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Constraint Solving

• SMT solving is a natural fit


• Writing SMT models by hand is 
cumbersome


•

• UI for operators to control 
printing systems


• Large configuration spaces


• For a product line of systems
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Language Engineering

• SMT solving is a natural fit


• Writing SMT models by hand is 
cumbersome


• DSL, with translation to SMT

• UI for operators to control 
printing systems


• Large configuration spaces


• For a product line of systems
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Introduction of CSX 1.0 (SEFM’22)

declarative semantics, denotational 
semantics in terms of SMT constraints

Evaluating CSX 2.0 in practice (under submission)

Extending CSX's coverage, evaluation of 
coverage, accuracy, performance, and relevance
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Stitch
right edge

Rotate
0° or 90°Input Stitched Output

[120mm ≤ width ≤ 450mm]
[150mm ≤ height ≤ 320mm]

|
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Scenario: input A4 portrait, rotate 0°
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Stitch
right edge

Rotate
0° or 90°Input Stitched Output

[120mm ≤ width ≤ 450mm]
[150mm ≤ height ≤ 320mm]

|
Scenario: output A4 portrait, edge at bottom

|
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Stitch
right edge

Rotate
0° or 90°Input Stitched Output

[120mm ≤ width ≤ 450mm]
[150mm ≤ height ≤ 320mm]

|
Scenario: output A3 portrait, edge at bottom

|
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Stitch
right edge

Rotate
0° or 90°Input Stitched Output

[120mm ≤ width ≤ 450mm]
[150mm ≤ height ≤ 320mm]

|

Scenario: output A3 landscape, edge at bottom

|
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Edge Stitching in CSX
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type	Sheet	{	
		width:	int,		[width	>	0],	
		height:	int,	[height	>	0]	
}	
		
type	StitchedStack	{	
		sheets:	list<Sheet>,	
		stitchEdge:	edge	
}	
		
action	Stitcher(input:	list<Sheet>,	
																output:	StitchedStack)	{	
		[size(input)	>=	2]	//	At	least	two	sheets	required	for	stitching	
		parameter	stitchEdge:	edge	
		[output.sheets	==	input]	
		[output.stitchEdge	==	stitchEdge]	
}	
		
device	EdgeStitcher	{	
		location	input:	list<Sheet>	
		
		[size(input)	<=	10]	//	Max	number	of	sheets	
		
		[input.forall	{	sheet	=>	
				//	Min	and	max	sheet	sizes	
				sheet.width	>=	1200	and	sheet.height	>=	1500	and	
				sheet.width	<=	4500	and	sheet.height	<=	3200	
		}]	
		
		component	stitcher	=	Stitcher(input,	stitched)	{}	
		
		//	This	device	can	only	stitch	on	the	right	edge	
		[stitcher.stitchEdge	==	right]	
		
		location	stitched:	StitchedStack	
		
		parameter	rotation:	orientation	
		[rotation	==	rot0	or	rotation	==	rot90]	
		
		[output.sheets.forall	{	sheet	=>	
				(rotation	==	rot0	implies	sheet	==	stitched.sheets[index])	
				and	
				(rotation	==	rot90	implies	(	
						//	Swap	width	and	height	in	case	of	90	degrees	rotation	
						sheet.width		==	stitched.sheets[index].height	and	
						sheet.height	==	stitched.sheets[index].width	
				))	
		}]	
		[size(output.sheets)	==	size(stitched.sheets)]	
		
		[output.stitchEdge	==	orientate(stitched.stitchEdge,	rotation)]	
		
		location	output:	StitchedStack	
}
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type	Sheet	{	
		width:	int,		[width	>	0],	
		height:	int,	[height	>	0]	
}	
		
type	StitchedStack	{	
		sheets:	list<Sheet>,	
		stitchEdge:	edge	
}	
		
action	Stitcher(input:	list<Sheet>,	
																output:	StitchedStack)	{	
		[size(input)	>=	2]	//	At	least	two	sheets	required	for	stitching	
		parameter	stitchEdge:	edge	
		[output.sheets	==	input]	
		[output.stitchEdge	==	stitchEdge]	
}	
		
device	EdgeStitcher	{	
		location	input:	list<Sheet>	
		
		[size(input)	<=	10]	//	Max	number	of	sheets	
		
		[input.forall	{	sheet	=>	
				//	Min	and	max	sheet	sizes	
				sheet.width	>=	1200	and	sheet.height	>=	1500	and	
				sheet.width	<=	4500	and	sheet.height	<=	3200	
		}]	
		
		component	stitcher	=	Stitcher(input,	stitched)	{}	
		
		//	This	device	can	only	stitch	on	the	right	edge	
		[stitcher.stitchEdge	==	right]	
		
		location	stitched:	StitchedStack	
		
		parameter	rotation:	orientation	
		[rotation	==	rot0	or	rotation	==	rot90]	
		
