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It’s	a	nugget	of	advice		
about	solving	a	recurring	problem	

Pa'ern	

n  Concept	introduced	in	1977		
n  By	Ch.	Alexander,	a	“real”	architect	

n  Used	to	document	techniques	for	solving	a	class	of	
recurring	problems	in	the	abstract	

n  It	is	not	a	series	of	concrete	instrucPons	how	to	solve	
a	problem	
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Pa'erns	in	Many	Domains,	e.g.	Cloud	Compu;ng	

Name 

Driving Question 

Context 

Solution 

Result 

Variations 

Related Patterns 

Known Uses 

Sketch 

Intent 
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…It’s	a	Pa'ern	Language	
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Research	on	Pa'erns	at	IAAS		

+

Cloud	CompuPng		

Pa/erns		

	

Green	IT	Pa/erns		

	

Data	MigaPon	

Pa/erns		

	

Costume		

Pa/erns		

	

Process	Viewing	
Pa/erns	

IoT	Pa/erns	
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Development	of	Pa'ern	Languages:	Tradi;onal	

ObservaPon	

CreaPon	

…	
(SoluPon-)	
Knowledge	

analyze,	
abstract,	
evaluate	 Pa/ern	

Language	
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A	Step	Forward:	Use	of	Repositories	

structured	
storage	

structured	
storage	

ObservaPon	

CreaPon	

…	
(SoluPon-)	
Knowledge	

analyze,	
abstract,	
evaluate	 Pa/ern	

Language	
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Deriving	Pa'erns	from	Stored	Solu;ons	

(SoluPon-)	
Knowledge	

Pa/ern	
Language	

analyze,	
abstract,	
evaluate	
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Solving	Problems	by	Finding	Pa'erns	

Pa/ern	
Language	

{Pa/ern}	

Problem	

search,	
navigate	
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From	Pa'erns	to	Solu;ons:	Today	a	Crea;ve	Act	

SoluPon	

work	out	

Pa/ern	
Language	

{Pa/ern}	

Problem	

search,	
navigate	
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From	Pa'erns	to	Solu;ons:	Act	of	Recollec;on	as	Goal	

(SoluPon-)	
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SoluPon	

search	

Pa/ern	
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{Pa/ern}	

Problem	

search,	
navigate	
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Overall	Goal	
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Reminder:	Pa'ern	Languages	
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Solu;on	Paths	
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Solu;on	Aggrega;on	

�	

???	

SoluPon	Path	

Aggregated	SoluPon	

P	

P’	

Falkenthal,	Michael;	Barzen,	Johanna;	
Breitenbücher,	Uwe;	Fehling,	Christoph;	
Leymann,	Frank:	From	Pa'ern	
Languages	to	Solu;on	Implementa;ons.	
In:	Proceedings	of	the	Sixth	InternaPonal	
Conferences	on	Pervasive	Pa/erns	and	
ApplicaPons	(PATTERNS	2014)	.	
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MUSE:	
Towards	a	Pa/ern	Language	for	Costumes	
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Ves;mentary	communica;on	
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Tasks	and	func;ons	of	costumes	

social	aspects	
e.g.	group	membership,		
social	standing,	religious		
or	gender	classificaPon		sign	and	symbol	

e.g.	on	a	uniform,	on		
football	shirts		

psychological		aspects	
e.g.	own	experience		
wearing	clothes	

transformaPon		
e.g.	dress	up,	role	
reversal	

informaPon	about	Pme	
e.g.	historical	period,	day		
or	night	Pme		

funcPonal	aspects	
e.g.	swimsuite	

informaPon	about	places	
e.g.	indoors,	outdoor	

signaling	impact	
e.g.	reflecPve	vest	

indicaPon	about	personality		
e.g.	to	look	athlePc	or	sexy	

informaPon	about	events	
e.g.	a	wedding,	a	funeral	

protecPon	
e.g.	protecPon	against:	cold,	heat,		
rain,	chemicals,	germs,	dirt	

producing		personal	idenPty	

communicaPon	aspects	
e.g.	what	do	I	want	do	say	
about	me?	



