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Flexible supply chain planning is an efficient Assuming POSSibIe Disruptions in a GIObaI Supply Chain
waytocopewitthture uncertainties.ourfocuslies s o e —

on low-frequency ana high-impact supply 0 N
chain risks. Future potential catastrophic disruptions are Weathm;

forecasted based on Supply Chain internal and rsa'ﬁam 'Ne S,,_

external Big Data analyses. uncertainties are =

modeled by a Multi-stage scenario tree. an
objective function and constraints are defined in a SC€NaA-
rio-based multi-stage stochastic pro-
gramming model. after creating the scenario tree and
the stochastic programming model, a set of h igh'q uality
feasible solutions (purchasing plan, production plan,
transportation plan, distribution plan, etc. which merge into a | | —— — -~ — 1% ™
supply chain plan) are generated by PYOMO. 1he supply “;:-1-:_ e I\ TN e .
chain plan is adopted into practice on a roIIing ho- ' | 4o S kil -
rizon. Re-planning becomes necessary once €W ¢ - d [ —

information is available. s Z — e
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Assumption 3: At the most important port of Country C a
huge explosion might destroy large parts of all facilities. Goods,
containers and also ships are concerned.

Assumption 2: Due to an earthquake all production facili-
ties in Country B might be destroyed. The Infrastructure might
also be broken down.

Assumption 1: in Country A a coup d‘état and its subse-
quent civil war might lead to a breakdown in all economic
activities.

Scenario Tree Stochastic Programming

BIG Objective Function: Decision Variables: Supply Chain Cost Functions:
C:¢ = Z:J'ENPIUIJNAS"“ EPEPM'““IM C;”’C . QIF;;;‘T (materials purchasing cost)
) + 3 s e spFinat Do ng Comrel - Qinter  (international trans cost
i 1st stage variables: Tog <t < Ty + Tis 2(0)¢ Comie 2pe pe e Z,,TE:; o wim _ )
1st 2nd Clnland - ylnla =]
i . min TC + P * TC (1) . . + Z[J‘J}E Canpitand ZPFP i Qtpi:]' (”'I and trans CGSt}
Scena;lo 1: based on porecd E : s s 2nd stage variables: Top+ T <t < Tf + Y S e CO - QPP (processing cost)
orecasts a seS ieNFre 2ape P! i Wip
rorec | 0. oA -
Q;‘}'m: Purchasing quantity of material p € PM% 4t node j € N4 U NP at b e nasm EPEP:"’C‘C’E G Q" (assembling cost)
. timete T 3 P A Do o pMataial Caror8e . | Material (materials storage cost)
Probability 1.2 Ist Stage Costs: p | _ c | e stamage . jCore
: Q;, . Processing quantity of component p € P~ at the processing center D e nProy s Zpept‘m pi ol (components storage cost)
Scenario 2: based on 1st sc ne N attimete T + D ienasmuNFinat D pe pinat Cj,-mrage i (final products storage cost)
.—— ) h I , ;
forecasts X! ™ = E : Ct (2) Qf}jm: Assembling quantity of the final product p € P'™ at assembling center + D7) Conntrer 2_pe pjNade Domenm € Vo - Qugiim (capital holding cost)
ility 2. To<t<To+T; i€ N7 at time t € T +3 C" .V, - Qlrtand (capital holdi t)
Probab|\| 0<t< To+Tist i at time ()€ Conntniand D pe phiode i+ Qui cap olding cos
- Q"er - Transportation quantity of product p € P on international + Zp;:.nﬁ'mf 2 ieNDis Cpsmc'km ' f;;fmf (stockout cost of final products)
Probability 2 pi ,
S . Probability 2.2 2 n d Stage COStS transportation link (i, j) € Conn'™ launched at time t € T with transportation
) ) mode m e M
forecasts . 1 .
(for eaCh scenario s € S: Qigff”d: Transportation quantity of product p € P StOChaStIC Parameters'
on inland transportation link (i, ) € Conn'™and
PrObabiIity n.l Tc2ﬂd' i Z CSC (3) launched at time t & T S: Stochastic scenario set
s - t
To+ T <t<Ty T:;""g : The disruptive event of scenario s € S breaks out at node

i € N at time T2*"®

Ts‘}'"’ : The disruptive event of scenario s € S at node i € N will
last for a time period of T4“r

Q:,-’"g : The up-bound capacity of scenario s € S at node i € N

during the time period of disruption when
T < t< T+ T
thpi: Predictive demand of final products p € PFinal at

distribution center i € N9 at time t € (To + T1s, T¢] under
scenario s € S

Ps: The probability of scenario s

Flexible Supply Chain adopted in a Rolling Planning Horizon

upper bound’of predicted demand 3

For the last step PYOMO, a Python-based,
open-source optimization modeling lan- upper bound of predicted demand 1 7 REfe re n Ce S .
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guage with a diverse set of optimization
capabilities, is used. The high-quality fea- |
sible solutions obtained by implementing P
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the structure of the scenario tree and the ”
”’

Rolling Planning Horizon

stochastic model into PYOMO are merged
into a supply chain plan. This plan cont-
ains sub-plans like the purchasing plan,
the production plan, the transportation
plan, the distribution plan, etc. The sup-
ply chain plan is adopted into practice on a
rolling horizon. a rolling horizon consists
of a set of adjusted supply chain plans.
Whenever there is new information availa- - -
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ble in forms of big data, the whole process - - .'

of creating scenario trees and determining ~ N - - - — :

. . : . . ~ .
decisions via the stochastic programming -~

tain the set of supply chain plans. Simula-
tion results show that supply chain plans
generated in this way can help to save 5
up to 64 percent of a supply chain‘s costs. .
This has been found by analyzing the costs TI me 0O .' Tl me 1
of supply chain plans from multi-scenario :
modeling by comparing three benchmarks:
a pessimistic, an optimistic, and an avera-
ge scenario.
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model has to be repeated in order to ob- |
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lower bound of ﬁedicted demand 2
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