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Постановка задачи

Input data
m is the number of customers
n is the number of products
pij ≥ 0 is the duration of producing product j for customer i
sjj′ ≥ 0 is the setup time from product j to product j′

s′j is the initial setup to product j
di is the due date for customer i
qi is the weight for customer i

Solution representation
We define operation as a pair of customer and product type
(i, j), i = 1, . . . ,m, j = 1, . . . , n. Operations should be scheduled
without preemptions.
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Модель ЦЛП

M = {1, . . . ,m}, N = {1, . . . , n}, K = {1, . . . , nm}.
Operation o is a pair (i, j).
We denote the set of all operations as O.

xok =

{
1, if operation o ∈ O is placed in position k inK,
0 otherwise,

tfk ≥ 0 is the completion time of an operation in position k ∈ K,

Ti ≥ 0 is the completion time of the service of customer i ∈ M ,

k ∈ K, o ∈ O, i ∈ M.
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Модель ЦЛП

Ограничения ∑
k∈K

xok = 1, o ∈ O, (1)

∑
o∈O

xok = 1, k ∈ K, (2)

t
f
1 ≥

∑
o∈O

xo1(po + s
′
o), (3)

t
f
k

≥ t
f
k−1

+ po +
∑

o′∈O

xo′,k−1so′o − H(1 − xok), (4)

k = 2, . . . , nm, o ∈ O,

Ti ≥ t
f
k

− H(1 − xok), k ∈ K, o ∈ O, (5)

Ti ≥ 0, t
f
k

≥ 0, xok ∈ {0, 1}, i ∈ M, k ∈ K, o ∈ O. (6)
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Критерии

Total completion time∑m
i=1 Ti

Weighted throughput∑
i∈O(π) qi

O(π) is the subset of customers, for which Ti ⩽ di in π

Makespan
maxi=1,...,m Ti

Maximum lateness
maxi=1,...,m{Ti − di}
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Двухкритериальная задача

Критерий
f = (f1, f2)
f1 =

∑
i∈M Ti, f2 = maxi∈M Ti

Множество допустимых решений
X = {xok ∈ {0, 1}, ∀o ∈ O,∀k ∈ K : (1)–(6)}.
Y = f(X)

Множество Парето
P (Y ) = {y∗ ∈ Y |∄y ∈ Y : y ≤ y∗}(
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Исследование множества Парето
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Единственная парето-оптимальная точка

f1 =
∑

Cj , f2 = Cmax

T′ = {T (x), x ∈ argminx∈X f1(T (x))},
T′′ = {T (x), x ∈ argminx∈X f2(T (x))}.

Если T′ ∩T′′ ̸= ∅, то |P (Y )| = 1.
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Общий случай
f1 =

∑
Cj , f2 = Cmax

T′ = {T (x), x ∈ argminx∈X f1(T (x))},
T′′ = {T (x), x ∈ argminx∈X f2(T (x))}.

Если T′ ∩T′′ = ∅, то |P (Y )| > 1.

Утверждение
Множество Парето P (Y ) задачи (1)–(6) имеет следующую
оценку сверху |P (Y )| ≤ t′ −minx∈X f2 + 1,
t′ = min{maxi∈M Ti| ∀T ∈ T′}.
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Область допустимых значений

f1 =
∑

Cj , f2 = Cmax
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Приближенное решение

(2ρ1, 2ρ2) приближенное решение
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Thank you for your attention!
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