23	©	IAAS	

State	of	the	Art	

n  Only	very	few	scienPfic	invesPgaPon	focusing	on	costumes	

n  First	serious	theorePcal	invesPgaPon	on	costumes	at	the	beginning	of	the	
1980s		

n  There	are	three	different	approaches	found	in	the	literature	about	costumes:	
n  Focusing	on	the	aspect	of	costume	communicaPon	based	on	symbolism	

n  Focusing	on	the	gender-aspect	(FeminisPc	film	theory)	

n  Focusing	on	the	semioPc	approach	(costume	as	a	sign)	

n  Current	invesPgaPons	are	mainly	based	on	a	very	small	set	of	movies	
	

It	lacks	a	formal	concept	which	enables	
getng	general	informaPon	on	how	
costumes	are	used	in	movies	and	which	
convenPons	have	been	developed	
(costume	language)	
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The	term	“costume	language”	

n  The	 term	 “costume	 language”	 is	 usually	 used	 in	 a	
metaphorical	way	in	the	literature	about	costumes	

n  But	lot	of	typical	characters	in	movies	can	be	recognized	by	
stereotype	costumes	(e.g.	the	femme	fatale	or	the	girl	next	
door)	

n  Especially	when	dressing	the	stock	characters	 the	costume	
designers	 have	 to	 use	 stereotype	 costumes	 to	 make	 sure	
these	characters	are	well	and	fast	understood	

These	‘stereotype	costumes’	can	be	
described	as	pa/erns.	
A	costume	pa/ern	therefore		is	a	
proven	soluPon	to	a	re-occurring	
costume	design	problem.		

(PN,	{V!})		
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Defining	pa'erns		

	

n  A	pa/ern	is	a	proven	soluPon	to	a	re-occurring	problem		
n  Concept	introduced	in	1977	by	Ch.	Alexander,	a	“real”	architect	

n  A	pa/ern	is	a	concept	that	aims	to	capture	the	best	soluPons	
in	an	abstract	way	to	make	this	knowledge	reusable		
n  It	is	not	a	series	of	concrete	instrucPons	how	to	solve	a	problem	

n  A	pa/ern	language	is	a	set	of	pa/erns	conforming	to	a	
parPcular	pa/ern	format	as	well	as	cross-references	between	
these	pa/erns	

A	costume	pa/ern	is	a	proven	soluPon	
to	a	re-occurring	costume	design	
problem.		
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Domain	
Taxonomies	to	
structure	the	

costume	relevant	
parameters	

MUSE	Repository		
detailed	capturing	
of	concrete	
costumes		

Analysis	
using		OLAP	Cubes	
and	data	mining			
to	find	pa/ern	
candidates	

Pa'ernPedia	
proven	soluPons	
for	re-occurring 

problems 
	

Discovering	Costume	Languages	
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Base	Elements	

∑B,	L(∑B)	
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Primi;ves	

collar	

sleeve	

back		part	

front	part	

bu/on	border	

∑P,	L(∑P)	
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Costume	Relevant	Parameters	
	
	n  Base	Element	

n  A/ributes	
n  PrimiPves	

n  Designs	

n  Shapes	

n  Material	

n  Colour	

n  SpecialPes	
n  Status	

n  Ways	of	Wearing	

n  FuncPon	

n  Body	ModificaPon	
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Taxonomy	of	the	Base	Elements	(1)	
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Taxonomy	of	the	Base	Elements	(2)	
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Approaching	an	ontology	of	clothes	(1)	

color 

hat 

design 

hat 

material 

hat 

primitives 

hat 
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Approaching	an	ontology	of	clothes	(2)	

instance 

By using a taxonomy instead of tables it is  
possible to search based on semantics 
(SPARQL) 

O,	{RB}	
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Domain	
Taxonomies	to	
structure	the	

costume	relevant	
parameters	

MUSE	Repository		
detailed	capturing	
of	concrete	
costumes		

Analysis	
using		OLAP	Cubes	
and	data	mining			
to	find	pa/ern	
candidates	

Pa'ernPedia	
proven	soluPons	
for	re-occurring 

problems 
	

Detec;ng	costume	languages	
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Current	State	(June	4th,	2016)	

n  Films:	23	

n  Costumes:	3.161	

n  Base	Elements:	14.905	

n  PrimiPves:	29.087		

n  Assigned	Colors:	ca.	85.406		

n  Assigned	Material:	ca.	86.816		
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Domain	
Taxonomies	to	
structure	the	

costume	relevant	
parameters	

MUSE	Repository		
detailed	capturing	
of	concrete	
costumes		

Analysis	
using		OLAP	Cubes	
and	data	mining			
to	find	pa/ern	
candidates	

Pa'ernPedia	
proven	soluPons	
for	re-occurring 

problems 
	

Detec;ng	costume	languages	
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n  Data	Mining:	support	to	reveal	unsuspected	relaPonships	

across	all	dimensions	

n  OLAP-Cubes:	support	mulPdimensional	queries	on	the	
database	

	
 
What base elements are 
typically worn by a high 
school queen? 

