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Isola&on	
Complete	

of	
Business	Logic	

using	DSLs	
One	of	the	most	important	
architectural	goals,	IMHO!	

I	hope	to	help	move	it	out	of		
the	niche	it‘s	in	right	now.	



1	
Legacy		
Systems	



?



Outdated	Technology	
Obscure	Business	Logic	



Outdated	Technology	
Non-Understandable	Logic	
Expensive	to	Evolve	

You	can‘t	understand/evolve/
extract	them	independently.	



Technology	&	Business	Logic	now	
have	connected	lifecycles.		



If	you	could		reliably	extract		the	
business	logic	and		automa&cally	
transform		it	to	run	on	a	new	
technology	plaSorm,		
	
wouldn‘t	legacy	systems	lose	much	of	their	
problema&c	nature?		

Outdated	Technology	
Obscure	Business	Logic	



If	you	could	easily	and	reliably	
analyze		and		evolve		business	logic,		
	
wouldn‘t	legacy	systems	lose	much	of	their	
problema&c	nature?		
	

Outdated	Technology	
Obscure	Business	Logic	



[Business	Logic]	
It‘s what makes a business tick. 

Distinguishes the business. 
 
 

Data Structures 
Business Rules 

(Financial) Calculations 
Mappings or Queries 

Validations 
Scientific Processes 

Contracts 
 

Processes 
UIs 

}



Example	



A	real		Example:	Legacy	

Insurance	
Programs	

Specify/Program	

Write	formal	code	in	a	DSL	
mixed	with	tables	and	text	

No	tool	support	whatsoever	
No	tes&ng	(except	inspec&on)	

No	reuse	
No	modularity	
No	varibility	
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A	real		Example:	Legacy	

Insurance	
Programs	

„Pixelcrap“	

Specify/Program	

Write	formal	code	in	a	DSL	
mixed	with	tables	and	text	

No	tool	support	whatsoever	
No	tes&ng	(except	inspec&on)	

Printed,	PDF	

No	reuse	
No	modularity	
No	varibility	



A	real		Example:	Legacy	

Insurance	
Programs	

„Pixelcrap“	 C	Code	

Implement	

Specify/Program	

Write	formal	code	in	a	DSL	
mixed	with	tables	and	text	

No	tool	support	whatsoever	
No	tes&ng	(except	inspec&on)	

Printed,	PDF	 Developer	reads	„spec“		
Very	idioma&c	implementa&on	
	

Dev	acts	as	a	human	compiler	and	implements	it	in	C	

No	reuse	
No	modularity	
No	varibility	



A	real		Example:	Legacy	

Insurance	
Programs	

„Pixelcrap“	 C	Code	

Debug	

Implement	

Specify/Program	

Write	formal	code	in	a	DSL	
mixed	with	tables	and	text	

No	tool	support	whatsoever	
No	tes&ng	(except	inspec&on)	

Printed,	PDF	 Developer	reads	„spec“		
Very	idioma&c	implementa&on	
	

Dev	acts	as	a	human	compiler	and	implements	it	in	C	

Debugging	directly	in	C	
Search-for-use	by	text	search	
Don‘t	trust	the	documents	–		
					may	be	outdated!	

No	reuse	
No	modularity	
No	varibility	



A	real		Example:	Current	

Insurance	
Programs	

Write	formal	code	in	a	DSL	
mixed	with	tables	and	text	

Now	with	IDE	support	and	executable	tests	
	

The	same	nota&on!	

Specify/Program/Test/Debug	
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A	real		Example:	Current	

Insurance	
Programs	
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Now	with	IDE	support	and	executable	tests	
	

The	same	nota&on!	
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A	real		Example:	Current	

Insurance	
Programs	

C	Code	

Specify/Program/Test/Debug	

Write	formal	code	in	a	DSL	
mixed	with	tables	and	text	

Now	with	IDE	support	and	executable	tests	
	

The	same	nota&on!	

Exactly	the	same	C	code.	

Generate	



A	real		Example:	Future	

Insurance	
Programs	

C	Code	

Generate	

Incremental	Refinement/Refactoring	of	languages:	
	

Par&ally	automated	migra&on	of	models	
Add	model	natural	nota&ons	(insurance-specific,	math)	
Add	Support	for	modularity,	reuse,	variants	
	

S&ll	exactly	the	same	C	code,		
or	improved	as	needed.	