		[output.sheets.forall	{	sheet	=>	
				(rotation	==	rot0	implies	sheet	==	stitched.sheets[index])	
				and	
				(rotation	==	rot90	implies	(	
						//	Swap	width	and	height	in	case	of	90	degrees	rotation	
						sheet.width		==	stitched.sheets[index].height	and	
						sheet.height	==	stitched.sheets[index].width	
				))	
		}]	
		[size(output.sheets)	==	size(stitched.sheets)]	
		
		[output.stitchEdge	==	orientate(stitched.stitchEdge,	rotation)]	
		
		location	output:	StitchedStack	
}

type	Sheet	{	
		width:	int,		[width	>	0],	
		height:	int,	[height	>	0]	
}	
		
type	StitchedStack	{	
		sheets:	list<Sheet>,	
		stitchEdge:	edge	
}

User-defined types
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type	Sheet	{	
		width:	int,		[width	>	0],	
		height:	int,	[height	>	0]	
}	
		
type	StitchedStack	{	
		sheets:	list<Sheet>,	
		stitchEdge:	edge	
}	
		
action	Stitcher(input:	list<Sheet>,	
																output:	StitchedStack)	{	
		[size(input)	>=	2]	//	At	least	two	sheets	required	for	stitching	
		parameter	stitchEdge:	edge	
		[output.sheets	==	input]	
		[output.stitchEdge	==	stitchEdge]	
}	
		
device	EdgeStitcher	{	
		location	input:	list<Sheet>	
		
		[size(input)	<=	10]	//	Max	number	of	sheets	
		
		[input.forall	{	sheet	=>	
				//	Min	and	max	sheet	sizes	
				sheet.width	>=	1200	and	sheet.height	>=	1500	and	
				sheet.width	<=	4500	and	sheet.height	<=	3200	
		}]	
		
		component	stitcher	=	Stitcher(input,	stitched)	{}	
		
		//	This	device	can	only	stitch	on	the	right	edge	
		[stitcher.stitchEdge	==	right]	
		
		location	stitched:	StitchedStack	
		
		parameter	rotation:	orientation	
		[rotation	==	rot0	or	rotation	==	rot90]	
		
		[output.sheets.forall	{	sheet	=>	
				(rotation	==	rot0	implies	sheet	==	stitched.sheets[index])	
				and	
				(rotation	==	rot90	implies	(	
						//	Swap	width	and	height	in	case	of	90	degrees	rotation	
						sheet.width		==	stitched.sheets[index].height	and	
						sheet.height	==	stitched.sheets[index].width	
				))	
		}]	
		[size(output.sheets)	==	size(stitched.sheets)]	
		
		[output.stitchEdge	==	orientate(stitched.stitchEdge,	rotation)]	
		
		location	output:	StitchedStack	
}

action	Stitcher(input:	list<Sheet>,	
																output:	StitchedStack)	{	
		[size(input)	>=	2]	//	At	least	two	sheets	required	for	stitching	
		parameter	stitchEdge:	edge	
		[output.sheets	==	input]	
		[output.stitchEdge	==	stitchEdge]	
}

Actions
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type	Sheet	{	
		width:	int,		[width	>	0],	
		height:	int,	[height	>	0]	
}	
		
type	StitchedStack	{	
		sheets:	list<Sheet>,	
		stitchEdge:	edge	
}	
		
action	Stitcher(input:	list<Sheet>,	
																output:	StitchedStack)	{	
		[size(input)	>=	2]	//	At	least	two	sheets	required	for	stitching	
		parameter	stitchEdge:	edge	
		[output.sheets	==	input]	
		[output.stitchEdge	==	stitchEdge]	
}	
		
device	EdgeStitcher	{	
		location	input:	list<Sheet>	
		
		[size(input)	<=	10]	//	Max	number	of	sheets	
		
		[input.forall	{	sheet	=>	
				//	Min	and	max	sheet	sizes	
				sheet.width	>=	1200	and	sheet.height	>=	1500	and	
				sheet.width	<=	4500	and	sheet.height	<=	3200	
		}]	
		
		component	stitcher	=	Stitcher(input,	stitched)	{}	
		
		//	This	device	can	only	stitch	on	the	right	edge	
		[stitcher.stitchEdge	==	right]	
		
		location	stitched:	StitchedStack	
		
		parameter	rotation:	orientation	
		[rotation	==	rot0	or	rotation	==	rot90]	
		
