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Abstract: A new class of assignment problem which roots in the optimization management of slabs in steel industry is considered
in this article. Compared with the generalized assignment problem, flow constraints should be considered in this problem besides the
capacity constraints when assigning items to knapsacks. This problem could be reduced to the generalized assignment problem, and so
is NP-hard. A heuristic with oscillation strategy and long-term memory list is proposed to solve it. The oscillation strategy makes it
possible that the local search oscillates between the feasible and infeasible solution spaces to find better feasible solutions. A long-term
memory list is embedded to encourage the diverse moves of items, which improves the diversity of the algorithm. In order to testify
the efficiency of the heuristic, 23 instances have been randomly generated for the computational experiments. The results show that
for small-size instances, the maximum deviation of the heuristic from the optimal solution is 0.55% and for larger-size instances, the
heuristic could find good solutions in a very short time.
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1 Introduction

A new class of assignment problem is considered in this
article, which is an extended version of general assignment
problem (GAP). This problem can be described as follows.
The item j in set J (J={1, 2,..., n}) will be assigned to one of
the knapsacks in set I={1, 2,..., m} to maximize the assign-
ing profit, while the knapsack capacity constraints should be
satisfied, as well as the flow constraint. The flow constraint
indicates that the knapsacks belong to different types, and
the total weight of items in each type should be no less than
a predetermined value number.

This problem arises from the steel production. In most
iron and steel companies, production is stimulated by cus-
tomer orders, and the planning and scheduling of semi-
products during the production is arranged according to the
actual requirements of various orders. With the development
of motor industry, household electrical appliance industry,
and property industry, it is very usual that the customers or-
der small amount but various steel products. However, the
orders conflict the mass feature of steel production. For ex-
ample, in steel-making stage, steel-making furnaces produce
molten steel (it will be made to slabs in casting stage) in ei-
ther 300 ton or 250 ton batches, which are not exactly the
ordered amounts most of times. So the production of small
amount and various products usually results in unsatisfied
matching relationships between the slabs and orders. It is
also the reason the produced slabs often exceed the actual
required amount. Consequently, the customer satisfaction

level decreases and production cost rises.
An effective way of avoiding these deficiencies is to re-

allocate the slabs for maximizing the matching profit by op-
timization method after releasing the original matching rela-
tionships. The new matching relationships should satisfy the
following constraints: 1) the total slab weight allocated to
each order should not exceed the order’s requirement and 2)
the slab weight allocated to the orders for each material flow
should be not less than its requirement in order to ensure
the balance of production, while the orders belong to differ-
ent material flows (a material flow corresponds to one main
downstream production operation for the products required
by orders). If slabs are seen as items, orders as knapsacks
and the material flow as knapsack’s flow, the above problem
is actually assigning items to knapsacks to maximize the as-
signing profit with the two constraints on knapsack capacity
and knapsack flow. So the problem is an extended version
of the GAP. However, compared with the GAP problem, the
new problem is more complex for the new constraint on flow.

The GAP is an NP-hard problem[1], so it is claimed
that the assigning problem with flow constraint is also an
NP-hard problem. For such kind of problem, optimization
method is hard to solve within a reasonable short time, and
the intelligent optimization method is often adopted instead.

The discussed problem has two kinds of constraints,
and the feasible space is relatively narrow. Oscillation
strategy[2−3] is an effective search strategy for the problem
with narrow feasible solution space. It comes from tabu
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search and makes the local search run alternatively between
feasible solution space and infeasible solution space to ob-
tain a better feasible solution. Literature [4] proposes a tabu
search with oscillation strategy for 0–1 knapsack problem,
which includes two stages: construction and destruction. In
the construction stage, the search shifts from feasible space
to infeasible space. In the destruction stage, the search shifts
from infeasible space to feasible space. Literature [5] also
uses the tabu search to solve 0–1 integer programming model
and the search oscillates between feasible and infeasible so-
lution space.