MUSE	-	Analy;cs	

-The Hypothesis - 
Different Data 

Mining Techniques 

- Validation and 
Refinement - 
OLAP-Cubes 

PN=C/� 

?
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Domain	
Taxonomies	to	
structure	the	

costume	relevant	
parameters	

MUSE	Repository		
detailed	capturing	
of	concrete	
costumes		

Analysis	
using		OLAP	Cubes	
and	data	mining			
to	find	pa/ern	
candidates	

Pa'ernPedia	
proven	soluPons	
for	re-occurring 

problems 
	

Detec;ng	costume	languages	
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Overall	Goal	

ObservaPon	

CreaPon	

…	

(SoluPon-)	
Knowledge	

SoluPon	

search	

Pa/ern	
Language	

{Pa/ern}	

Problem	

search,	
navigate	

P	

S	

analyze,	
abstract,	
evaluate	

refer	to	



42	

The	MUSE	Method	
and	the	ScienPfic	Paradigms	
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Tycho	Brahe:	Observa;on	&	Data	Capture	

(Table	and	pictures	from	Wikipedia	)	

ObservaPon	 Data	Capturing	
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Johannes	Kepler:	Analyzing	Data	&	Formaliza;on	

1.  The	orbit	of	every	planet	is	an	ellipse	
with	the	sun	in	one	of	the	two	foci.	

2.  A	line	joining	a	planet	and	the	Sun	
sweeps	out	equal	areas	during	equal	intervals	of	Pme	

3.  The	square	of	the	orbital	period	of	a	planet	is		
directly	proporPonal	to	the	cube	of	the	semi-major	
axis	of	its	orbit	

1.	
	
	
2.	
	
	
3.	

Data	Analysis	

FormalizaPon	
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The	Scien;fic	Method	

ObservaPon	
Data	

Capturing	
Data	

Analysis	
FormalizaPon	



©	Frank	Leymann	 46	

Capturing	Movies	

  

not feel certain which of the values of a taxonomy to key in. So, in this case a user can 
expand the several branches of a taxonomy in order to navigate to the desired entry. The 
control element combines this with search functionality that enables to directly enter 
values, if the user already knows them. Further, it is often the case that multiple values 
have to be entered for a property. Therefore, special control elements enable to 
efficiently enter many values for properties. All that is exemplarily shown by an excerpt 
of the view to display, input and edit a costume in Figure 23 by the property character 
traits at the bottom. 

 

Figure 23 - User Interface to Enter, View and Maintain a Costume 

Further, the formally described composition of base elements in Barzen & 
Leymann (2014) is supported by another control element depicted in Figure 24. A user 
can define the relation between two base elements due to the selection of a subject base 
element and an object base element and a specific operator that defines the semantic of 
the relation. By clicking the blue plus button in the upper right corner two base elements 
are composed with specific semantics. So, the shirt of the high school queen depicted in 
Figure 13 could be selected and connected with the bra using the worn above 
relationship. 

ObservaPon	

Data	Capturing	
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Analyzing	Movies	

Data	Analysis	

  

depicted by the bar chart in Figure 25 at the bottom area. This enables to analyze how 
often several colors are used in costumes of a specific film genre and may lead to general 
statements about the colors of costumes for a genre. 

If this approach is generalized to cover all properties of costumes, base elements, 
primitives, roles and films, it is possible to detect commonalities of costumes in order to 
abstract the essence into patterns. Thus, data cubes can be used to create 
implementations of the formally described equivalence function in Barzen & 
Leymann (2014). 

