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Fig. 7. Illustration of parallel shrinking process.

Theorem 3: The maximum number of steps necessary for com-
pletely shrinking a given component with an m x n bounding
rectangle by using ¢, is [F] + n—1.

Proof: Suppose a component is bounded by an m x n rectangle
as shown in Fig. 7. As we observed in the proof of Theorem 2, every
application of > moves both line L, and line L» up ane pixel. Thus,
‘hey are two pixels closer along the bottom side of the bounding
rectangle. After at most [5]—1 applications of 2, line Z; and line

-2 will be one or two pixels apart on the bottom side of the rectangle.
‘Tom now on, every application of 2, will turn the black pixel(s) on
1e bottom to white and leave one or two black pixels on the above
iow. Thus, n more applications of .2, will completely shrink the
component. Therefore, the maximum of steps to completely shrink a
component bounded by an m x n rectangle is [E] + n—1. <

When the parallel shrinking algorithm using the shrinking operator
+ 15 adopted in an image component labeling algorithm using local
operators, a 2 x 3 neighborhood should be used in the label-propagate

seration. In addition, when a new label is given to a component, the
-oel-propagate operation should check if it is the case in which two
haorizontally connected pixels represent the component. If so, the two
,xels should be assigned the same label.

It is easy to see that using the shrinking operator 2, , which shrinks
vxch component toward the top of its bounding rectangle, a parallel
sirinking algorithm can completely shrink a component bounded by
an X n rectangle in m + [4]—1 steps. Thus, we can make our
nrallel shrinking algorithm choose a shrinking operator depending on
i1z height and the width of the source image. Given an m X n binary

nage, if m > n, choose the shrinking operator w1; otherwise, choose
the shrinking operator ;. Therefore, the parallel shrinking algorithm

°s at most min{[ ] 4+ n—1, m + [5]1—1) steps to completely
iuink an m X n binary image.

IV. ConcLusion

“or a component bounded by an 1 % n rectangle, it is not difficult to
-z that any shrinking algorithm that shrinks components one pixel
one pixel preserving its 8-connectivity in the shrinking process

“S at least § steps in the worst case since there cannot exist a
el in the rectangle such that the maximum 4-connected distance
veen that pixel and any pixel on the component boundary is less

than 3. Thus, this kind of parallel shrinking algorithm shrinks an
n X n binary image with complexity Q(n).

Levialdi’s parallel shrinking algorithm shrinks an » % n binary
image within O(n) steps by changing black pixels to white and
changing some white pixels to black as necessary. Thus, his algorithm
is optimal asymptotically but with a multiplicative constant of 2.

The new parallel shrinking algorithm we presented is also optimal
asymptotically and shrinks an n X n binary image within O(n) steps.
However, we have a smaller mulitiplicative constant, namely, 1.5.
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Erratum and Addendum to “Iterative
Image Reconstruction Algorithms
Based on Cross-Entropy Minimization”

Charles L. Byme

Abstract—In the above-named paper [1], there is a gap in the proof
of Theorem 2 for case b) (the inconsistent case) with no regularization
(e« = 1). In addition, convergence can be established without using
the “full rank” assumption for the matrix P. The aim here is to prove
Theorem 2 with neither the gap nor the assumption.

There is a gap in the proof of Theorem 2, case b) (the inconsistent
case) with a=1. Equations (13) and (14) of [1] allow us to conclude
only that KL(Px™,y) < KL(Px,y) for all «+ > 0 for which
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KL(x,2*) is finite. However, from lemmas 5 and 6, we have that

KL(a.x™) + KL{Pr,y) — KL(Px, Px™)
= KL{x, 2" ) + KL{P2™"", )
+ KL{2™ " ™) = KL(P2™ ™, Pa™). )
Let © = &' be any nonnegative minimizer of KL(Pa, y); then, Pa’
is unique, even if @' is not. From (1), it follows that KL(x',2™) >
KL{x!, 2™}, from which we conclude that KL(x", 2*) is finite for
all »'. Consequently, 2" is a global minimizer of KL(Px,y). From
(1), it follows that the difference
KL(2'. 2™) — KL(2', 2"t
= KL(Pz""" y) — KL(P2',y) + KL{Pz', P2™)
+ KL(.F”H—I . ‘z_'m) _ K.L( P.l'm—'rl . P‘Z'm ) (2)

depends only on Pu’ and not directly on 2'. Therefore, the difference
KL(2',2%) — KL{2'", ") is independent of 2, for 1’ as above.

227

It follows that the choice ' = 2" is the unique nonnegative
global minimizer of KL(Px,y) for which KL{x". +*) is minimized.
Therefore, the " is unique, and the sequence {+™} must converge
to «”. For the case a=1, we have the following result:

Theorem: The sequence {x™} converges to a limit +°° for all |
and J, for all starting points ° > 0. The limit 2/ = 2* is the
unique nonnegative minimizer of KL{Pz', y) for which KL({2', 2%)
is minimized if there is no nonnegative solution of y = Pux. If there
are nonnegative solutions of ¥y = P, then the limit may depend on
the starting value; we have y = Pa™, with & = x™ the unique
solution minimizing KL{r, %), and support(.r) is contained within
support(+™) for all solutions ..
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