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Introduction N

* The supply system is a dynamical system with
a range of lead times and varying delays

between supply nodes.

* The demand and supply of such a system vary
with time and require an effective
distribution and management policy to deal
with all variations.

* |n a real-life, the nominal demands are
usually known, however, difficulty arises
when the uncertainty in the demand makes it
difficult to maintain the stability of the
system.
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Introduction

e Supply chain systems are
multidimensional and there are several
factors which affect the system stability.

In order to systematically address this
problem, researchers have proposed
various dynamical modelling and
simulation approaches.

The modelling and simulation approach in
this paper is based on the control theory
approach where ordering policy is
determined through feedback which is a
function of the system states and demand
from customer.
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* Problem statement.

* Control theoretic model.
e System simulation model.
* Simulation results.

* Conclusion.
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Problem Statement 5 IR

* Distribution of several packages to customers at several locations managed
by a Prime Service Contractor (PSC).

* There are 7 customer locations, 7z distributor locations, and /types of
packages.

* A customer requests packages and PSC considers all the available
resources at different locations and chooses an optimum ordering policy as
well as the most cost-effective delivery route depending on the time
required to deliver, and the cost of delivery.

e Each location has different lead times for the delivery.
* Packages are re-usable.

The main objective is to help operation managers to obtain cost-effective
ordering and resource routing policies such that system remains stable.



Supply chain dynamics
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Dynamic Model

 Stocked package dynamic equation for customer location:

 Stocked package dynamic equation for distributor location:

Dig,l (F)=Dlgl (k—1)+Plgl (h—TLig,l )+ Plgl(k—Dlinl)—



Augmented Dynamics

 Augmented customer dynamics
Xipl (k)=Alp ! Xip! (k—1)+BIpl Ulp (k) —dipl(k),
Yipl (k)=Cip,! Xip, ! (k—1)+Dipl Ulp!(k),
 Augmented distributor dynamics
Xigl(k)=Algl X gl (k—1)+F g/ Vig/l (k)
Yig/l(k)=Clgl Xlgl(k—1)+D gl Vigl (k)

* Augmented system model

[BXip,! (k)X lgl (k) |[=[BALp, [ 00 Alg/! [[BXIp!l(k—1)X lgl
(k—1) [+ [BBIip,! 00 Flg/l |[MUip! (kK)Vig /!l (k)]
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State feedback ordering policy Wy

* The ordering policy can be obtained by
designing a state feedback stabilizing

. dqp,l(k)
controller using approaches from the ¢=12-m dpa(h),
control systems theory literature. — . o Customer | @
‘ 1
 There is arich literature available for %ol Vu®  x, Upa(k)

designing a stabilizing controller for
dynamical system. |
[B&UIpl (k)&Vigl (k) |[=Klorder [M&XIip,/ (A?&/I’ Ig,l (k)]

Ordering policy




Simulation Model

* The discrete time model is used to design a simulation model for the

complete supply chain.

* |n this work, Simulink® toolbox SimEvents® from MathWorks® has

been used to design a simu
presented in the previous s

* The simulation model simu

ation model using the dynamic model
ide.

ates various scenarios for the supply chain

problem and allows operational managers to systematically order and
route the resources based on the expected future orders.

* The primary benefit of the proposed simulation model

* it can be used to determine initial resource allocation,

* and optimum routing policy to keep the system stable by simulating a
number of possible scenarios under uncertainties.



Model Attributes

 Demand originated at the customer locations i.e. demand rate and
guantity, and transportation time are considered as a random
variable assuming Gaussian distribution.

* The model also considers cost of the operation, i.e.
* Cost of Storage.
* Cost of Transport.
* Cost of failure to meet order time.
» Cost of purchase of packages from main supplier.
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Simulation Model
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Simulation operation

* Once the demand appears at the customer location, it is processed by
the PSC which determines the quantity required from different
locations based on meeting the demand with minimum cost and the
required delivery (order) time.