 

Figure 25 - Analysis of Costume Properties by Means of a Data Cube 

6 Summary and Outlook 

In this article, we introduced PatternPedia as a tool chain to support the capturing of 
existing solutions as well as the identification and authoring of patterns. An extensible 
pattern metamodel was used to describe the data structure supported by this tool chain to 
capture solutions, patterns and references among them. The tool chain was used in the 
domains of cloud computing and costumes with respective metamodel extensions. As the 
extensions for solution documents in the domain of costumes were very significant, a 
custom tool for the capturing of costumes has been presented. 
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Further, the formally described composition of base elements in Barzen & 
Leymann (2014) is supported by another control element depicted in Figure 24. A user 
can define the relation between two base elements due to the selection of a subject base 
element and an object base element and a specific operator that defines the semantic of 
the relation. By clicking the blue plus button in the upper right corner two base elements 
are composed with specific semantics. So, the shirt of the high school queen depicted in 
Figure 13 could be selected and connected with the bra using the worn above 
relationship. 

MUSE	
Repository	

Falkenthal,	Michael;	Barzen,	Johanna;	Dörner,	Simon;	
Elkind,	Vadym;	Fauser,	Jan;	Leymann,	Frank;	Strehl,	Tino:	
Datenanalyse	in	den	Digital	HumaniPes	–	Eine	Annäherung	
an	Kostümmuster	mi/els	OLAP	Cubes.	In:	BTW	2015.	
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Abstrac;on	and	Formaliza;on	

  

depicted by the bar chart in Figure 25 at the bottom area. This enables to analyze how 
often several colors are used in costumes of a specific film genre and may lead to general 
statements about the colors of costumes for a genre. 

If this approach is generalized to cover all properties of costumes, base elements, 
primitives, roles and films, it is possible to detect commonalities of costumes in order to 
abstract the essence into patterns. Thus, data cubes can be used to create 
implementations of the formally described equivalence function in Barzen & 
Leymann (2014). 

 

Figure 25 - Analysis of Costume Properties by Means of a Data Cube 

6 Summary and Outlook 

In this article, we introduced PatternPedia as a tool chain to support the capturing of 
existing solutions as well as the identification and authoring of patterns. An extensible 
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capture solutions, patterns and references among them. The tool chain was used in the 
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extensions for solution documents in the domain of costumes were very significant, a 
custom tool for the capturing of costumes has been presented. 
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Further, the formally described composition of base elements in Barzen & 
Leymann (2014) is supported by another control element depicted in Figure 24. A user 
can define the relation between two base elements due to the selection of a subject base 
element and an object base element and a specific operator that defines the semantic of 
the relation. By clicking the blue plus button in the upper right corner two base elements 
are composed with specific semantics. So, the shirt of the high school queen depicted in 
Figure 13 could be selected and connected with the bra using the worn above 
relationship. 

L(GB)	

O,	{RB}	 L(Gp)	

e	

C PN=C/� 

(PN,	{V!})		

{V!}	

FormalizaPon	
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The	MUSE	Method	
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depicted by the bar chart in Figure 25 at the bottom area. This enables to analyze how 
often several colors are used in costumes of a specific film genre and may lead to general 
statements about the colors of costumes for a genre. 

If this approach is generalized to cover all properties of costumes, base elements, 
primitives, roles and films, it is possible to detect commonalities of costumes in order to 
abstract the essence into patterns. Thus, data cubes can be used to create 
implementations of the formally described equivalence function in Barzen & 
Leymann (2014). 

 