Specify/Program/Test/Debug	



Challenge:	analyzing	exis&ng	C	Code	

malloc	vs.	free	mixed	with	business	logic;	pointer	escaped.	
Custom	memory	management	inconsistent	with	standard	malloc/free
different,	inconsistent	#defines	for	YES/NO	or	TRUE/FALSE	
Misuse	of	the	preprocessor	
No	„architecture“,	dependencies	everywhere	
Bad	modularity,	no	fine-grained	unit	tests	
No	func&onal	abstrac&ons,	sideeffects	everywhere	
Missing	first-class	abstrac&ons	for	core	domain	concepts	(date)	
String	and	double	comparisons	with	==

C	is	too	flexible,	too	low-level	and	too	
„uncontrolled“	to	implement	analyzable	
business	logic:	



Health	and	Medicine	

Automo&ve	

Aerospace	

Robo&cs	

Finance		

Embedded	Sogware	

Science	

Government	

Law	

Law	enforcement	

Example	Domains	



Algorithms	for	diagnsis	and	medicine	dosage	

Specifying	communica&on	rela&onships	between	sogware	components	

Satellite	behavior	and	telemetry/telecommanding	

Robo&cs	behavioral	algorithms,	movement,	collision	avoidance	

Insurance	contracts/rules,	product	specifica&on	

Embedded	algorithms	for	math	

Biomedical	analysis	algorithms	

Tax	and	public	benefits	rules	

Precise	specifica&on	of	logis&cs	contracts,	interac&ve	execu&on	

Digital	Forensics,	iden&fying	„bad“	paherns	in	files	

Example	Domains	



Outdated	Technology	
Non-Understandable	Logic	
Expensive	to	Evolve	

$$$	

?	



Outdated	Technology	
Non-Understandable	Logic	
Expensive	to	Evolve	

$$$	

Employee	of	a	user:	
	

I	am	commijng	myself	to	
implement	our	next	[system]	within	
one	person	year	[instead	of	50].		



Outdated	Technology	
Non-Understandable	Logic	
Expensive	to	Evolve	

$$$	

A	customer:	
	

Using	a	prototype	language/tool	
they	built,	they	could	reimplement	
months	of	work	in	a	few	days.		

All	tests	ran.	



Outdated	Technology	
Non-Understandable	Logic	
Expensive	to	Evolve	

$$$	

Another	case:	
	

A	customer	had	to	schedule	two	
weeks	of	work	for	their	current	

supplier	for	a	change	that	literally	
took	minutes	using	the	DSL.	



Outdated	Technology	
Non-Understandable	Logic	
Expensive	to	Evolve	

$$$	

Public	Benefits	Calcula&on:	
	

We	have	been	using	such	an	
approach	for	many	years	and	could	
not	imagine	doing	it	any	other	way.	



Outdated	Technology	
Non-Understandable	Logic	
Expensive	to	Evolve	

$$$	

?	
Judge	for	yourself	:-)	



2	
Separa&on	
of	Concerns	





Outdated	Technology	
Non-Understandable	Logic	
Expensive	to	Evolve	

Business	Logic	

Technology	



Metamodel	for	
Business	Logic	

Clearly	defined	data	structure	to	express	all	
business-relevant	structures,	behaviors	and		

non-func&onal	concerns.	

		Well-defined	meaning			of	this	data	structure	

IDE	Support	is	possible	
Evolu&on	is	possible	
Portability	is	possible	

Type	Checking	
Solver-Integra&on	
Model	Checking	
Contracts	

Seman&cs	



Tech	Infrastructure	

Metamodel	for	
Business	Logic	

Clearly	defined	data	structure	to	express	all	
business-relevant	structures,	behaviors	and		

non-func&onal	concerns.	

Well-defined	meaning	of	this	data	structure	

Execu&on	
Engine	

Technical	PlaSorm	for	correct,		efficient		
and	scalable	execu&on	

Seman&cs	



Metamodel	for	
Business	Logic	

Clearly	defined	data	structure	to	express	all	
business-relevant	structures,	behaviors	and		

non-func&onal	concerns.	

Well-defined	meaning	of	this	data	structure	

Technical	PlaSorm	for	correct,		efficient		
and	scalable	execu&on	

Tech	Infrastructure	

generate	code,	
deploy	

transfer	data,		
interpret	

generate	code,	
deploy	

transfer	data,		
interpret	

Seman&cs	



Transforma&on	 Interpreta&on	

+	Code	Inspec9on	

+	Debugging	

+	Performance	&	
			Op9miza9on	

+	PlaBorm	Con-	
			formance	

+	Turnaround	Time	

+	Run9me	Change	



Metamodel	for	
Business	Logic	

Tech	Infrastructure	

generate	code,	
deploy	

transfer	data,		
interpret	

Seman&cs	



Tech	Infrastructure	

Metamodel	for	
Business	Logic	

Seman&cs	
Syntax	

L		a		n		g		u		a		g		e		

generate	code,	
deploy	

transfer	data,		
interpret	

Syntax	is			cri&cally	important			for	

Produc&vity	
Communica&on	and	Review	
Domain	Expert	Integra&on	

Only	Buhons	and	Forms		
don‘t	work!	



