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SimQRi	Project	Context		
•  Our	context:	SimQRi		CORNET	project	-	hUp://simqri.ce%c.be		

•  Quan%ta%ve	Risk	Management	in	Supply	Chains	
•  Main	goal:	

•  Develop	a	prac%cal	tool-supported	methodology	to	help	SMEs	
assessing	the	risks	and	mi%ga%ng	their	impact	in	the	produc%on	
process	

•  Main	output:	modelling	and	simula%on	toolbox	
•  Modelling	supply	chains	
•  Iden%fying	delay,	quan%ty,	bad	quality,…	
•  Simulate	alterna%ve	designs	to	reduce	risk	
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SimQRi	Simula%on	Framework:	meta-model	
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Tool	Demo	

Modelling	with	SimQRi	tools		
(The	Eclipse	one)	
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SimQRi	Simula%on	Framework:	Query	
Language	
•  Queries	for	Processes:	atomic	operators	extrac%ng	basic	metrics	from	processes	

•  completedBatchCount(p)	the	total	number	of	batches	performed	by	p.	
•  startedBatchCount(p)	the	number	of	(all)	batches	started	by	p.		
•  totalWaitDura%on(p)	the	total	dura%on	where	p	was	not	running	un%l	%me	t	(on	all	lines)	
•  meanLoad(p)	is	the	ra%o	between	of	the	completed	batches	and	the	total	capacity	
•  anyBatchStarted(p)	true	if	a	batch	was	started	by	the	process	at	%me	t	
•  …	

•  Queries	for	Storages:	are	atomic	operators	that	extract	basic	metrics	from	stores	
•  empty(s)	true	if	s	is	empty	at	%me	t,	false	otherwise.	
•  content(s)	the	number	of	items	in	s	at	%me	t.	
•  capacity(s)	the	(fixed)	maximal	capacity	of	s.	
•  totalPut(s)	the	number	of	items	put	into	s	un%l	%me	t,	not	coun%ng	the	ini%al	ones.	
•  totalFetch(s)	the	number	of	items	fetched	from	s	un%l	%me	t.	
•  totalLostByOverflow(s)	the	number	of	items	lost	by	overflow	from	s	un%l	%me	t.	
•  …	

•  Operators:	Complex	queries	can	be	built	using	following	operators	
•  logical:	true,false,not(!),and(&),or(k),<,>,...	
•  temporal	logic:	hasAlwaysBeen,hasBeen,since,...	
•  arithme%c:	+,	−,	∗,/,sum,...	
•  temporal	arithme%c:	%me,min,max,avg,integral…	

5	



www.ce%c.be	

Tool	Demo	

Queries	in	SimQRi	tools	
(The	Eclipse	one)	
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Global	Cost	Op%misa%on	Example	
•  Given	the	process	we	have	presented	earlier	

•  Each	%	of	element	in	trash	ager	rework	costs	200	PU	
•  Each	%me	unit	costs	10	PU	

• What	is	the	op%mum	recycling	rate	of	«	Disassembly	»	process	
•  Demo	in	the	tool	+	Excel	sheet		
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Order	Treshold	Op%misa%on	Example	
•  Given	the	process	we	have	presented	earlier	where	each	supplier	
has	a	delay	of	10	days	(mean	value	of	Gaussian	law,	2	days	of	std	
dev)	
• What	is	the	op%mum	order	treshold	for	the	different	storages?		
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Order	Treshold	Op%misa%on	Example	
•  Given	the	process	we	have	presented	earlier	where	each	supplier	
has	a	delay	of	10	days	(mean	value	of	Gaussian	law,	2	days	of	std	
dev)	
• What	is	the	op%mum	order	treshold	for	the	different	storages?		
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Value	 Idle	0me	of	produc0on	process	

10	parts	 26%	

20	parts	 4%	

30	parts	 0%	
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Behind	the	Scenes	
•  Monte	Carlo	techniques	for	aggrega%ng	results	
•  Efficient	query	evalua%ons	

•  Incremental	evalua%on	throughout	the	simula%on	run	
•  Minimal	updates	

•  Update	only	the	relevant	fragment	of	queries	
•  Non	accumula%ng	expressions	(e.g.	+):	evaluated	only	at	the	end	
•  Accumula%ng	expressions:	evaluated	at	each	step	

•  BoUom-up	updates	to	allow	the	sharing	of	sub-queries	
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Behind	the	Scenes	(cont’d)	
•  Algorithm	overview	

1.  Instan%ate	the	model	and	all	the	queries	into	the	engine	
2.  Perform	one-shot	analysis	on	the	structure	of	the	queries	in	order	

to	label	each	sub-expression	as	accumula%ng	or	non-	
accumula%ng	

3.  Put	accumula%ng		expressions	an	evalua%on	list	(also	captures	the	
order	to	follow	when	upda%ng	them	at	each	step)	

4.  At	each	step	of	the	simula%on,	update	the	accumula%ng	
expressions	are	updated	following	the	evalua%on	list	

5.  At	the	end	of	the	simula%on	run,	update	the	non-accumula%ng	
expressions,	following	a	similar	boUom-up	process	
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Our	Tools	
• Web-based	version:	hUps://simqri.ce%c.be/	
•  Desktop	version:	Eclipse	plugin	based	on	Sirius	
•  Shared	architecture	
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Web-based	Version	
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Eclipse	Version	
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Conclusion	
•  We	defined	a	meta-model	for	manufacturing	processes	based	on	
Discrete	Event	Simula%on	with	stochas%c	behaviour.	

•  Based	on	it,	we	developed	a	query	language	for	expressing	supply	risks	
•  Rich,	extensible,	efficient	to	evaluate	

•  Monte	Carlo	techniques	for	aggrega%ng	results	of	simula%ons,	including	
queries.	

•  Two	implementa%ons		
•  Web-based	using	OscaR-DES,	Scalatra,	MongoDB,	Bootstrap,	JQuery	and	
JointJS	

•  Desktop-based	using	OscaR-DES,	Eclipse	Modelling	Framework	and	Sirius	

•  Available	at	hUps://simqri.ce%c.be/	
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Tool	homepage:	hUps://simqri.ce%c.be	
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