		[output.sheets.forall	{	sheet	=>	
				(rotation	==	rot0	implies	sheet	==	stitched.sheets[index])	
				and	
				(rotation	==	rot90	implies	(	
						//	Swap	width	and	height	in	case	of	90	degrees	rotation	
						sheet.width		==	stitched.sheets[index].height	and	
						sheet.height	==	stitched.sheets[index].width	
				))	
		}]	
		[size(output.sheets)	==	size(stitched.sheets)]	
		
		[output.stitchEdge	==	orientate(stitched.stitchEdge,	rotation)]	
		
		location	output:	StitchedStack	
}

device	EdgeStitcher	{	
		location	input:	list<Sheet>	

		...	

		
		location	stitched:	StitchedStack																		
		
		...	

		parameter	rotation:	orientation	
		
		...	

		location	output:	StitchedStack	
}

Devices
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type	Sheet	{	
		width:	int,		[width	>	0],	
		height:	int,	[height	>	0]	
}	
		
type	StitchedStack	{	
		sheets:	list<Sheet>,	
		stitchEdge:	edge	
}	
		
action	Stitcher(input:	list<Sheet>,	
																output:	StitchedStack)	{	
		[size(input)	>=	2]	//	At	least	two	sheets	required	for	stitching	
		parameter	stitchEdge:	edge	
		[output.sheets	==	input]	
		[output.stitchEdge	==	stitchEdge]	
}	
		
device	EdgeStitcher	{	
		location	input:	list<Sheet>	
		
		[size(input)	<=	10]	//	Max	number	of	sheets	
		
		[input.forall	{	sheet	=>	
				//	Min	and	max	sheet	sizes	
				sheet.width	>=	1200	and	sheet.height	>=	1500	and	
				sheet.width	<=	4500	and	sheet.height	<=	3200	
		}]	
		
		component	stitcher	=	Stitcher(input,	stitched)	{}	
		
		//	This	device	can	only	stitch	on	the	right	edge	
		[stitcher.stitchEdge	==	right]	
		
		location	stitched:	StitchedStack	
		
		parameter	rotation:	orientation	
		[rotation	==	rot0	or	rotation	==	rot90]	
		
		[output.sheets.forall	{	sheet	=>	
				(rotation	==	rot0	implies	sheet	==	stitched.sheets[index])	
				and	
				(rotation	==	rot90	implies	(	
						//	Swap	width	and	height	in	case	of	90	degrees	rotation	
						sheet.width		==	stitched.sheets[index].height	and	
						sheet.height	==	stitched.sheets[index].width	
				))	
		}]	
		[size(output.sheets)	==	size(stitched.sheets)]	
		
		[output.stitchEdge	==	orientate(stitched.stitchEdge,	rotation)]	
		
		location	output:	StitchedStack	
}

device	EdgeStitcher	{	
		location	input:	list<Sheet>	

		...	

		component	stitcher	=	Stitcher(input,	stitched)	{}	
		
		location	stitched:	StitchedStack	
		
		...	

		parameter	rotation:	orientation	
		
		...	

		location	output:	StitchedStack	
}

Devices
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type	Sheet	{	
		width:	int,		[width	>	0],	
		height:	int,	[height	>	0]	
}	
		
type	StitchedStack	{	
		sheets:	list<Sheet>,	
		stitchEdge:	edge	
}	
		
action	Stitcher(input:	list<Sheet>,	
																output:	StitchedStack)	{	
		[size(input)	>=	2]	//	At	least	two	sheets	required	for	stitching	
		parameter	stitchEdge:	edge	
		[output.sheets	==	input]	
		[output.stitchEdge	==	stitchEdge]	
}	
		