Expressivity	for	Core	
Business	Logic	

	
User-Friendly	Nota&on	

Great	Tool/IDE	
	

Tes&ng	
	

Meaningful	Analyses	
	

Execu&on	



Generate	derived	ar&facts	

Review	the	DSL	sources	

Pair	programming	

Independent	Development	

Domain	expert	integra&on	is	great,	
but	even	without	it,	the	approach	is	
useful	to	avoid	the	legacy	trap.	

Levels	of		
Domain	Expert	Integra&on	



Exchangable	Technology	
Understandable	Business	Logic	



Tech	Infrastructure	

Metamodel	for	
Business	Logic	

Seman&cs	
Syntax	

L		a		n		g		u		a		g		e		

generate	code,	
deploy	

transfer	data,		
interpret	



L		a		n		g		u		a		g		e	
				W

		o		r		b		e		n		c		h			

Tech	Infrastructure	

Metamodel	for	
Business	Logic	

Seman&cs	
Syntax	

L		a		n		g		u		a		g		e		

generate	code,	
deploy	

transfer	data,		
interpret	



3	
Language	

Workbenches	



DSL	

DSL	 interpreter	

generator	



DSL	 interpreter	generator	

An	old	idea		
from	the	1970s.	

BUT...	



Freely	
define	
integrate	

them	

languages	and	

Language	
Workbench	

(Mar&n	Fowler,	2004)	



powerful	
edi&ng	
tes&ng	

refactoring	
debugging	

language	defini&on	
IDE	defini&on	

implies	

+	
groupware	

Language	
Workbench	

(Mar&n	Fowler,	2004)	



support	for	
„classical“	
programming	

„classical“	
modeling	

and	
+	

Language	
Workbench	

(Mar&n	Fowler,	2004)	

There‘s	no	difference!	



Language	Development		
																	is	

engineering	
science!	

not	

Language	
Workbench	

(Mar&n	Fowler,	2004)	



A	Language	Workbench	–	
a	tool	for	defining,	composing	
and	using	ecosystems	of	languages.	



Open	Source	
Apache	2.0	
hhp://jetbrains.com/mps	



[Language	Workbench]	

+ Refactorings, Find Usages, Syntax Coloring, Debugging, ... 

Comprehensive	Support	for		
many	aspects	of	Language	Defini&on.	



Parsing	 Projec&onal	Edi&ng	

What	it	is	
[Projec&onal	Edi&ng]	



Regular	Code/Text	 Mathema&cal	

Tables	 Graphical	

Syntac&c	Flexibility	
[Projec&onal	Edi&ng]	



Regular	Code/Text	 Mathema&cal	

Tables	 Graphical	

Syntac&c	Flexibility	
[Projec&onal	Edi&ng]	



L2	 L1	

Separate	Files	 In	One	File	

Type	System	
Transforma&on	
Constraints	
	

Type	System	
Transforma&on	
Constraints	
Syntax	
IDE	
	

Language	Composi&on	
[Projec&onal	Edi&ng]	

50+	extensions	to	C	
10+	extensions	to	requirements	lang.	



Language	Composi&on	
[Projec&onal	Edi&ng]	



TU	Delg	

itemis/Typefox	

CWI	Amsterdam	

Solmi/Persiani	

Rascal	

The	Whole	
PlaSorm	

Other	Language	Workbenches	



hJp://voelter.de/data/pub/LWB-ResultsAndBenchmarks.pdf	



4	
Precision	vs.	
Programming	



Precision		

Programming	
!=	
{	Formulas,	Rules	

Data	Structures	
Tables	
Values	



Precision		

Programming	
!=	
{	Formulas,	Rules	

Data	Structures	
Tables	
Values	

}	Performance	
Scalability	

Robustness	
Deployment	



Precision		

Formaliza&on	
!=	
{	Formulas,	Rules	

Data	Structures	
Tables	
Values	

}	Greek	Lehers	
Analyses	
Proofs	



5	
Why	a	DSL?	



„ “Isn‘t	a	framework	or		
code-populated	model		

good	enough?	



