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String averaging in general

Strings: ]1 = (1,3,5,6) [2 — (2) [3 — (6, 4)
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The string averaging algorithmic structure

For = 1,2,...M, let I = (il,i},....i% ),

be an ordered subset of {1 . 2, cees m}

x? e S,
k _ k
Ttx — Rifn(z‘)“'RitzRitlx )

xk” = R(Tlxk, szk, ...,TMXk).

Censor, Elfving and Herman, 2001
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For example, if all the sets are hyperplanes...

A, =1 ¥ = X" +/1k2wl.(Pl. (x*)—x"),
i=1

Cimmino 1937
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Sequential Successive Projections (POCS, ART, Kaczmarz, Row-Action)
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Block iterative projections (BIP)

Blocks: B1 — (1, 2, 3) Bz — (4, 5, 6)
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Question: Are the two families of string a\)‘eraging and the BIP identical?
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Congtroined minimizaliove




Projected Subgradient Minimization (PSM) method
Constrained minimization: min{¢(z) | z € C'}.

e (' is nonempty closed convex set and ¢ is a convex
function with domain that contains C.

2*tl = Py (%’k = tkqb’(fﬂk))

e step-sizes t;, > 0, ¢'(zF) € 0¢(z*), and Pg is the
projection onto C.

e Underlying philosophy of PSM: perform unconstrained
objective function descent steps via z* 1= z* — t;.¢/(z*)
and repeatedly regain feasibility by doing a projection
Po (zk) onto C.

e Major difficulty: If C' is not “simple to project onto”
then the projection requires an independent inner-loop
calculation to minimize the distance from the point z* to

the set C', which hampers overall effectiveness.
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X perturbed x'

Superiorization .

Gradient of .\, 1 {

D i a g ram cost function

Cisthe feasiblesetdefinedby ~ Superior
the intersectionof manyconvex feasible

sets(; points

¢ is a target functionto reduce
(here notto minimize)

Systematically perturb (add
perturbationterm) intemediate
iterates from iterative
projections inthe direction of
the negative gradient of ¢ -
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5 Figures

Figure 1: The head phantom. Its tomographic data was obtained for 60 views. It has TV=984.

Figure 2: The image reconstructed by Figure 3: The image reconstructed by

the projected subgradient method the superiorization method has
(PSM) has TV=919 and was obtained ~TV=873 and was obtained after 318
after 5257 seconds. seconds.

We explain now what we see in these figures. All computational work was done on a single
machine, an Intel i5-3570K 3.4Ghz with 16GB RAM using the SNARKO9 software package [27]; the
phantom, the data, the reconstructions and displays were all generated within this same framework.

In particular, this implies that differences in the reported reconstruction times are not due to the
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Pronounced: "Toda Raba"




The University of Haifa atop Mount Carmel (480 m), embedded in the Carmel Forest National Park
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