Conclusions and Further Research

6.1 Conclusions

We propose a robust supply chain design using an integrated hier-
archical planning approach. This hierarchical planning approach is
adopted because most supply chains make their decisions based on
the natural hierarchy existing within their managerial systems. There
are typically three levels of planning in a supply chain: strategic,
tactical and operational levels. 1t is therefore necessary to translate
plans from the strategic level into the tactical level, and from the tac-
tical level into the operational level while maintaining a prescribed
service level. This PhD) work attempts to explore and develop new
approaches in integrating the various plans i supply chaing m order
to resolve the complex issue of uncertainty inherent in these supply
chains.

Three models are formulated -one for each level- addressing prob-
lerns that most commonly ocour in o supply chain, At the strategic
level, the safety stock placement problem is formulated for a capac-
itated supply chain. The effect of capacity Himitation is to increase
the quantity of required safety stock by a certain correction factor.
Even when the net replenishment time is non positive, a capacitated
stage must place safety stocks in order to maintain the preseribed ser-
vice level. At the tactical level, the aggregate production planning is
formulated addressing two types of uncertainty: demand and capac-
ity uncertainty. Some capacity cushion levels are used to deal with
demand uncertainty and a preventive maintenance planning is used
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to deal with capacity uncertainty. We propose a general preventive
maintenance policy where maintenance periods do not necessarily fall
at equally distant epochs. At the operational level, a family produc-
tion is disaggregated into finished products taking into account ma-
chine breakdowns. The operational level planning, alms at producing
the planned production decided at the tactical level as acourately as
possible, in addition to synchronizing production across the produc-
tion line. In snmmary, we attempt to solve one of the most important.
problems in a supply chain, namely meeting uncertain demand using
a machinery which is subject to failures.

Considering the results {from each planning level, an integrated
hierarchical approach is proposed in this research. Two phases of
integration are considered: [1] the integration of strategic and tactical
level planning and [2] the integration between tactical and operational
level planning,.

This collection of models can serve ag a basis for further elabo-
rated models to solve more complex problems in a supply chain. 1t is
worth noting that the complexity in a supply chain is partly reduced
by the use of safety stock at the strategic level, the formulation of
inventory movement constrainis at the tactical level and the formu-
lation of runont deviations at the operational level. At the strategic
level, the guaranteed service time of a stage (along with the safety
stock) decouples it from other stages in the supply chain which al-
lows it to generate ifs own tactical plan. At the tactical level, the
inventory movernent constraints also decouple a machine from oth-
ers in the production line. Finally, the formulation of runout devi-
ations synchronizes the production of hinished products across the
production line even though the planning is executed independently
for each machine. At the tactical level, partitions of planning hori-
zon for both demand realization and preventive maintenance actions
are used. Such partitions bring about a determninistic formulation
while maintaining the prescribed service level. The computational
complexity of such a robust deterministic formulation stays within a
reagonable amount of time and space.

We have tested these models at the strategic, tactical and oper-
ational levels using some test sets which are designed to reflect real
problems. Because we want to put emphasizes on understanding un-
certainty at all levels in a supply chain, we evaluate the models using
small size test sets. Our findings suggest that this proposed hierarchi-
cal planning approach is promising, particularly when dealing with
uncertainty and complexity issues in the supply chain.
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6.2 Further research

Further rescarch may be directed towards the evaluation of this hier-
archical planning approach on large scale problems. Such an evalua-
tion will probably provide a good assessment for the real implemen-
tation of the approach in a supply chain.

It is also necessary to investigate the integration of {ransporta-
tion in this approach because transportation is a critical factor in
supply chains. Moreover, a general structure for supply chains is an
important issue and it needs to be addressed accordingly. Although
the salety stock placement problem in a general network has heen
studied by Graves and Willems (2000) and Lesnaia et al. (2004), ca-
pacity limitation issues bave not been adeguately addressed in the
literature. We believe that some of our findings can be extended into
a general network safety stock placement problem (i.e. the correction
factors needed to adjust the amount of safety stock in a capacitated
stage). An analytical study of the correction factor or a simulation
study for any value of stock out probability «, would be very valuable
for practical reasons.

Future research should also be directed towards the investigation
of a ‘safety’ capacity strategy which deals with the progressive dete-
rioration of machines. We believe that ‘safety” capacity will be able
to dampen some of the variability of machine capacity at the tactical
level, Bor this reason, we need to further study the capacity cushion
levels needed at the tactical level so that the realization of machine
breakdowns can be resolved efficiently at the operational level. The
relationship between this ‘safety’ capacity and the capacity cushion
levels for demand uncertainty also needs Lo be examined. We belicve
that there is a shared risk between demand uncertainty and machine
uncertainty that can be deall with ‘safety’ capacity or system slack
(see also Welster, 2008). Such research will Jead to new ways of re-
solving other types of uncertainty. The development of new models
that include other sonrces of uncertainty, such as supply lead times,
delivery lead times and quality uncertainty can advance the study
on uncertainty in supply chains as well as practical values for supply
chain practitioners.
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