Figure 25 - Analysis of Costume Properties by Means of a Data Cube 

6 Summary and Outlook 

In this article, we introduced PatternPedia as a tool chain to support the capturing of 
existing solutions as well as the identification and authoring of patterns. An extensible 
pattern metamodel was used to describe the data structure supported by this tool chain to 
capture solutions, patterns and references among them. The tool chain was used in the 
domains of cloud computing and costumes with respective metamodel extensions. As the 
extensions for solution documents in the domain of costumes were very significant, a 
custom tool for the capturing of costumes has been presented. 
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Using	the	Scien;fic	Method	in	the	Humani;es	
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Barzen,	Johanna;	Leymann,	Frank:	Pa/erns	as	Formulas:	Applying	the	ScienPfic	Method	to	the	HumaniPes,	Technischer	Bericht	Nr.	
2016/01,	Universität	Stu/gart	2016.	
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Iden;fica;on	of	Pa'erns:	Costumes	as	Sample	
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Iden;fica;on	of	Pa'erns:	Formal	Aspects	
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Barzen,	Johanna;	Leymann,	Frank:	Costume	Languages	As	Pa/ern	
Languages.	In:	Proceedings	of	PURPLSOC	-	Preparatory	Workshop	2014.	
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Iden;fica;on	of	Pa'erns:	Symbols	
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Iden;fica;on	of	Pa'erns:	Formal	Languages	
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Iden;fica;on	of	Pa'erns:	Formal	Languages	
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Iden;fica;on	of	Pa'erns:	Formal	Aspects	
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Iden;fica;on	of	Pa'erns:	Formal	Aspects	
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Iden;fica;on	of	Pa'ern	Languages:	Summary	
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Barzen,	Johanna;	Leymann,	Frank:	Costume	Languages	As	Pa/ern	Languages.	In:	Proceedings	of	PURPLSOC	-	Preparatory	Workshop	2014.	
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Repositories	

SoluPons	 Pa/erns	
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Fehling,	Christoph;	Barzen,	Johanna;	Falkenthal,	Michael;	Leymann,	Frank:	Pa/ernPedia	-	CollaboraPve	Pa/ern	IdenPficaPon	and	
Authoring.	In:	Proceedings	of	PURPLSOC	-	Preparatory	Workshop	2014.	
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Generaliza;on	of	Formaliza;on	

D:	Domain	ontology	
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Generaliza;on:	Repositories	
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Let’s	recap:	State	of	the	Art	in	Pattern	Usage

n Patterns	are	used	to	present	proven	solution	
knowledge	to	recurring	problems	in	a	human	
readable	way

n Patterns	aim	at	generalization	and	abstraction of	
solution	knowledge
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Let’s	recap:	State	of	the	Art	in	Pattern	Usage

n Patterns	are	organized	into	pattern	languages	to	
solve	problems	in	combination

semantics,	 goals,… semantics,	 goals,…

semantics,	 goals,…

...
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PatternPedia
A	Tool	Chain	to	Manage	Patterns	and	Solutions

PatternPedia

Solution	Repository Pattern	Repository

Solution	Input

Solution	Browser

Solution	Analyzer

Pattern	Input

Pattern	Browser

Pattern	Search

Solution	and	Pattern	Referencer

Fehling et al.: PatternPedia – Collaborative Pattern Identification and Authoring. 
In PURPLSOC Preparatory Workshop 2014.
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Motivation
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Ad	hoc	refinement	for	
specific	Use	Cases

Problem:	Typically	not	
documented
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Pattern	Language	X

P1’

P3’

P2’

Pm’

…

UCpUC3

Imagine,	you	are	faced	with
• a	Problem,	
• several	Pattern	Languages that	provide	solution	knowledge
• and	you	have	no	clue	on	how	to	implement	the	patterns	for	your	use	case		
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Shortcomings

n While	patterns	aim	to	provide	abstract and	general	
solution	knowledge	it	is	time	consuming	to	apply	
them	for	concrete	and	individual	use	cases

n The	Gap	of	Abstraction	between	patterns	and	
concrete	implementations	leads	to	huge	efforts	
because	of	ad	hoc	refinements	and	implementations

n Concrete	solution	artifacts	are	lost	during	the	pattern	
authoring	process	and	cannot	be	reused
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How	to	systematically	support,	
guide	and	ease	applying	abstract	
patterns	to	concrete	use	cases?
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Findings	from	the	Domain	of	Cloud	Computing

Fehling	et	al.
www.cloudcomputingpatterns.org

Homer	et	al.	(Microsoft)	
https://msdn.microsoft.com/en-us/
library/dn600223.aspx
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PRESCRIPTIVE ARCHITECTURE GUIDANCE FOR CLOUD APPLICATIONS

Cloud Design 
Patterns

Alex Homer
John Sharp
Larry Brader
Masashi Narumoto
Trent Swanson

CLOUD DESIGN PATTERNS

For more information explore:
microsoft.com/practices

Software Architecture and 
Software Development

patterns & practices
proven practices for predictable results

Save time and reduce risk on  
your software development  
projects by incorporating  
patterns & practices, Microsoft’s 
applied engineering guidance 
that includes both production 
quality source code and  
documentation.