device	EdgeStitcher	{	
		location	input:	list<Sheet>	
		
		[size(input)	<=	10]	//	Max	number	of	sheets	
		
		[input.forall	{	sheet	=>	
				//	Min	and	max	sheet	sizes	
				sheet.width	>=	1200	and	sheet.height	>=	1500	and	
				sheet.width	<=	4500	and	sheet.height	<=	3200	
		}]	
		
		component	stitcher	=	Stitcher(input,	stitched)	{}	
		
		//	This	device	can	only	stitch	on	the	right	edge	
		[stitcher.stitchEdge	==	right]	
		
		location	stitched:	StitchedStack	
		
		parameter	rotation:	orientation	
		[rotation	==	rot0	or	rotation	==	rot90]	
		
		[output.sheets.forall	{	sheet	=>	
				(rotation	==	rot0	implies	sheet	==	stitched.sheets[index])	
				and	
				(rotation	==	rot90	implies	(	
						//	Swap	width	and	height	in	case	of	90	degrees	rotation	
						sheet.width		==	stitched.sheets[index].height	and	
						sheet.height	==	stitched.sheets[index].width	
				))	
		}]	
		[size(output.sheets)	==	size(stitched.sheets)]	
		
		[output.stitchEdge	==	orientate(stitched.stitchEdge,	rotation)]	
		
		location	output:	StitchedStack	
}

device	EdgeStitcher	{	
		location	input:	list<Sheet>	
		
		[size(input)	<=	10]	//	Max	number	of	sheets	
		
		[input.forall	{	sheet	=>	
				//	Min	and	max	sheet	sizes	
				sheet.width	>=	1200	and	sheet.height	>=	1500	and	
				sheet.width	<=	4500	and	sheet.height	<=	3200	
		}]	
		

		...	

}

Devices
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type	Sheet	{	
		width:	int,		[width	>	0],	
		height:	int,	[height	>	0]	
}	
		
type	StitchedStack	{	
		sheets:	list<Sheet>,	
		stitchEdge:	edge	
}	
		
action	Stitcher(input:	list<Sheet>,	
																output:	StitchedStack)	{	
		[size(input)	>=	2]	//	At	least	two	sheets	required	for	stitching	
		parameter	stitchEdge:	edge	
		[output.sheets	==	input]	
		[output.stitchEdge	==	stitchEdge]	
}	
		
device	EdgeStitcher	{	
		location	input:	list<Sheet>	
		
		[size(input)	<=	10]	//	Max	number	of	sheets	
		
		[input.forall	{	sheet	=>	
				//	Min	and	max	sheet	sizes	
				sheet.width	>=	1200	and	sheet.height	>=	1500	and	
				sheet.width	<=	4500	and	sheet.height	<=	3200	
		}]	
		
		component	stitcher	=	Stitcher(input,	stitched)	{}	
		
		//	This	device	can	only	stitch	on	the	right	edge	
		[stitcher.stitchEdge	==	right]	
		
		location	stitched:	StitchedStack	
		
		parameter	rotation:	orientation	
		[rotation	==	rot0	or	rotation	==	rot90]	
		
		[output.sheets.forall	{	sheet	=>	
				(rotation	==	rot0	implies	sheet	==	stitched.sheets[index])	
				and	
				(rotation	==	rot90	implies	(	
						//	Swap	width	and	height	in	case	of	90	degrees	rotation	
						sheet.width		==	stitched.sheets[index].height	and	
						sheet.height	==	stitched.sheets[index].width	
				))	
		}]	
		[size(output.sheets)	==	size(stitched.sheets)]	
		
		[output.stitchEdge	==	orientate(stitched.stitchEdge,	rotation)]	
		
		location	output:	StitchedStack	
}

device	EdgeStitcher	{	
		...	

		parameter	rotation:	orientation	
		[rotation	==	rot0	or	rotation	==	rot90]	
		
		[output.sheets.forall	{	sheet	=>	
				(rotation	==	rot0	implies	sheet	==	stitched.sheets[index])	
				and	
				(rotation	==	rot90	implies	(	
						//	Swap	width	and	height	in	case	of	90	degrees	rotation	
						sheet.width		==	stitched.sheets[index].height	and	
						sheet.height	==	stitched.sheets[index].width	
				))	
		}]	
		[size(output.sheets)	==	size(stitched.sheets)]	

		...	

