





































































































































































































-and fill the destinations in such a way that the total
cost is minimized, The problem can be stated as
a linear programming problem whose variables
are the mn individual allocations, with the summed
cost as the objective function and with m+n-1
independent constraints, and so solved. However,
much more efficient special-purpose algorithms
are available; these are called transportation
algorithms or codes, in which the special struc-
ture of this problem is exploited. A special case
of the ""machine loading" problem (q.v.).

Traveling~salesman problem.--A special type of
assignment problem. A traveling salesman
wishes to start in one city, visit each of n other
cities, and return to the start in such a way that
the total distance traveled is minimized. This
can be regarded as an assignment problem in
which each city is assigned a successor city, but
with the added restriction that the journey from
city one back to city one be continuous. The
traveling-salesman problem is much more
difficult in solution than the corresponding
unrestricted-assignment problem, even though
there are fewer feasible solutions to consider.

A number of solution algorithms have been
brought forward, most of them based on integer
linear programming or on dynamic programming
techniques. However, none as yet are regarded
as generally satisfactory: the efficient methods
are only approximate, and the exact methods
require too much computer time,

Unbounded set of numbers. --A set A = (a) of real
numbers which has no lower bound and/or no
upper bound. That is, if A has no lower bound,
for any real number x, it is possible to find a
number (a) in A such that a < x. If A has no
upper bound, for any real number x, it is possible
to find a number (a) in A such that a > x.

Unbounded solution.--An optimal solution with
some infinite or unbounded values, and therefore
with an infinite optimum for the objective function.

Unique,--One and only one (in mathematics).

Unique solution.~--The optimal solution, in a
problem which has one and only one optimal
solution.
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Unit negative vector ("UN"), --A unit (positive)
vector except that the sign of the 1.0 is minus.

Unit vector,~-The term is used in two senses, one
more special than the other, (1) A vector of unit
length with one coefficient (+1) and the other
coefficients all zero. (2) A vector of unit length,
In the context of linear programming, meaning (2)
is never used.

Upper bound (of a set of numbers).--Let A=(a) be
a set of real numbers. Then the real number c is
an upper bound for A, provided that ¢ > (a) for
every (a) in A,

Update.--To change a matrix, vector, etc., from
stage n into a form suitable for stage n+1, usually
by routine operations on the former.

Variable.--A symbol which can stand for any
member of a given set, as distinguished from a
constant, which is a symbol standing for only one
such member. An argument of a function whose
value is to be established.

Variable cost. --Marginal cost--that is, includes
no fixed charges.

Vector,--An ordered set or array of quantities,
usually n real numbers (x4, X9, «.., Xp). A
vector arrayed horizontally is called a row
vector; one arrayed vertically is called a column
vector. For example, the rows of a matrix are
row vectors, the columns of a matrix are column
vectors,

Vector in.--Entering variable's associated vector.

Vector out.--Departing variable's associated
vector,

Vertex.--A point of a convex set which does not lie
on a line segment joining any other two points of
the set; also called extreme point.
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