Tech	Infrastructure	

Metamodel	for	
Business	Logic	

Seman&cs	
Syntax	

L		a		n		g		u		a		g		e		

generate	code,	
deploy	

transfer	data,		
interpret	

L		a		n		g		u		a		g		e	
				W

		o		r		b		e		n		c		h			



Tech	Infrastructure	

Metamodel	for	
Business	Logic	

Seman&cs	

Domain-Specific	Syntax	
lets	domain	experts	
contribute.	

Sta&c	Checks	provide	more	
sta&c	assurances.	

Language	can	evolve	over	
&me	(in	contrast	to	PL)	to	
cover	addi&onal	things	
first-class.	

transfer	data,		
interpret	

Program	Code	
populate	

For	(fine-grained)	
behaviors,	this	is	just	way	
too	tedious.	Expressions!	



?	Imagine	you	are	a	Compiler	
How	would	you	parallelize	these	two	pieces	of	code?	



Overspecifica&on!	
Requires	Seman&c	Analysis!	?	Imagine	you	are	a	Compiler	

How	would	you	parallelize	these	two	pieces	of	code?	



First-Class	Abstrac&ons.	
Directly	represents	Seman&cs.	

Linguistic 
Abstraction 
Imagine	you	are	a	Compiler	
How	would	you	parallelize	these	two	pieces	of	code?	 !	



A	DSL	is	a	language	for	a	domain	D	that	provides	
linguis&c	abstrac&ons	for	common	paherns	and	
idioms	of	a	language	at	D-1	when	used	within	
the	domain	D.	

A	good	DSL	does	not	require	the	use	of	paJerns	
and	idioms	to	express	seman&cally	interes&ng	
concepts	in	D.	Processing	tools	do	not	have	to	do	
“seman9c	recovery”	on	D	programs.	

Def:	Domain-Specific	Language	

As	you	understand	D	over	9me,	you	add	
addi&onal	first-class	abstrac&ons	to	the	DSL.	



6	
Integra&on	on		
the	PlaSorm	



Tech	Infrastructure	

Metamodel	for	
Business	Logic	

Seman&cs	
Syntax	

L		a		n		g		u		a		g		e		

generate	code,	
deploy	

transfer	data,		
interpret	

L		a		n		g		u		a		g		e	
				W

		o		r		b		e		n		c		h			



Tech	Infrastructure	



Tech	Infrastructure	

Generated	
Code/

Interpreter	

Driver	

Service	1	 Service	N	...	



Service	1	

Service	N	

...	

Persistence/Database	
Sensors	
Transac&ons	
Permissions	

...	typical	technical	
services,	also	found	in	
app	servers	etc.	

{



7	
Evolu&on	



„ “Today‘s	sogware	is		
tomorrow‘s	legacy	system.	

Or	is	it?	



Language	Tech	1	

V1	 V2	 V3	 ....	

Evolu&on	

Exis&ng	models	become	incompatble		
with	new	language	
⇒ Language	Versions	
					Migra&on	Scripts		

Run&me	T	1	

Generator	1	



Language	Tech	1	

V1	 V2	 V3	 ....	

Evolu&on	

Run&me	T	1	

Generator	1	

Run&me	T	2	

Generator	2	

Retargejng	

Run&me	Tech	outdated,	uncool	or	slow	
⇒ Keep	Lang	Technology	
					Keep	Models	
					Build	new	Generator	



			Language	Tech	1	 Language	Tech	2	

....	

Migra&on	

V1	 V2	 V3	 ....	 V4	 V5	 V6	 ....	

Evolu&on	 Evolu&on	

Run&me	T	1	

Generator	1	

Run&me	T	2	

Generator	2	 Generator	3	

Language	Tech	outdated,	uncool	
⇒ Build	new	Tool	
					Migrate	Data		Simple,	because	it	well-defined	domain	

seman&cs	and	free	from	„technology	stuff“	

Retargejng	



„ “Today‘s	sogware	is		
tomorrow‘s	legacy	system.	

No,	it	is	not.	



8	
Some	Lessons	

Learned	



Does	this	scale?	



Does	the	approach	scale?	

If	structure,	
				formaliza&on,	and	
				tool	support	don‘t	scale,		
	

What	are	the	alterna&ves?	
		Excel?	
		Wikis?	
		Prose	Documents?	

then	what	will??	



Do	the	tools	scale?	
In	terms	of	overall	system	size?	
Yes,	the	system	has	to	be	broken	down	into	models	
of	manageable	size,	as	usual.	This	requires	some	thought.	

In	terms	of	team	size?	
Yes,	since	we	rely	on	established	version	control	
systems	(git)	to	deal	with	groupware	aspects;	and	
yes,	diff/merge	works	as	expected.	

In	terms	of	language	complexity?	
Yes,	in	par&cular,	since	you	can	modularize	
the	language	defini&ons.	



