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.,.TEXT‘ An improved process for operation on charts is proposed by which an opii-

. *cmal flow chart is determined by checking a few circles only., A chart is interpreted

s+ to be a cont.nuous linear chart on a plane. A basic flow chart is defined as one

F 3whlch satisfies the following condit.ons: 1) no opposite flow; 2) no circle having flow r/
“on all arcs; 3) number of arcs having flow less than number of points by one. A \/
point P on a continuous linear chart is said to be a movable point, if the chart is
still continuous after P and all arcs having P as an end point are deleted from the
chart. The following are theorems concerning a basic flow chart: Theorem 1. There
exists a basic flow chart. Theorem 2. Optimal flow chart may definitely be found
from the basic flow charts. Theorem 3. Suppose that a basic flow chart is given.
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Then,. for every arc having no flow {(empty arc), there exists the only circle which
inciudes the given empty arc and on which all other arcs have flows. Theorem 4.

A basic flow chart is optimal if length of any flow on the outside and inside circles
corregponding to all empty arcs in Theorem 3 does not exceed one-half circle length,

In proving these theorems, the problems to be solved are expressed by mathematical
expressions. Let C;; denote distance between Pv P 3 Cij length of arc connecting

P;, Pj. When there 1s no arc connecting P;, P let Cij {Je a large positive integer \/
M such that direct transportation between Py, IJ’J is 1mposmble. Let x;; be the trans-
portation volume from P; to Pj, then for every point P;, we have

:‘;.th“‘g,"/u= 4, =1, (1)
[ X3] kL
(i’m‘=o
i=!

i.e., total issuing volume of P; should be equal to the negative number of issuing or
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receiving volume of P;. But our purpose is to find a set of non- negative x; ij (i, j=
1, ..., n, i# j)which satisfies (1) and such that the function
n
$= 2. ¢y X,
4",.)'=| Y J (2)

has a minumum value. This is a li;;:ar pProgramming problem and that determined
by (1) and (2) is called Type A problem. By arranging variables of (1) as Xjos sees
Xlns X1 +esy Xgpny eeei Xy soey X g, augmented matrix of (1) will have the fol-
lowing form:

| e | = -

5o -—’ . e o :
b ..0 ." et _, aﬂ l (3) X
—l ~] | [<oees| Qm.

Otviously, B has the rank n - 1 and thus the bas.s of (1) should comprise n - 1 vari-
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ables, Let % be a variable of (1), Transformation of Xi to Xj3 is called inversion.
Le;t XIljl} xizjz ) o e e xltjt (4)

be the t (t > 2) different variables of (1). If (4) itself or the variable set derived
after inversion of certain variables in (4) can be arranged in the form

) » ) s e ’ f] 5 X
Xkyky* Xkpky Xie k) (5)
(kl, kz, ..., k, being different )
then, set (4) is called a return route. The total of variables not inverted in arrang-
ing set {4) into form (5) is said to be the regular return route; the total of those re-
maining, the reverse return route. Lemma 4. The necessary and sufficient condi-

tion for coefficient row vectors

s S ot . PR .,
LIJI ? LeJa) 2 qltdt (6)

of {4) to be linearly dependent is that a portion of variables in (4) forms a return route.
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Theorem 4'. A basic feasible solution set is given. If the length of either the regular
or reverse return routes of each pair of nonbasic variables x;. and x;; does not exceed
one-half the return route length, the given solution is the optimal solution, Theorem4
i derived from Theorem 4' and determines the number of circles to be checked in
checking a basic flow chart. Suppose that there are n points and s arcs in a given
chart. Ia the basic flow chart, there will be n - 1 arcs having flows. Hence

Circle number to be checked = empty arc number = x - n 4 L.

There are 8 figures. One English-language reference reads as follows: S. Vajda,
Theory of game and linear programming.
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