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Formulation of the problem

e m supply points Ay, ..., A, with ag, ..., a, product items

@ n consumers By, ..., B, satisfying their unknown needs with
lower bounds b, ... b and upper bounds b;”, ... b

@ [ intermediate points Ds, ..., D, could be engaged

Optimal plan of product transportation is to be found

@ cj is the cost of transportation of a product item from supplier
A; to intermediate point Dy

@ ¢ is the cost of transportation of a product item from
intermediate point Dy to consumer B;
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the number of product items, which are transported
from supplier A; to intermediate point Dy

the number of product items, which are transported
from intermediate point Dy to consumer B;

the number of product items, which are transported
to consumer B;
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Formulation of the problem

f;:;/z = ijn {f(X,y,Z) chlkxlk +chk_/ykj} (1)
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k=1
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Zykj_zﬂ J=1Ln, (3)
m k=1 n
ink—Z}/kj—()’ k:77 (4)
i=1 j=1
DI EDIE (5)
j=1 i=1
bow <z < bP. j—Tom, (6)
XikEO, ykaoa I_lmk_ﬁ :ﬁ (7)
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Problem (1)—(7) properties

@ Problem (1)—(7) is a linear programming problem
with m x [ 4+ n x (/ 4 1) continuous variables x, y, z,
and m+ 3n+ /41 linear constraints

o Assume m>2,n>2,1>2, as well as a; > 0, b” > bl > 0,
foralli=1,m, j=1,n

@ Problem (1)—(7) is balanced
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Consistency conditions 1

Theorem
Constraint system (2)—(7) is consistent if and only if the following
condition is satisfied:

i b < i ai < Z bi”. (8)
j=1 i=1 j=1

v

Remark. Inequality (8) means that constraints (2)—(5) are linearly
dependent, and one arbitrary equality from (2) and (4) can be
eliminated.

Viktor Stovba and Olha Khomiak Two-Stage Transportation Problem PLMO 2024 10/17



Consistency conditions 2

If b = bj” = b; for all j = 1, n, then the problem (1)~(7) turns
into a classic balanced two-stage transportation problem, for which
the following theorem holds.

Constraint system of a classic balanced TTP is consistent if and only
if the following condition is satisfied:

Za,- = Z_l:bj (9)

i=1

Remark. The equality (9) means that constraints of classic balanced
TTP are linearly dependent, and one arbitrary equality from them can
be eliminated.
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Problem (1)—(7) with fixed number of consumers

m / / n
fyz = min { X,¥,2Z ZZ CikXik + ZZ ij}/kj} (10)

X?y
i=1 k=1 k=1 j=1

/
ZXik = daj, Z}/kj =z, I= 17_”7; Jj= ﬁ7 (11)‘(12)
k=1 k=1
ink—Z}’kj:()’ k:77 (13)
i=1 j=1
sz = Zah (14)

Vb < < z < by, j=1n, (15)
Y v=d, 1<d<n, (16)
j=1

Xikzo) yijO)VJ:O\/]-a I:17m7k:ﬁ).j:ﬁ (17)

Viktor Stovba and Olha Khomiak Two-Stage Transportation Problem PLMO 2024 13 /17



Problem (10)—(17) properties

@ Problem (10)—(17) is a Boolean linear programming problem
with m x [ 4+ n x (/ 4 1) continuous variables x, y, z,
n Boolean variables v, and m + 3n -+ [ + 2 linear constraints

e If v =0, then products are not transported to consumer B;;
otherwise v; = 1 and inequality bj"‘” < z; < b{” holds

@ Equality (16) means that products are transported to only
d (1 < d < n) chosen consumers
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Conclusions

1. Necessary and sufficient conditions of consistency of constraints
system of TTP with unknown consumer demands are justified

2. Modification of TTP with unknown consumer demands and fixed
number of consumers is considered
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