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AP STRACT

The objective of this thesis is to provide
aloorithms for linear proaramming problems with near
minimal iterations. The thesis is spread over seven
chapters. The first chapter is introductorv. In this
chapter the past work and the state of present
development is reviewed. The last chabter discusses
the results and provides conclusions. Pemainina five
chgpters discuss five algorithms nronosed by the aunthor.
These}five chapters have been groured in Part A and
Part F contéining pivotal ( hasic solutions only)
and hybrid ( basic and non-basic solutions) algorithms

iesgectively.

PART A __: PIVOTAL TECENICUES

-—

feveral algorithms of linear optimisation
nroblems with feasible region as convex polytope{ are
based on what micht be called "vertex following®" methods.
These algqorithms are based on the identification of a
special éiass of feasible solutions ( called\ﬁertices)
and determination of an adjacency relation amonc them.

fuch algorithms start with a vertex ( basic solution)
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and proceed along successive adjacent vertices,

according to some specified rule, until an ontimal verte:
is reache? ( or until it is shown that no ontimal vertex
exists). First method of this class, called the fimnlax:
Method, was given by George F. Dantziag in 1947 anAd since
then a number of variants, like Lemke's dual-simnlex
method ( 1954), Feale's method of leading variables
(1954), primal-dual method of Dantzig~Ford-Fulkerson (1956)
and many others, have heen develoned. 2l) these methods
are basically pivotal methods. In this part of the thesig¢
author provides two new alaorithms which are nivotal’in

nature.

The alqorithm‘presented in Chanter TIT can be
used tolfind a nrimal basic feasibkle solution and is base?
on the idea of selecting the nivotal row as one which
corresponds to the farthest unsatisfied constrint either
globally or along some axis on positive side. In the first
case the algorithm has dual proverty and in the latter it
has the pnrimal prorerty inherent in it., Therefore, we
have considered two versions of this algorithm. In both
versions, at every iteration a surrogate constraint,
formed by adding all the violated constraints, serves as

infeasibility function. 1In the primal version a column
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which has maximum rate of decrease of this function,

is chosen as the nivotal axis. The violated constraint
with maximum intercept on the nositive side of this axic
is taken as the pivotal row. In the dual version, we
consider that set of non-basic columns which, if chosen
as axes, have inter-sections with the globally farthest
violated constraint on their positive sides. From this
set, the column which has maximum rate of decrease iﬁ the
value of the infeasibility function is selected as the
‘pivotal column. In case there is no.such column, that
column which gives minimum increase is chosen. Mfter
pivoting, a check is made for primal feasibility. Tf

it is achieved or inconsistencv is identified the
algorithm is terminated otherwise the iteration is

repeated.

Chanter IIT of the thesis is devoted to another
algorithm which uses both nrimal and dual iterations
depending upon either the size of the problem or the
state of the current solution. Civen any tableau, which
is both primal and dual infeasible, we use only the Auval
iterations until a primal feasible, or dual feasible,
or both primal and dual feasible solution is reached or

it is found that the prohlem has no finite ootimum. If
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the problem has no finite ontimum or the state reached

is both primal and dual feasible the algorithm is termi-
nated. If the state teached is nrimal ( Aunal) feasible,
then primal ( Aual) iterations are applied until termi-
nation. The nivot selection rule for the nrimal itera-
tion is same as that of the primal-simnlex method excent
that no consideration is given to the sian of the right
hand side constants which now can be negative also.
fimilarly, a dual iteration is same as that of the
‘dual-simplex method except that no consideration is aiven

to the sian of reduced cost factors.

Part F : FYFRID TFCINTOUE ¢

— et . o= St

The term hybrid is used for thdse aloorithms
which do not restrict to the bhasic ( vertex) solutions
only but consider other solutions as well. One of the
features of these techniques is that we can start with
any feasible solution and move throuch or on the
boundary of the convex polytope to reach at the optimum.
The idea of proceedina through a convex nolyhedral set
( polytope) rather than around it has no doubt occurred
to many researchers in mathematical programming and

examnles of such methods are Frown and Koonmman's method
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(1953), R. Frisch's multinlex method ( 1957), Motzkin's
relaxation method ( 1954), Tomnkin's.projection method
(1955), Zoﬁtendijk's method of feasikle directions (1960),
ggd‘othersf This class of methods is good for rarticular
;type,of»pnoblemg, for examnle, when the convex nolvtone
‘gghsists,of‘a;larqe number of vertices and }make pivotal
methods inefficient. The algorithms in this'part
'proposed by thé author arevfohnd to be efficient enouch
in the ahove sense énd particularly when the number of
cohstraints/( ﬁ) is>very larae as‘compared to the number

of variables ( n).

The first algorithm of this groun, discussed
in Chapter IV, applies a heuristic, the idea of which is
to satisfy as many constraints alona some snecified
direction as possible. The heuristic helns in reducina
the number of infeasibilities (hot neceésarily the total
‘infeasibility) significantly. The simplex alaorithm is
combined with it to assure the converaence as the heuristic
alone does not always converge to a fea31b1e solutlon.
The heuristic is applied until there is an apprec1ab1e
reduction in the number of infeasibilities in_each

iteration. Thus, the simplex algorithm is used at a

‘stage when it is best suited during the process.
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Chapter V contains another aigorithm of the
typre hybrid which is complete in itself. Tt has two
vhases. Through rhase T it arrives at a feasible solu-
tion ( basic or non-basic) while in Phase IT it attains
ontimum. The idea behind the method is as follows. From
a vertex ( basic solution) insteéd of moving to an
adjacent vertex, a step is taken towards the interior of

the cone formed by the current vertex such that

a) in Phase I, the infeasibility function aiven
by the surrogate constraint correspondina to

the current vertex is strictly decreased

and b) in phase II, the objective function is strictly

improved. .

From this new point a search‘for another vertex is made
such that there is an iﬁprovement in the vaiue of the
infeasibility function or the objective funétion as the
case may be. Thus, a movemert of this tyne from one
vertex to another, while strictly improving the arpro-
priate function, can be considered as one iteration. To
start a phase of this algorithm, a basic solution is
not necessary. The alqorithm is expected to be gocd

for problems with large m and small n.
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Chapter VI describes: a hybrid algorithm
that automatically avoids zig-zag paths without search-
ing for a vertex-point from a non-vertex noint (as 1is
'§pne by the algorithm of chabter V1), 'A linear
gprggramminq technique_is'deduceduﬁrom a conjuaate
gradient non-linear nrogramming technique. A series
of non-linear problems with-spherical‘objective
function are used to.approach a linear proqramming

problem by a limitino.nrocess.

- All the algorithms nroposed here.have been
developed aiming at the solutions of -those nroblems
with no primal and dual feasible solutions readily
avéilablei “These alqorithms have been teéﬁéd“éhd a
comparison has been made with some of the exisﬁing
algorithms. . The results‘and conclusions~afe aiven

~in the last.chapter.
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