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1 Introduction

In this research, we address U-line balancing under uringriand propose a robust optimization
model to generate assembly lines that are protected agisngptions in operation times. U-shaped
layouts have been widely investigated in literature begdliey are more efficient and flexible than
traditional straight assembly lines. They offer more cheioe grouping tasks since the same worker
could work in different stations which are located at enteaand exit sides of the lines.

Majority of the existing research on assembly line balagaimkes a simplifying assumption
and models deterministic environments. However, in réaldie are subject to various sources of
uncertainty, like variability in operation times. To avaldviations from production targets, we will
use robust optimization, which is a fundamental optim@aatnethod that hedge against uncertainty.
The other approaches are stochastic programming, setysétivalysis, parametric programming and
fuzzy programming.

Robust optimization addresses minmax and minmax regrecobgs (see Kouvelis and Yu [1]).
However, pessimistic solutions could be generated. Todagwer pessimism, Bertsimas and Sim
[2] have proposed a restricted uncertainty model in whidly arsubset of coefficients are driven to
their upper bounds. We use this approach to formulate thestdl-type assembly line problem with
minimum number of workstations (UALBP-1). More specificallye &im to design assembly lines
that could are protected against variability in operatibmes. Cycle time is fixed and variability
affect the number of stations installed.

2 Robust Optimization Model

A product is required to be assembled within a given cycleet@nby installing the minimum
number of workstations. Precedence relations among opesashould be satisfied. A grapB,=
(N,A), whereN is the set of nodes arC N x N is the set of arcs, is used to model these relations.
U-lines allow both forward and backward assignments to thigoss, for this purpose, [3] introduced
to add an auxiliary network called as "Phantom network".

We consider interval uncertainty for operation times, thahe uncertain times; can take values
in an interval between nominal and upper bound valuefjie [tj,fj], j = 1,...,n. We assume that
nominal values are aggressive time estimates so that issslikely to have values lower than it. In
that sense, the deviatiody, = t; —t;, defines the the risk that could be faced for operafion

A mixed integer-programming (MIP) model of robust UALBP-1 abbke stated as follows :
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This model considerk stations andh operations. The binary decision variablgsandy;x assign
operationi to stationk respectively either to the front or back of the station (F)atldition, binary
variablez is assigned to 1 if statiok is used to process some operations. We minimize the total
number of work stations (1), while a unique station is assitjo each operation (2), and precedence
constraints are not violated (5) and (6). The constraint (@tand (4) are used to define the cycle
time. LB and UB respectively denote a lower and upper bounddonber of work stations.

We note thagk(x,y) defines the maximal time deviation for each statioithe set of operations
that are subject to uncertainty are determined by the bimecyoru, i.e. {j : uy = 1, Vk}. These
operations will have execution times at their upper bouitie. parameteF defines the pessimism
level of the decision maker. For instance, whee:= 0, we reach to the deterministic problem with
nominal time values. In contrast, high values of this patamadicate a risk-averse decision making
behavior.

3 Conclusion

We address U shaped line balancing under interval uncgrtminoperation times in this research
and propose an robust optimization model. A decompositaset solution algorithm will be pro-
posed and the efficiency of the algorithm will be tested witmea@omputational experiments. The
main contribution of this research is to be a pioneer workotnust U-shaped assembly line balancing
and it will serve as a basis work for further research. The rhaxe algorithm could be extended to
model robust versions of mixed-model assembly lines.
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