* when packages are arrived and utilized at the customer locations,
* it could remain at the customer location for any future need
* or may be returned to the nearest distributor location according to the given
policy.
* These two cases are compared in the optimisation model and the

minimum cost case is implemented by considering.
* the cost and time of returning and storing to the distributor locations
e storing at the current customer location.
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Simulation initialisation =T

| Block Parameters: Initialize Subsystem X

* Current resources available at the distributor Peremetars A
Resourse at prime service contractor 1

and customer locations. i |
* Transportation time from one location to P |

Resourse at prime service contractor 3

another location. pecs |
Resourse at customer 1

» Total quantity of packages required. e |

Resourse at customer 2

* Required delivery time. 12 |

Resourse at customer 3

* Cost of holding packages at different locations. B |

Transport time from PSC1
* Uncertainty level in demand rate. S — |
* Number of packages required and their use e — |
. L12 |
tl m e * Transport time from Customer 3
Simulation run time.

L13 |

Total demand
IN11 |

Variation in demans

Cancel Help Apply



Simulation Results

* The result shows the demand and supply of packages during one year

* The result can be seen in two output formats:
* Matlab output screen.
e Simulink graphical viewer.

 The Matlab screen output shows the amount of current packages

available at different locations and the transportation time to meet
the demand.

* The Matlab screen output also shows the optimum ordering policy
i.e. the number of packages required from each location.

 The Simulink output shows the number of packages supplied from
each location along with their usage time.
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Matlab Screen Output

Demand 1= 27 units for customer 1 on day 0 to use for 7 days Demand 1= 27 units from customer 3 on day 70 to use for 4 days
Current resource available Current resource available
pPsCcl, Psc2, PSC3, Customer 1, Customer 2, Customer 3 PSCl, PSc2, PSC3, Customer 1, Customer 2, Customer 3
10 5 5 0 3 2 12 5 5 27 0 0
Current Resources are not enough. Resources are ordered from the main supplier. Optimum resource demand from each available resource
Optimum resource demand from each available resource PScl, Psc2, PSC3, Customer 1, Customer 2, Customer 3
pPSCl1, PSc2, PSC3, Customer 1, Customer 2, Customer 3 12 0 0 15 0 0
12 5 5 0 3 2

Transport time = 2
Transport time = 2

Resources are acquired at day 20 and now gsept. ~______ I S e

Current resource available after order from plant Demand 1= 27 units from customer 2 on day 92 to use for 7 days
pPSC1, PSsc2, PSC3, Customer 1, Customer 2, Customer 3 Current resource available
12 5 5 0 3 2 PSC1, PSC2, PSC3, Customer 1, Customer 2, Customer 3
12 5 5 12 0 27

Optimum resource demand from each available resource

Demand 2= 27 units for customer 1 on day 53 to use for 8 days PScl, Psc2, PSC3, Customer 1, Customer 2, Customer 3
Current resource available 12 3 0 12 0 0
pPSC1, PSc2, PSC3, Customer 1, Customer 2, Customer 3

0 0 0 27 0 0 Transport time = 2

Number of days resource held after using by cutomers e

24 Demand 3= 23 units for customer 1 on day 106 to use for 2 days
Current resource available
Optimum resource demand from each available resource PSC1, PSC2, PSC3, Customer 1, Customer 2, Customer 3
pPSCl1, PScC2, PSC3, Customer 1, Customer 2, Customer 3 12 5 5 0 27 27
0 0 0 27 0 0

Number of days resource held after using by cutomers
Transport time = 0.5 44.5000
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Simulink Graph Output




* |f the results shows that the accumulation of packages becoming high as
time progresses at the customer or distributor locations or the delivery
time is not met, or it is required to order packages from the main supplier
during the operation, then it means that the system may become unstable.
Therefore, a revised policy may be needed.

* The results can be can be presented in various ways.

* The simulation result can be customized using different simulation output
from Simulation library based on the operational manager preference.

* |n addition, a Monte Carlo type simulation using the proposed
mathematical model can also be developed to simulate various scenarios
together for better risk management under demand and supply
uncertainties.



Conclusion

* Developed a linear discrete time control theoratic model of a supply
chain with multiple supply nodes and pure delays.

* The model presented here can be used to develop an optimal
ordering policy so that the entire system remains stable.

* In addition to the mathematical model of the supply chain, a
simulation model is also developed using Simulink” toolbox
SimEvents”.

* The simulation model is shown to test optimum ordering and routing
policies.

* The simulation model can be used to implement and test and
compare various other ordering policies.
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