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M eth odologiesM eth odologies

� Discrete event simulation
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Decision Support SystemDecision Support System

� An integrated decision support system
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Simulation - FrameworkSimulation - Framework

  

Real Time State
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Real Time State
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  Control action  System state

UserUser
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Simulation - M od elSimulation - M od el

� Discrete event simulation using Arena
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Controller DesignController Design

� Integration of simulation model and controller

→

�� � �� � �� � �� � �� � � � � � � � �� �� � � � � ��� � �� � � �� � � � ��� �

→

� �� ��� � � � � �� � � � �  � � � � � � � � �� � � � � � �� � �
� A ctiv e X  automation th rough  V isual B asic for

A p p lication

� D esign and op erate th e tank er fleet

!#" " $#% & ')( *+ ,.- /10 , ,( $ 2 + ,.-3 * + ,.- ,0 & 4- ( "

5 - & 6 ( - 7 - 0 " - " $% &0 7 "8 $ "9 0 ,.: ; ,0 & 4- ( "

<( - 0 ,.- = 6 $ "9 * " - - & , $ , $ - "3- & , =( - ,+ ( & ,0 & 4- ( "

>1? @A B BC D E�F A GH IKJ G EC B L BC D EF A G



� � � � �� � �� � 	
 
 � � 


Simulation - AnimationSimulation - Animation

� Visualize the entity flow through in the dynamic
system
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Simulation - ReportSimulation - Report

� Summary report
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� Real-time state report
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Statistical AnalysisStatistical Analysis

� Analyze and interpret simulation results

� E v aluate system perf ormanc e under v arious
desig n and operation strateg ies

� E x ample,  “ H ow  many spot tank er sh all w e rent? ”

�  �� �� ��� � ���� � � �� � ��

�� �� �� � �  �� � �  � � � ��� �

� � ��   � � � � � �� �� � � ��� ����

� ����
�� �  �"! #� ��$ %

� �$ &� #' (

� ( % #  �*)

+$ � #  -, $ .�/"0 1 2 ( & $ 3

.� $ � � # % 4 ( &



Stochastic Optimal ControlStochastic Optimal Control



� � � � �� � �� � 	
 
 � ��
T ransportation- I nv e ntory  Sy ste mT ransportation- I nv e ntory  Sy ste m

� Inventory routing problem
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Uncertainty in Travel TimeUncertainty in Travel Time

� Incorporate uncertainty in tanker travel time into

inventory/ trans portation s ys tem
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ϒ  Control decisions
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tµ - Control policy

Stochastic Optimal ControlStochastic Optimal Control

Minimize: E {Transportation cost +
Inventory cost + Shortage penalty…}



� � � � �� � ��
�

	
 
 � ��

Schematic ModelSchematic Model

� A simplified representation of the combined

inv entory / transportation sy stem
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Mathematical F or mu lationMathematical F or mu lation

� S y stem state s( t)

� C ontrol action u ( t)

� R andom v ariable ω ( t)

( )twij
number of tankers j at location i

( )txnkjτ number of tankers j traveling on route (n,k) for τ days

( )tzi inventory level at location i
              �����

( )tynkj number of tankers j dispatched to route (n,k)

( )trij number of tankers j rented/returned at location i

( )tdi
number of tankers j rented/returned at location i

( )tnkτα =1 if tankers j that have been traveled on route (n,k)
for τ days arrive
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Mathematical Formulation (cont.)Mathematical Formulation (cont.)

� State equations s(t+1) = f (s(t),u(t),ω(t))

� C o st e q ua ti o n s g (s(t),u(t))
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Dynamic ProgrammingDynamic Programming

� Optimal control is to find a strategy π ,  w h ich  is a
seq u ence of control policies

    su ch  th at

� B ellmans’  eq u ations
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Solution StrategiesSolution Strategies

� Decomposition of the system
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Solution Strategies (cont.)Solution Strategies (cont.)

� Computation of control policies
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Approximate AlgorithmApproximate Algorithm

Yes

Initialization

Set t = N-1

Generate rep. states

Calculate cost-to-go for all
subsystems

Solve "least square fit" to
estimate parameters

Solve knapsack problem
using function approximator

Obtain the near-optimal
control policy from (53)

t--; t = 0?

End

No
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R ef in ery  O perationR ef in ery  O peration
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Assume: A typical large

refinery

~ 3-10 Crude tanks

~ 10-30 Intermediate tanks

~ 30-50 Product tanks

~ 2 week demand amount
of inventory
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Model FormulationModel Formulation
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Moving Horizon Control (sub-optimal)Moving Horizon Control (sub-optimal)

� State information
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ConclusionsConclusions
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