The guidance is designed to 
help software development 
teams:

Make critical design and  
technology selection decisions  
by highlighting the appropriate  
solution architectures,  
technologies, and Microsoft 
products for common scenarios

Understand the most  
important concepts needed 
for success by explaining  
the relevant patterns and 
prescribing the important 
practices

Get started with a proven 
code base by providing  
thoroughly tested software  
and source that embodies  
Microsoft’s recommendations

The patterns & practices  
team consists of experienced 
architects, developers, writers, 
and testers. We work openly 
with the developer community 
and industry experts, on every 
project, to ensure that some  
of the best minds in the  
industry have contributed  
to and reviewed the guidance 
as it is being developed.

We also love our role as the 
bridge between the real world 
needs of our customers and 
the wide range of products and 
technologies that Microsoft 
provides.

Cloud applications have a unique set of characteristics. They run on commodity 
hardware, provide services to untrusted users, and deal with unpredictable workloads. 
These factors impose a range of problems that you, as a designer or developer, need 
to resolve. Your applications must be resilient so that they can recover from failures, 
secure to protect services from malicious attacks, and elastic in order to respond to 
an ever changing workload.  

This guide demonstrates design patterns that can help you to solve the problems 
you might encounter in many different areas of cloud application development. 
Each pattern discusses design considerations, and explains how you can implement 
it using the features of Windows Azure. The patterns are grouped into categories: 
availability, data management, design and implementation, messaging, performance 
and scalability, resiliency, management and monitoring, and security. 

You will also see more general guidance related to these areas of concern. It explains 
key concepts such as data consistency and asynchronous messaging. In addition, 
there is useful guidance and explanation of the key considerations for designing 
features such as data partitioning, telemetry, and hosting in multiple datacenters.  

These patterns and guidance can help you to improve the quality of applications and 
services you create, and make the development process more efficient. Enjoy! 

“This guide contains a wealth of useful information to help you design and 
build your applications for the cloud.” 

Scott Guthrie, Corporate Vice President, 
Windows Azure 

Ninja	of	Three	(Amazon)
http://en.clouddesignpattern.org/
index.php/Main_Page
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refined	by refinesnavigation	towards	
concrete	realizations

navigation	towards	
general	problem	and	solution
concepts

Connecting	Patterns	via	Refinement	Links
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Pattern	Refinement	and	Solution	Spaces

Solution	 Space	P1

refined	by

P1

Concretized
Solution	
Space	P2

P2
Concretized
Solution	
Space	P3

P3

More	general	applicable
• Vendor	agnostic
• Technology	agnostic
• Genre	agnostic
• …

More	specific	and	more	guidance
• Vendor	specific
• Technology	specific
• Genre	specific
• …
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Refinement	Links	Applied

CSnCS2 CS4CS3CS1
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Remember:	Solution	Paths

(s,g,…)

(s’,g’,…)

(s”,g”,…)

P6

P5

P7

P4

P3

P2
P1

...

... ...

...

...
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Solution	Path	spanning	multiple	Pattern	Languages	on	
different	levels	of	Abstraction

CSnCS2 CS4CS3CS1
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Case	Study:	
Vendor-agnostic	and	Vendor-specific	Cloud	Patterns	

CSnCS2CS1 CS3

State	Sharing	
Pattern

Scale	out	Pattern

Stateless	
Component

Elastic	Load	
Balancer
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Case	Study:	Mapping	of	Concepts	to	Technologies

Elastic Load Balancer Scale out Pattern

Load Balancer

Monitoring

Elastic Infrastucture

Elastic Load Balancer Service

Cloud Watch

EC2 
Auto Scaling

AMI

Concepts Vendor	specific
Services



©	IAAS 122

Re
se
a
rc
h

Implementation	in	PatternPedia
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Case	Study:	
Genre-agnostic	and	Genre-specific	Costume	Patterns

Marshal	Will	Kane
(High	Noon)

Wild	West	Sheriff

OutlawSheriff

Science	Fiction	Sheriff

Jake	Lonergan
(Cowboys	&	Aliens)
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Guided	Solution	Refinement
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From	ad	hoc	refinement	
for	specific	Use	Cases