}

Devices
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type	Sheet	{	
		width:	int,		[width	>	0],	
		height:	int,	[height	>	0]	
}	
		
type	StitchedStack	{	
		sheets:	list<Sheet>,	
		stitchEdge:	edge	
}	
		
action	Stitcher(input:	list<Sheet>,	
																output:	StitchedStack)	{	
		[size(input)	>=	2]	//	At	least	two	sheets	required	for	stitching	
		parameter	stitchEdge:	edge	
		[output.sheets	==	input]	
		[output.stitchEdge	==	stitchEdge]	
}	
		
device	EdgeStitcher	{	
		location	input:	list<Sheet>	
		
		[size(input)	<=	10]	//	Max	number	of	sheets	
		
		[input.forall	{	sheet	=>	
				//	Min	and	max	sheet	sizes	
				sheet.width	>=	1200	and	sheet.height	>=	1500	and	
				sheet.width	<=	4500	and	sheet.height	<=	3200	
		}]	
		
		component	stitcher	=	Stitcher(input,	stitched)	{}	
		
		//	This	device	can	only	stitch	on	the	right	edge	
		[stitcher.stitchEdge	==	right]	
		
		location	stitched:	StitchedStack	
		
		parameter	rotation:	orientation	
		[rotation	==	rot0	or	rotation	==	rot90]	
		
		[output.sheets.forall	{	sheet	=>	
				(rotation	==	rot0	implies	sheet	==	stitched.sheets[index])	
				and	
				(rotation	==	rot90	implies	(	
						//	Swap	width	and	height	in	case	of	90	degrees	rotation	
						sheet.width		==	stitched.sheets[index].height	and	
						sheet.height	==	stitched.sheets[index].width	
				))	
		}]	
		[size(output.sheets)	==	size(stitched.sheets)]	
		
		[output.stitchEdge	==	orientate(stitched.stitchEdge,	rotation)]	
		
		location	output:	StitchedStack	
}

scenario	device	EdgeStitcher	
									config	size(output.sheets)	==	2	{	
									config	output.sheets[1].width		==	2100	
									config	output.sheets[1].height	==	2970	
									config	output.sheets[2].width		==	2100	
									config	output.sheets[2].height	==	2970	{	
				
		//	Stitch	on	bottom	edge	requires	rotation	of	90	degrees	
		test	config	output.stitchEdge	==	bottom	{	
				[rotation	==	rot90]	
		}	

}

Testing
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type	Sheet	{	
		width:	int,		[width	>	0],	
		height:	int,	[height	>	0]	
}	
		
type	StitchedStack	{	
		sheets:	list<Sheet>,	
		stitchEdge:	edge	
}	
		
action	Stitcher(input:	list<Sheet>,	
																output:	StitchedStack)	{	
		[size(input)	>=	2]	//	At	least	two	sheets	required	for	stitching	
		parameter	stitchEdge:	edge	
		[output.sheets	==	input]	
		[output.stitchEdge	==	stitchEdge]	
}	
		
device	EdgeStitcher	{	
		location	input:	list<Sheet>	
		
		[size(input)	<=	10]	//	Max	number	of	sheets	
		
		[input.forall	{	sheet	=>	
				//	Min	and	max	sheet	sizes	
				sheet.width	>=	1200	and	sheet.height	>=	1500	and	
				sheet.width	<=	4500	and	sheet.height	<=	3200	
		}]	
		
		component	stitcher	=	Stitcher(input,	stitched)	{}	
		
		//	This	device	can	only	stitch	on	the	right	edge	
		[stitcher.stitchEdge	==	right]	
		
		location	stitched:	StitchedStack	
		
		parameter	rotation:	orientation	
		[rotation	==	rot0	or	rotation	==	rot90]	
		
		[output.sheets.forall	{	sheet	=>	
				(rotation	==	rot0	implies	sheet	==	stitched.sheets[index])	
				and	
				(rotation	==	rot90	implies	(	
						//	Swap	width	and	height	in	case	of	90	degrees	rotation	
						sheet.width		==	stitched.sheets[index].height	and	
						sheet.height	==	stitched.sheets[index].width	
				))	
		}]	
		[size(output.sheets)	==	size(stitched.sheets)]	
		
