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The integration of planning and scheduling decisions in rigorous mathematical models usually results
in large scale problems. In order to tackle the problem complexity, decomposition techniques based
on duality and information flows between a master and a set of subproblems are widely applied. In this
sense, ontologies improve information sharing and communication in enterprises and can even represent
holistic mathematical models facilitating the use of analytic tools and providing higher flexibility for
model building. In this work, we exploit this ontologies’ capability to address the optimal integration of
planning and scheduling using a Lagrangian decomposition approach. Scheduling/planning sub-problems
are created for each facility/supply chain entity and their dual solution information is shared by means of
the ontological framework. Two case studies based on a STN representation of supply chain planning and
scheduling models are presented to emphasize the advantages and limitations of the proposed approach.
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1. Introduction strategic, tactical and operational. Long-term strategic level defines

the business scope by determining the structure of the SC in a

Enterprise supply chain (SC) management encompasses the
whole set of activities which aim at the control of material, financial
and information flows among raw material suppliers, production
sites, distribution centers, retailers, and final customers. The per-
formance of SCs results from the synchronization of the previous
flows which is based on mass balances, SC capacity and techno-
logical constraints, budget limitations, suppliers’ capacity, market
demand and competition, and customer satisfaction requirements
among others, so as to achieve corporate goals efficiently.

In order to deal with this problem complexity, it is necessary
to decouple the system across a hierarchy of appropriately cho-
sen levels without disregarding the interrelationships that exist
among them. Indeed, in the integrated SC planning problem, several
dimensions may be identified, namely geographical distribution,
hierarchical levels, and business functionalities (Stephanopoulos
and Reklaitis, 2011). From a functional perspective, the enter-
prise has been traditionally divided in three basic decision levels:
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planning horizon of years. Medium-term tactical planning is con-
cerned with decisions such as the assignment of production targets
to facilities and the distribution from facilities to market places.
The operational level is related to short-term planning or sched-
uling which determines on a daily or weekly basis the assignment
of tasks to equipment units and the sequencing of tasks in each
of them. The aforementioned functional decision levels have dif-
ferent space and time scales, but they are intrinsically related to
each other since the decisions made at one level directly affect
others. According to Shobrys and White (2002), companies pur-
suing integration among the different decision levels in production
management environments report substantial economic benefits.

In the chemical process industry, two key methodological
components of SC management are scheduling and planning
technologies. The latter function focuses on the creation of the
production, distribution, sales and inventory plans based on cus-
tomer and market information while observing all relevant process
constraints. In particular, operational plans are aimed to struc-
ture future production, distribution and other related activities to
reach the business objectives (Kallrath, 2005; Shah, 2005). Accord-
ing to Kallrath (2002), most of planning problems in the process
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Notation ) ) .
) K scalar for calculating the step in the Lagrangian
Indices . decomposition
e suppllers ) ll;fte]t unitary cost associated with task i performed in
f‘f facillty locations equipment j from location f and payable to external
! tasl;s logi supplier e during period t
J Fec nologies . . Tut2 unitary cost associated with handling the inventory
k iterations of the Lagrangian decomposition sfet f material s in location f and ble to external
s materials (states) ot material s 1n focation J and payable to externd
t planning periods supplier e during period t
’ Xest unitary cost of raw material s offered by external
Sets supplier e in period t
Erm set of suppliers e that provide raw materials Conti iabl
Eprod set of suppliers e that provide production services ontinuous variables e . .
- . . . Bffin batch size of task i finishing at or before time point
Eq set of suppliers e that provide transportation ser- n
vices . S . .
. B, batch size of task i being processed at time point n
FPg set of materials s that are final products Pfin . . g P . . P
- L . . Bs batch size of task i starting at time point n
I set of tasks i with variable input aﬁ“ e ti
If set of tasks i that can be performed in technology j D f cycle time f task . . .
IS set of states s that are intermediate states fin processing time o ta.s starting at time point n cor-
]f technology j that is installed at location f EPurch respondl.ng t? sta%e ! h di iod
Ji technologies that can perform task i rchee economic value of purchases executed in period t to
Kis set of tasks i producing material s suppller.e . .
K set of tasks i consuming material s ESales; economic yalue F)f sales executed in period t
Mk set of market locations f Iicosl:f ?Xte? cost l_ri pe;lt‘)d; o duri odatl
NTr; set of production, or non-transport, tasks ife [h] otal capacity of technology j during period t at loca-
Pry set of production facilities f tion f ) o )
RM set of materials s that are raw materials Mg amount of stock of material s at location fin period
Sup set of supplier locations f t
Tr; ! set of distribution tasks i MSgn amount of state s available at time point n
Pjjfpr rate of activity i carried out in equipment j which is
Parameters originated from location f and delivered to location
BMIN BMAX Jower/upper bounds on the batch size of task i f in period ¢
CPsp, storage capacity for state s at time event n PDy; demand of state s at the end of the time horizon of
Demg;  demand of product s at market f in period ¢ the scheduling for facility f
FCHJj;  fixed cost per unit of technology j capacity at loca- Profit  total profit
tion fin period ¢ Purch?’® amount of money payable to supplier e in period t
fixt; fixed processing time of process stage i associated with production activities
hfe”"d hours in period t Purchll’ amount of money payable to supplier e in period ¢
H big number associated with consumption of raw materials
NMk total number of markets Purch®, amount of money payable to supplier e in period t
Prices;;  price of product s at market fin period ¢ associated with consumption of transport services
SF; size factor of task i performed in equipment j Revenue;CH revenue of production facility f
vart;  batch size-variable processing time of process stage Salesyr, amount of product s sold from location f to location
1 f in period t
STqn starting time of activities i (starting of time point n
greek symbols ) ) ) o and ending of n — 1) in facility f
Usij mass fractlgn of material s produced in task i in Ts absolute time of time point n (starting of time point
_ equipment j . o n and ending of n— 1) in facility f
Qi mass fr_actlon of material s for consumption in task TE; end time of the tasks at unit j in facility f
. tn e.qu1pmer.1t.] . . . Tfsn finishing time of task i that starts at time point n in
Bjr minimum utilization rate of technology j capacity facility f
that is allov.ved aF .loca.tlorlf ) Tsgn starting time of task i that starts at time point n in
Ggff, fixed capacity utilization rate of technology j by task facility f
i whose origin is location f and destination location WTg, waiting time of task i at time point n in facility f
f Yy frequency of the schedule (inverse of the number of
Ggff, variable capacity utilization rate of technology j by cycles in a year) in facility f
taskiwhose origin is location fand destination loca- 75¢€ objective function of the supply chain planning
tion f problem
ng,t unitary transportation costs from location f to loca- ZJ§CH objective function of the scheduling problem of
tion f during period t facility f
A Lagrangian multipliers for state s in facility f at time zoverall  ghjective function considering the whole supply
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