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Summary. Some remarks are given concerning the recent improvement scheme 
of calculating Jug's "maximum bond border" index. 
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In a recent paper [1] Zhan et al. proposed an improved technique for calculating 
Jug's "maximum bond order" index. The aim of the present note is to add some 
remarks on this subject. 

In 1977 Jug [2] defined his "maximum bond order" between atoms A and B 
as the greatest value of the trace of the diatomic block P of the LCAO (linear 
combination of atomic orbitals) density matrix, which can be achieved by 
performing proper unitary transformations of the basis atomic orbitals centered 
on atoms A and B, respectively. (This index is applicable only in the CNDO-type 
(complete neglect of differential overlap) theories.) Furthermore, Jug also proved 
[2] that this maximum trace can be obtained by diagonalizing the hypermatrix 

~ =  p ,  

and taking the sum of the positive eigenvalues. (The non-zero eigenvalues of 
occur in pairs + 5.) 

Zhan et al. [1] proposed that Jug's "maximum bond order" can also be 
calculated in the following manner: one has to diagonalize the matrix p p t  
(which is of smaller dimension than ~) and take the sum of the positive square 
roots ~ of the eigenvalues 2; obtained. The authors of [1] do not prove their 
result directly, but refer to a close analogy with Murrell's maximum overlap 
criterion [3] and tacitly utilize the invariance of a trace under similarity transfor- 
mations. However, when considering the analogy with Murrell's results, one 
ought to take into account that the overlap matrix transforms covariantly, while 
the density matrix, being composed of the LCAO coefficients, transforms con- 
travariantly with the transformation of the basis orbitals. Fortunately, as we 
shall see, this difference does not lead to substantial errors in the final results of 
[1]; however some unitary matrices would need to be replaced by their adjoints. 
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Summary. A distributed memory programming model was used in a fully 
parallel implementation of  the ab initio integral evaluation program ARGOS 
(R. Pitzer (1973) J. Chem. Phys.  58:3111), on shared memory UNIX computers. 
The method used is applicable to many similar problems, including derivative 
integral evaluation. Only a few lines of  the existing sequential F O R T R A N  source 
required modification. Initial timings on several multi-processor computers are 
presented. A simplified version of the programming tool used is also presented, 
and general consideration is given to the parallel implementation of quantum 
chemistry algorithms. 
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Introduction 

The general application of  ab initio chemistry methods is still limited by the vast 
amount  of computer resources required to perform electronic structure calcula- 
tions of any quality on even small molecular systems. For  this reason computa- 
tional chemists have been tracking developments in computer technology, and 
developing algorithms and programming models appropriately. Notable exam- 
ples would be the development of matrix based algorithms for vector computers 
(e.g. the CRAY-1 [1]), the use of  local attached array processors (e.g. the 
FPS-164 [2]), the the use of large memory algorithms [3]. More recently there has 
been active interest in the exploitation of  parallel computers [4-7]. It is noted 
that nearly all current super- and mini-super-computers use multiple processors 
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I have thought it of interest to check the result described in [1] by finding an 
independent proof based on the "singular value decomposition method" [4] or 
"pairing theorem" [5, 6]. The alternative proof can be outlined as follows. 

The unitary transformations T and U of the basis orbitals induce a similarity 
transformation ~ ~ ~ '  where 

This similarity transformation does not change the eigenvalues. According to the 
pairing theorem, we can choose the transformations T and U which enable 
P'  = T * P U  to be diagonal: P '  = (diag(qi)10). Then ~ '  becomes a direct product 
of 2 by 2 matrices (o :,) 
the eigenvalues of which are el,2= + ~ 2 .  At the same time matrix 
P'P'* = diag(Iqi[a), so the eigenvalues of ~ '  and thus of ¢~ are the square roots 
of those for p p r .  This proves the result of [1]. 

Finally, let me mention the problem that Jug's bond index is of limited 
interest and applicability, as it cannot be applied at the ab initio level of theory 
(overlapping basis orbitals) since it is not invariant under the non-unitary 
hybridization transformations that become admitted in that case. One may 
observe that the sum of the eigenvalues 2,. = Iqil 2 (instead of their square roots), 
gives Wiberg's bond index [7] 

WAB = E E IP. I 2= Tr(PP*) = Tr(P'e'*) = E  Iq,l 2. 
#~A yEA i 

This is a much more useful quantity than Jug's index and also has a proper 
generalization to the ab initio theory [8]. For molecules with no delocalized 
bonds, the eigenvalues 2i are close to either 1 or 0, so the numerical values of 
Wilberg's and Jug's indices should not differ very much in practice. 
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