		[output.stitchEdge	==	orientate(stitched.stitchEdge,	rotation)]	
		
		location	output:	StitchedStack	
}

scenario	device	EdgeStitcher	
									config	size(output.sheets)	==	2	{	
		
		//	A3	sheets	in	portrait	orientation	with	stitch	on	
		//	right	edge	is	not	possible	
		test	config	output.sheets[1].width		==	2970	
							config	output.sheets[1].height	==	4200	
							config	output.sheets[2].width		==	2970	
							config	output.sheets[2].height	==	4200	
							config	output.stitchEdge	==	right	{	
				fails	
		}	
		
}

Testing



Translation to SMT constraints
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expressed in MiniZinc: 
a high-level, solver-independent 

constraint modelling language


https://www.minizinc.org

OR Tools

Gecode

Chuffed

https://www.minizinc.org
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type Sheet { 
 width: int,  [width > 0], 
 height: int, [height > 0] 
} 

device ExampleDevice { 
 location sheetIn : Sheet 
  
 location sheetOut : Sheet 
}

var  int : sheetIn_width; 
var  int : sheetIn_height; 
constraint sheetIn_width > 0; 
constraint sheetIn_height > 0; 
var  int : sheetOut_width; 
var  int : sheetOut_height; 
constraint sheetOut_width > 0; 
constraint sheetOut_height > 0

CSX MiniZinc



From Constraints to Configurations
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type Sheet { 
 width: int,  [width > 0], 
 height: int, [height > 0] 
} 

device ExampleDevice { 
 location sheetIn : Sheet 
  
 location sheetOut : Sheet 
}

var  int : sheetIn_width; 
var  int : sheetIn_height; 
constraint sheetIn_width > 0; 
constraint sheetIn_height > 0; 
var  int : sheetOut_width; 
var  int : sheetOut_height; 
constraint sheetOut_width > 0; 
constraint sheetOut_height > 0

CSX MiniZinc

sheetIn_width = 1; 
sheetIn_height = 1; 
sheetOut_width = 1; 
sheetOut_height = 1;

[ 
  sheetIn  = Sheet(1,1), 
  sheetOut = Sheet(1,1) 
]



Why Using a DSL?
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type Sheet { 
 width: int,  [width > 0], 
 height: int, [height > 0] 
} 

device ExampleDevice { 
 location sheetIn : Sheet 
  
 location sheetOut : Sheet 
}

var  int : sheetIn_width; 
var  int : sheetIn_height; 
constraint sheetIn_width > 0; 
constraint sheetIn_height > 0; 
var  int : sheetOut_width; 
var  int : sheetOut_height; 
constraint sheetOut_width > 0; 
constraint sheetOut_height > 0

CSX MiniZinc

sheetIn_width = 1; 
sheetIn_height = 1; 
sheetOut_width = 1; 
sheetOut_height = 1;

[ 
  sheetIn  = Sheet(1,1), 
  sheetOut = Sheet(1,1) 
]

Specifications and configurations 
in terms of domain
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type Sheet { 
 width: int,  [width > 0], 
 height: int, [height > 0] 
} 

device ExampleDevice { 
 location sheetIn : Sheet 
  
 location sheetOut : Sheet 
}

var  int : sheetIn_width; 
var  int : sheetIn_height; 
constraint sheetIn_width > 0; 
constraint sheetIn_height > 0; 
var  int : sheetOut_width; 
var  int : sheetOut_height; 
constraint sheetOut_width > 0; 
constraint sheetOut_height > 0

CSX MiniZinc

sheetIn_width = 1; 
sheetIn_height = 1; 
sheetOut_width = 1; 
sheetOut_height = 1;

[ 
  sheetIn  = Sheet(1,1), 
  sheetOut = Sheet(1,1) 
]

Automatic mapping 
to and from constraints



Why Using a DSL?
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type Sheet { 
 width: int,  [width > 0], 
 height: int, [height > 0] 
} 

device ExampleDevice { 
 location sheetIn : Sheet 
  
 location sheetOut : Sheet 
}

var  int : sheetIn_width; 
var  int : sheetIn_height; 
constraint sheetIn_width > 0; 
constraint sheetIn_height > 0; 
var  int : sheetOut_width; 
var  int : sheetOut_height; 
constraint sheetOut_width > 0; 
constraint sheetOut_height > 0

CSX MiniZinc

sheetIn_width = 1; 
sheetIn_height = 1; 
sheetOut_width = 1; 
sheetOut_height = 1;