To	guided	solution	
refinement	towards	
concrete	solutions
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How	to	connect	and	
reuse	existing	Concrete
Solutions?
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n Concrete	Solutions	are	concrete	instances	of	a	
pattern’s	solution
n Concrete	Solutions	could	be,	e.g.,

n Concrete	programming	code
n Configuration	files
n AWS	cloud	formation	templates
n Workflow	snippets
n Costumes
n …

n Aim:	Change	of	pattern	usage	à From	an	act	of	
design	and	construction	of	solutions	to	find	and	reuse	
the	right	solutions

Approach:	Connecting	Concrete	Solutions

P

SInSI4SI3SI2CS1
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Examples

n Human	and	machine	readable	Selection	Criteria	(sc)	
support	selection	of	proper	Concrete	Solutions

Approach:	Selection	Criteria

P
(sc1,…)

(sc2,…)
(sc3,…)

Load	Balancer	
will	be	deployed	on	
Amazon	Web	Services

Costs	will	be	$0.03/h

CSnCS4CS3CS2CS1



©	IAAS 127

Re
se
a
rc
h

Approach:	Aggregating	Concrete	Solutions

n Since	patterns	typically	solve	problems	in	
combination,	also	Concrete	Solutions	have	to	be	
combined

n The	means	to	combine	Concrete	Solutions	is	an	
Aggregation	Operator

P’ P’’ P’’’(s,g,…) (s’,g ’,…)

P’’’’(s’’,g ’’,…)

CS1 CS2 CS3 CS4 CS5 CS6 CS7�1 �2
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Approach:	Aggregation	Operator

n An	Aggregation	Operator	combines	solutions	on	the	
level	of	Concrete	Solutions

n Each	pattern	language	has	specific	Aggregation	
Operators
n Pattern	Language	of	a	specific	domain	

à Aggregation	Operators	combine	solution	artifacts	of	
this	specific	domain

n Example
n An	Aggregation	Operator	of	a	pattern	language	dealing	with	

software	design	patterns	may	simply	combine	programming	code

SI1 SI2�
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n Aggregation	depends	on	Preconditions and	
Postconditions of	Concrete	Solutions

n Preconditions	and	Postconditions	may	define	
functional	and	non-functional	dependencies
between	Concrete	Solutions

preconditions	

postconditions

Approach:	Preconditions	and	Postconditions

P’ P’’(s,g,…)

SI2 SI5

preconditions	

postconditions

�
✔

✔
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sc={PHP	will	be	
scaled

,…}

sc={WAR	will	be	
deployed	on	
Azure
,…}

sc={WAR	will	be	
deployed	on	
Beanst.	,…}

Scenario:	Management	Planlets

Forklift	Migration Elasticity	Management	Process

CS1.1 CS1.2 CS2.1 CS2.2

sc={WAR	will	be	
scaled
,…}

precondition:	
WAR	file
postcondition:	
WAR	on	Azure

precondition:	
WAR	file
postcondition:	
WAR	on	Elastic
Beanstalk

precondition:	
WAR	on	Elastic	
Beanstalk
postcondition:	
WAR	is	scaled

precondition:	
...
postcondition:	
...

Management	
Planlets

✔

✔

Aggregated

(s,g,…)

�
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Conclusion

n Methodology
n New	method	on	how	to	capture	patterns	by	storing	and	analyzing	

concrete	solutions

n Patterns	in	the	Humanities
n By	storing	the	concrete	solutions	a	pattern	gets	verifiable	(pattern	

provenance)
n Opens	the	possibility	to	use	analysis	tools	on	the	stored	solutions	to	

identify	patterns	(more	on	this	in	the	afternoon	session)

n MUSE	Method	&	Scientific	Paradigm
n Mental	model	from	natural	sciences	applied	in	humanities

n Formalization	&	Pattern	Application
n Improve	working	with	patterns	by	supporting	search	of	patterns	and	

navigation	through	pattern	languages
n Improve	the	application	of	patterns	by	pattern	refinement	links	and	

connecting	concrete	solutions	and	patterns
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...and	to	be	done

n Finding	entries	in	pattern	languages
n Finding	optima

n Optimal	paths	– ongoing	research
n Optimal	solutions	- ongoing	research

n Formalizing	aggregation	operators
n An	algebra	for	solution	aggregation

n Method	and	toolchain	to	leverage	pattern	refinement	
and	concrete	solutions
n Guidance	from	architecture	via	refinements	to	concrete	

implementations


