7 JC=1,10
1F(TE(JA) .NE. ZAHL(JC))GOTO7
IFREE'IFREE+(1-MOD(JA,2))*IO*MOD(JC,10)+(JA-2)*MOD(JC,10)
GOTO70

CONTINUE

CONTINUE
IFCIFREE+LINCNT.LE.LINEND)GOTO18
| PAGE=] PAGE+1

WRITE(2,906) PMARK
WRITE(2,902) 1 PAGE
WRITE(2,903)BLANKY

LINCNT=3

DO 8 JA=l,IFREE

LINCNT=LINCNT+1
WRITE(2,903)BLANKYV

GOTO1

DO 11 JA=1,80

1F(JUMP)GOTO14

IF(TEC(JA) .NE.BLANK)GOTO12
IF(JB.EQ.1)GOTO11

IBLAN=|BLAN+1
{FCIBLAN.GT.1)GOTO11

GOTO13

IBLAN=0

IF(TE(JA) .NE.DOLLAR)GOTO15
JUMP=.TRUE.

GOTO1l1

1F(TE(JA) .EQ.HYPH.AND,.1COL~10.GT.JB)GOTO11
IF(TE(JA) .EQ.STAR)GOTO16
1F(1COL-10,GT.JB)GOTO1k
lF(TE(JA).EQ.COMMA.OR.TE(JA).EQ.HYPH.OR.TE(JA).EQ.DOT.OR.TE(
.JA) .EQ.BLANK)GOTO17

GOTO21

NOBLA=ICOL-JB

1ST=1

DO 19 JC=1ST,NOBLA
1F(JA+JC.GT,.80)GOTO190
IF(TE(JA+JC) .EQ.BLANK)GOTO141
IF(TE(JA+JC) .EQ.HYPH)GOTO140

1 F(TE(JA+JC) .EQ.DOT)GOTO140
IF(TE(JA+JC) .EQ.COMMA)GOTO140
CONTINUE

IFC(TE(JA) .NE.BLANK)BUF (JB)=TE(JA)
1F(TE(JA) .EQ.BLANK)NOBLA=NOBLA+1
GOTO20

{F(JC.NE,.IST)GOTO140

IST=1ST+1

GOTO0170

IF(JB.NE.ICOL)GOTOL4

1F(TE(JA+1) .NE.BLANK)GOTO22
BUF(JB)=TE(JA)

GOT023

WRITE (6,904)TE

STOP

1F(TE(JA) .EQ.HYPH)GOTO11
BUF(JB)=TE(JA)

JUMP=,FALSE.

JB=JB+1

IF(JB.LT.1COL-10)GOTO11
IF(TE(JA) .EQ.HYPH.OR.TE(JA) . EQ. BLANK)GOTO24

EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT
EDIT

SN B

O
AEEY:D)




|FCTECJA) .NE.DOT.AND.TE(JA) . NE, COMMA)GOTO11 EDIT

24 NOBLA=1COL-JB+1 EDIT
I1ST=1 EDIT

240 DO 25 JC=IST,NOBLA EDIT
IF(JA+JC.GT.80)GOTO020 EDIT
IF(TE(JA+JC) .EQ.BLANK)GOT0250 EDIT
IF(TE(JA+JC) . EQ.HYPH)GOTO11 EDIT
IF(TE(JA+JC).EQ.DOT.OR. TE(JA+JC) . EQ. COMMA) GOTO11 EDIT

25 CONT I NUE EDIT
IF(TE(JA+NOBLA+1) .EQ.BLANK)GOTO11 ENIT
GOT020 EDIT

250  IF(JC.NE.1)GOTO1l1 EDIT
IST=IST+1 EDIT
GOTO240 EDIT

C A NEW PARAGRAPH IS STARTED EDIT

16 JB=yB~1 EDIT
IF(JB.EQ.0)GOT0260 EDIT
WRITE(2,903) (BUF(JC),JC=1, JB) EDIT
LINCNT=LINCNT+1 EDIT
IFCLINCNT.NE.LINEND)GOTO260 EDIT
| PAGE=| PAGE+1 EDIT
WRITE(2,906) PMARK EDIT
WRITE(2,902)1PAGE EDIT
WRITE(2,903)BLANKY EDIT
LINCNT=3 EDIT

260 DO 26 JC=1,|DENT EDIT

26 BUF(JC)=BLANK EDIT
JB= | DENT+1 EDIT
GOTO11 EDIT 3

€, BUF_IS RIGHT JUSTIFIED, I.E. BLANKS ARE REMOVED EDIT {1

20 IF(NOBLA.EQ.0)GOT023 EDIT £x

27 JD=1 EDIT &
JC=IDENT+1 EDIT i

28 IF(BUF(JC).NE.BLANK)GOTO29 EDIT &
IF(BUF(JC+1),EQ.LEPAR)GOTO029 EDIT 3
BLAVEC(JD) =JC EDIT
JD=yD+1 EDIT

29 JC=yC+1 EDIT
IF(JB=1.GT.JC)GOTO28 EDIT

30 JE=1 EDIT

31 JF=(JE+1)/2 EDIT
IF(MOD(JE, 2) .EQ.0)JF=JD-JF EDIT
LIMG=1COL~NOBLA+1 EDIT
LIM=LIMG=BLAVEC(JF) EDIT
DO 32 JG=1,LIM EDIT

32 BUF(LIMG+1~-JG) =BUF(LIMG-JG) EDIT
LIMJ=JD+1-JF EDIT
NOBLA=NOBLA-1 EDIT
IF(NOBLA.EQ.0)GOTO023 EDIT
DO 33 JG=1,LIMJ EDIT

33 BLAVEC(JD~JG+1)=BLAVEC(JD~JG+1)+1 EDIT
JE=JE+1 EDIT
IF(JE.LE.JD)GOTO31 EDIT
GOT030 EDIT

23 WRITE(2,903) (BUF(JG),JG=1, ICOL) EDIT
LINCNT=LINCNT+1 EDIT
IFCLINCNT.EQ.LINEND)GOTOS EDIT
JB=1 EDIT
GOTO11 EDIT

9 LINCNT=3 EDIT