[ 
  sheetIn  = Sheet(1,1), 
  sheetOut = Sheet(1,1) 
]

Leverage the power 
of existing solvers



• Early observations in applying CSX on realistic devices 
revealed domain coverage gaps:


• Lists


• Geometrical constructs


• Functional style operators

From Prototype to Application in Practice
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• Non-uniform stacks of sheets


• Upper bounds

Lists support
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CSX spec

CSX configuration MiniZinc solution

MiniZinc model

type Sheet { width: int, height: int } 
type Stack { sheets: list<Sheet> } 
device D { 
  location a: Stack 
}

var  0..10 : a_sheets_size; 
array [1..10] of var  int : a_sheets_width; 
constraint forall(i in 1 .. 10) (i > a_sheets_size -> a_sheets_width[i] = 0); 
array [1..10] of var  int : a_sheets_height; 
constraint forall(i in 1 .. 10) (i > a_sheets_size -> a_sheets_height[i] = 0)



• Edges, orientations, transformations


• Could be modelled by manually modelling linear algebra, 
but is cumbersome

Geometrical constructs
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device D { 
  var a: edge 
  var p: orientation 
   
  [b == orientate(a,p)] 
   
  var b: edge 
}



• Bridge the gap between declarative/constraint-based 
programming and a more familiar programming style


• Requires the introduction of variables to represent 
intermediate results

Functional-style operators
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• IDE with syntax highlighting, type checker, inhabitance 
checks


• Implemented using the Spoofax language workbench


• Interactive validation

Implementation
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test device ExamplePerfectBinder 
     config bookIn = Stack(2100, 2970, 50) 
     config out.book = Stack(2080, 2970, 50) { 

}

[ 
  ( "bookIn", [("width", 2100), ("height", 2970), ("thickness", 50)]) 
, ( "coverIn", ...) 
, ( "toMill", [("millingDepth", 20)]) 
, ( "milledBook", ...) 
, ( "toCrease", ...) 
, ( "creasedCover", ...) 
, ( "toCover", ...) 
, ( "out" 
  , [ ( "book" 
      , [("width", 2080), ("height", 2970), ("thickness", 50)] 
      ) 
    , ("frontCover", ...) 
    , ("backCover", ...) 
    ] 
  ) 
]

  [toMill.millingDepth == 30]

Value = 20

  [toMill.millingDepth == 20]



• Coverage => think aloud co-design sessions


• Performance => benchmarking


In the paper:


• Accuracy => testing for completeness and correctness


• Relevance => evaluate sufficiency and necessity

Evaluating CSX 2.0 at Canon Production Printing
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• Think aloud co-design sessions


• Together with a domain export, model cases of increasing 
complexity


• 7 iterations of modelling, gradually adding aspects

Evaluating Coverage
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• (+) User-defined types enable modeling on a level of 
abstraction that corresponds to domain objects, while 
remaining flexible


• (+) Reporting configurations in terms of domain solves the 
problem of manually interpreting solutions


• (+) The lists construct contributes to covering non-uniform 
stacks of sheets of variability of e.g. the number of stitches.

Evaluating Coverage
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• (-) Units and precision are not covered, and configurations 
that are found need to be manually interpreted under the 
chosen units/precision


• (-) Handling of grouping and ordering of sheets remains 
cumbersome to model


• (-) The set of geometrical constructs needs to be extended. 

Evaluating Coverage
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• Benchmarks for “derive" (D) and 
“optimize” (O) scenarios


• Solving performance is generally 
good, but also unpredictable (O4 
and O8 timed out)

Evaluating Performance
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• Solving time increases when list 
upper bound increases


• Assisting search with domain-
specific information might 
improve performance

Evaluating Performance
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• Spoofax and MiniZinc took care of much of the “heavy lifting” in realizing CSX.


• A systematic approach to DSL evaluation is useful for communicating about a DSL in an 
industrial context.


• Starting to use a DSL in practice has a big impact on the software engineering process.


• The conceptual power of CSX is amplified by its IDE.


• It is a crucial language design decision to have types being defined in a language itself.


• Switching to the constraint-based programming paradigm can be challenging for 
developers that have no experience with constraint programming or with declarative 
programming at all.

Lessons Learned
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• Further extend coverage gaps


• Apply in practice, with domain experts, possibly 
mechanical engineers


• Use domain specific information to improve performance

Future Work
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Deployment Architecture
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