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Introduc)on


•  The	supply	system	is	a	dynamical	system	with	
a	range	of	lead	>mes	and	varying	delays	
between	supply	nodes.		

•  The	demand	and	supply	of	such	a	system	vary	
with	>me	and	require	an	effec>ve	
distribu>on	and	management	policy	to	deal	
with	all	varia>ons.		

•  In	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.	 Image	credit	pixabay.com	



Introduc)on

•  Supply	chain	systems	are	
mul>dimensional	and	there	are	several	
factors	which	affect	the	system	stability.	

•  In	order	to	systema>cally	address	this	
problem,	researchers	have	proposed	
various	dynamical	modelling	and	
simula>on	approaches.	

•  The	modelling	and	simula>on	approach	in	
this	paper	is	based	on	the	control	theory	
approach	where	ordering	policy	is	
determined	through	feedback	which	is	a	
func>on	of	the	system	states	and	demand	
from	customer.		

Image	credit	pixabay.com	



Outline


• Problem	statement.	

• Control	theore>c	model.	

•  System	simula>on	model.	

•  Simula>on	results.	

• Conclusion.	

	



Problem Statement


•  Distribu>on	of	several	packages	to	customers	at	several	loca>ons	managed	
by	a	Prime	Service	Contractor	(PSC).	

•  There	are	𝑛	customer	loca>ons,	𝑚 distributor	loca>ons,	and	𝑙	types	of	
packages.	

•  A	customer	requests	packages	and	PSC	considers	all	the	available	
resources	at	different	loca>ons	and	chooses	an	op>mum	ordering	policy	as	
well	as	the	most	cost-effec>ve	delivery	route	depending	on	the	>me	
required	to	deliver,	and	the	cost	of	delivery.	

•  Each	loca>on	has	different	lead	>mes	for	the	delivery.	
•  Packages	are	re-usable.	
	The	main	objec1ve	is	to	help	opera1on	managers	to	obtain	cost-effec1ve	
ordering	and	resource	rou1ng	policies	such	that	system	remains	stable.	



Supply chain dynamics




Dynamic Model


•  Stocked	package	dynamic	equa>on	for	customer	loca>on:		
	
​𝑆↓𝑝,𝑙 (𝑘)= ​𝑆↓𝑝,𝑙 (𝑘−1)+∑█𝑗=1⁠𝑗≠𝑝 ↑𝑛▒​𝑃↓𝑗𝑝,𝑙 (𝑘− ​​𝑇𝑢↓𝑗,𝑙 −𝑇𝑑↓𝑗𝑝,𝑙 )
+  ∑𝑖=1↑𝑚▒​𝑃↓𝑖𝑝,𝑙 (𝑘− ​𝐷↓𝑖𝑛,𝑙 ) − ​𝑃↓𝑝,𝑙 (𝑘)− ​𝑑↓𝑝,𝑙 (𝑘)	
•  Stocked	package	dynamic	equa>on	for	distributor	loca>on:	
	
​𝐷↓𝑞,𝑙 (𝑘)= ​𝐷↓𝑞,𝑙 (𝑘−1)+ ​𝑃↓𝑞,𝑙  (𝑘−𝑇​𝐿↓𝑞,𝑙 )+ ​𝑃↓𝑞,𝑙 (𝑘− ​𝐷↓𝑖𝑛,𝑙 )− 
∑𝑗=1↑𝑛▒​𝑑↓𝑞,𝑗,𝑙 (𝑘−1) 	



Augmented Dynamics

•  Augmented	customer	dynamics	

	 ​𝑋↓𝑝,𝑙 (𝑘)= ​𝐴↓𝑝,𝑙  ​𝑋↓𝑝,𝑙 (𝑘−1)+ ​𝐵↓𝑝,𝑙  ​𝑈↓𝑝,𝑙 (𝑘)	− ​𝑑↓𝑝,𝑙 (𝑘), 	
	 	 	 ​𝑌↓𝑝,𝑙 (𝑘)= ​𝐶↓𝑝,𝑙  ​𝑋↓𝑝,𝑙 (𝑘−1)+ ​𝐷↓𝑝,𝑙  ​𝑈↓𝑝,𝑙 (𝑘),	

•  Augmented	distributor	dynamics	

	 ​​𝑋 ↓𝑞,𝑙 (𝑘)= ​​𝐴 ↓𝑞,𝑙  ​​𝑋 ↓𝑞,𝑙 (𝑘−1)+ ​​𝐵 ↓𝑞,𝑙  ​𝑉↓𝑞,𝑙 (𝑘)		 	 	
	 	 ​​𝑌 ↓𝑞,𝑙 (𝑘)= ​​𝐶 ↓𝑞,𝑙  ​​𝑋 ↓𝑞,𝑙 (𝑘−1)+ ​​𝐷 ↓𝑞,𝑙  ​𝑉↓𝑞,𝑙 (𝑘)	

•  Augmented	system	model	


[█​𝑋↓𝑝,𝑙 (𝑘) ⁠​​𝑋 ↓𝑞,𝑙 (𝑘) ]=[█​𝐴↓𝑝,𝑙  0⁠0  ​ ​𝐴 ↓𝑞,𝑙  ][█​𝑋↓𝑝,𝑙 (𝑘−1) ⁠​​𝑋 ↓𝑞,𝑙 
(𝑘−1) ]+[█​𝐵↓𝑝,𝑙   0⁠0  ​​𝐵 ↓𝑞,𝑙  ][█​𝑈↓𝑝,𝑙 (𝑘) ⁠​𝑉↓𝑞,𝑙 (𝑘) ]	



State feedback ordering policy 


[█&​𝑈↓𝑝,𝑙 (𝑘) ⁠&​​𝑉↓𝑞,𝑙 (𝑘) ]= ​𝐾↓𝑜𝑟𝑑𝑒𝑟 [█&​𝑋↓𝑝,𝑙 (𝑘) ⁠&​​𝑋 ↓𝑞,𝑙 (𝑘) ]	

•  The	ordering	policy	can	be	obtained	by	
designing	a	state	feedback	stabilizing	
controller	using	approaches	from	the	
control	systems	theory	literature.		