Can	I	find	the	people		
to	do	this?	
Yes,	but	it	is	a	significant	change,	so:	
-	it	may	be	a	significant	educa&on/training	effort.	
-	a	few	people	might	not	get	it	
-	a	few	people	may	not	want	to	do	it.	



Business	L	
vs.	Programming	L	



Structure/Guid.	
Nota&on	
Views	
IDE/Tool	
Learn/Effec&ve	

+	
Mixed	

*	
Clean 		
L	

-	
Text	
1	

Powerful	
E	



Structure/Guid.	
Nota&on	
Views	
IDE/Tool	
Learn/Effec&ve	

Business	oriented	languages	are	
very	different	from	what	we	have	

learned	about	languages	for	
developers.	LWBs	let	you	build	

such	languages.	



Examples	



<no	variables>	 <no	parent>	

<no	libraries>	

<no	business	objects>	

<no	parent>	

Rigid	Structures	



Prose-Like	Language	for	Calc	Rules	



Diagrams	for	Data	Modeling	



Tables	for	Reference	Data	



Insurance	Specifica&ons	



Insurance	Specifica&ons	



Decision	Mechanisms	



Decision	Mechanisms,	directly	in	Expressions	



Extension	func&on	can	be	called	in	dot-nota&on,	
perfectly	suitable	for	developers.	

Natural	Language	Func&on	Calls	I	



For	non-programmers,	a	more	prose-like	nota&on	is	
helpful.	No&ce	the	prose-call	facility	is	a	modular	
extension	of	the	expression	language.	

Natural	Language	Func&on	Calls	II	



Influences	on	
the	Language	



Domain		
Structure	

Model	
Purpose	

Analyze,	Generate	

User		
Skills	

Sogware	
Engineering	
Prac&ces	

Non		
Func&onals	
Permissions,	
IP,	Sharing	

Tool		
Capabili&es	

Nota&ons,	
Edi&ng,	Scale	

Sep.	of	Concerns	
Different	Views	

Get	a	beher	tool	:-)	

Refactor	towards	
Structure	

Educate,		
Put	results	in	context	



The	Language	is	
not	Enough	



Language	

Great	IDE	

Analyses	

Refactorings	

Tes&ng	

Debuggers	

Abstrac&ons	
Nota&ons	

Syntax	Coloring	
Code	Comple&on	
Goto	Defini&on	

Relevant	
Good	Errors	

Aligned	with	Processes	

Write	Tests	
Run	them	

Report	Back	

Animate	Execu&on	
Simulators	

GOOD	

GREAT	



We	tried	it	before,		
and	it	failed.	



The	UML	tool	was	a	bad	choice	

MDA	

Round-Tripping	did	not	work.	

->	ok,	choose	a	beher	one	:-)	

->	never	works,	but	why	use	it?	

Generate	Class-Skeletons,	fill	in	app	logic.	
->	how	and	why	does	this	solve	the	challenges??	

Hard	to	represent	business	logic	in	UML.	
->	oh,	really??	Who	would	have	thunk.	

Such	an	approach	is	completely	pointless!!	



No	tests	and	debuggers	for	end	users	

Rule	Language	

Language	not	expressive	enough	(tables)	
Tool	too	limited	to	enhance	expressivity	

->	hard	to	be	sure	about	things	

->	tedious	to	express	many	algorithms	

Parts	s&ll	had	to	be	programmed	manually	
->	overall	process	more	complex,	not	simpler	

The	right	direc&on,	but	not	good	enough.	



9	
Drawbacks	



You	need	inhouse	exper&se	
for	language	engineering	

or	a	very	close	and	trusted	
vendor	who	does	it	for	you.	



If	you	use	this		
approach	for	real,		

you	should	have	language	
engineering	exper&se		

in	house.	



You	will	invest	a	lot		
into	a	par&cular	tool.	

You	can	easily	export	
models,	but	no	portability	
for	language	defni&ons.	



10	
Summary	



Thank you!
voelter@acm.org	
www.voelter.de	
@markusvoelter	



source	



[Read	&	Learn]	



Separa&on	of	concerns	is	key	
to	avoid	the	legacy	trap	

DSLs	can	isolate	business	logic	
completely	from	technical	concerns	

DSLs	can	help	integrate	domain	experts	
with	communica&on/review	or	even	coding	

Language	Workbenches	enable	DSLs	
by	reducing	effort	to	build,	compose	and	maintain	them	

Migra&ng	to	a	new	LWB	is	feasible	
b/c	seman&cs	of	all	models	are	known,	by	defini&on.	