A heuristic algorithm with oscillation strategy is con-
structed for the problem with flow constraint in this article.
The search alternates between feasible and infeasible solu-
tion space, furthermore, the algorithm has two features: 1)
the algorithm parameters are dynamically adjusted and 2) a
long-term memory list [1−2] is embedded to record the num-
ber of occurrences of an item in knapsacks in solutions dur-
ing the search, and then the numbers are considered addi-
tional subobjective to encourage the diverse moves of items.

To evaluate the efficiency of the algorithm, simulation
data is generated based on the practical production. The ex-
perimental results show that the algorithm can obtain satis-
fied solutions in a reasonable short time.

2 Problem model

The assigning problemwith flow constraint has two fea-
tures: 1) the weight of each item occupying the resources of
different knapsacks is the same and 2) knapsacks are classi-
fied into different flows and the constraint on knapsack ca-
pacity should be satisfied, as well as the constraint on knap-
sack flow. The objective is to maximize assigning profit. The
mathematical model for the problem is as follows.

Model parameters:
m - the total number of knapsacks;
n - the total number of items;
K - the total number of flows;
Hk - the knapsack subset belong to flow k;
pij - the profit of assigning item j to knapsack i;
aj - the weight of item j;
bi - the weight of knapsack i can be accepted (the ca-

pacity of knapsack i);
ck - the minimum weight requirement for flow k.
Model variables:

xij =
{

1, if item j is assined to knapsack i
0, otherwise

According the above parameters and variables, the
model for the assigning problem with flow constraint is as
follows:

max
m∑

i=1

n∑
j=1

pijxij (1)

s.t.
n∑

j=1

ajxij ≤ bi, i = 1, 2, ..., m; (2)

∑
i∈Hk

n∑
j=1

ajxij ≥ ck, k = 1, 2, ..., K; (3)

m∑
i=1

xij ≤ 1, j = 1, 2, ..., n; (4)

xij = {0, 1}, i = 1, 2, ..., m; j = 1, 2, ..., n. (5)

Formula (1) is the objective function, which is the total
profit of assigning items to knapsacks. Constraint (2) re-
quires that the knapsacks’ capacity should not be exceeded.
Constraint (3) indicates that the total weight of the items as-
signed to flow k should be not less than the required. Con-
straint (4) indicates that each item can only be assigned to
one knapsack. Constraint (5) defines the ranges of the vari-
ables.

Omitting constraint (3), the model could be reduced to
a typical GAP. In GAP, items are assigned to knapsacks and
each in a condition that only one item can be assigned to one
knapsack, while the constraints on knapsack capacity should
be satisfied, and the objective is to maximize the total profit.
The GAP is NP-hard[1], and so it claims that the assignment
with flow constraint is also NP-hard. The model described
above is an extension of the GAP.

Let zik=1, if knapsack i belongs to flow k, or else zik=0,
and then constraint (3) can be transformed into the following
constraints.

m∑
i=1

n∑
j=1

ajzikxij ≥ ck, k = 1, 2, ..., K (6)

The transformed model is a linear integer programming,
which could be solved into optimal by linear solver for
small-scale size of instances. However, for the large-scale
size of instances, it is very difficult for linear solver to ob-
tain the optimal solution or even a satisfied feasible solution.
Considering that the two kinds of constraints of the problem
make the feasible solution space narrow, a heuristic with os-
cillation strategy is constructed.

3 Problem solving method

For the assigning problem with flow constraint, a
heuristic with oscillation strategy is constructed. In the oscil-
lation strategy, local search oscillates between feasible and
infeasible solution spaces to search for better feasible solu-
tions. Otherwise, long-term memory list is introduced to en-
courage the diverse moves of items to improve the global
search ability.

The main idea of the algorithm is as follows: first,
the initial solution is constructed according to the two con-
straints; second, the search with oscillation strategy makes
an iterative search for a good solution in various neighbor-
hoods. At each iteration, swap and insertion neighborhoods
are searched in turn. For the neighbors of a solution, their
quality is evaluated by the objective function value, the depth
of infeasibility, and the frequencies of items assigned to
knapsacks. If the search is in infeasible solution space for
a predetermined number of continuous iterations, the oscil-
lation strategy is adopted to guide the search come back to
feasible solution space.
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