•  There	is	a	rich	literature	available	for	
designing	a	stabilizing	controller	for	
dynamical	system.	



Simula)on Model

•  The	discrete	>me	model	is	used	to	design	a	simula>on	model	for	the	
complete	supply	chain.		

•  In	this	work,	Simulink®	toolbox	SimEvents®	from	MathWorks®	has	
been	used	to	design	a	simula>on	model	using	the	dynamic	model	
presented	in	the	previous	slide.	

•  The	simula>on	model	simulates	various	scenarios	for	the	supply	chain	
problem	and	allows	opera>onal	managers	to	systema>cally	order	and	
route	the	resources	based	on	the	expected	future	orders.	

•  The	primary	benefit	of	the	proposed	simula>on	model		
•  it	can	be	used	to	determine	ini>al	resource	alloca>on,		
•  and	op>mum	rou>ng	policy	to	keep	the	system	stable	by	simula>ng	a	
number	of	possible	scenarios	under	uncertain>es.	



Model A?ributes

• Demand	originated	at	the	customer	loca>ons	i.e.	demand	rate	and	
quan>ty,		and	transporta>on	>me	are	considered	as	a	random	
variable	assuming	Gaussian	distribu>on.		

•  The	model	also	considers	cost	of	the	opera>on,	i.e.	
•  Cost	of	Storage.	
•  Cost	of	Transport.	
•  Cost	of	failure	to	meet	order	1me.		
•  Cost	of	purchase	of	packages	from	main	supplier.		



Simula)on Model




Simula)on opera)on

• Once	the	demand	appears	at	the	customer	loca>on,	it	is	processed	by	
the	PSC	which	determines	the	quan>ty	required	from	different	
loca>ons	based	on	mee>ng	the	demand	with	minimum	cost	and	the	
required	delivery	(order)	>me.		

• when	packages	are	arrived	and	u>lized	at	the	customer	loca>ons,		
•  it	could	remain	at	the	customer	loca>on	for	any	future	need		
•  or	may	be	returned	to	the	nearest	distributor	loca>on	according	to	the	given	
policy.		

•  These	two	cases	are	compared	in	the	op>misa>on	model	and	the	
minimum	cost	case	is	implemented	by	considering.	
•  the	cost	and	>me	of	returning	and	storing	to	the	distributor	loca>ons		
•  storing	at	the	current	customer	loca>on.	



Simula)on ini)alisa)on


•  Current	resources	available	at	the	distributor	
and	customer	loca>ons.	

•  Transporta>on	>me	from	one	loca>on	to	
another	loca>on.	

•  Total	quan>ty	of	packages	required.	
•  Required	delivery	>me.	
•  Cost	of	holding	packages	at	different	loca>ons.	
•  Uncertainty	level	in	demand	rate.	
•  Number	of	packages	required	and	their	use	
>me.	

•  Simula>on	run	>me.	



Simula)on 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.	
•  Simulink	graphical	viewer.	

•  The	Matlab	screen	output	shows	the	amount	of	current	packages	
available	at	different	loca>ons	and	the	transporta>on	>me	to	meet	
the	demand.	

•  The	Matlab	screen	output	also	shows	the	op>mum	ordering	policy	
i.e.	the	number	of	packages	required	from	each	loca>on.	

•  The	Simulink	output	shows	the	number	of	packages	supplied	from	
each	loca>on	along	with	their	usage	>me.	



Matlab Screen Output




Simulink Graph Output




•  If	the	results	shows	that	the	accumula>on	of	packages	becoming	high	as	
>me	progresses	at	the	customer	or	distributor	loca>ons	or	the	delivery	
>me	is	not	met,	or	it	is	required	to	order	packages	from	the	main	supplier	
during	the	opera>on,	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	simula>on	result	can	be	customized	using	different	simula>on	output	
from	Simula>on	library	based	on	the	opera>onal	manager	preference.	

	
•  In	addi>on,	a	Monte	Carlo	type	simula>on	using	the	proposed		

mathema>cal	model	can	also	be	developed	to	simulate	various	scenarios	
together	for	beWer	risk	management	under	demand	and	supply	
uncertain>es.	



Conclusion


• Developed	a	linear	discrete	>me	control	theora>c	model	of	a	supply	
chain	with	mul>ple	supply	nodes	and	pure	delays.		

•  The	model	presented	here	can	be	used	to	develop	an	op>mal	
ordering	policy	so	that	the	en>re	system	remains	stable.	

•  In	addi>on	to	the	mathema>cal	model	of	the	supply	chain,	a	
simula>on	model	is	also	developed	using	Simulink®	toolbox	
SimEvents®.		

•  The	simula>on	model	is	shown	to	test	op>mum	ordering	and	rou>ng	
policies.		

•  The	simula>on	model	can	be	used	to	implement	and	test	and	
compare	various	other	ordering	policies.	
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