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Developers spend more time
reading than writing code



There Is a gap
between Models

and Code



The architecture

... IS hot in the code
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Specialized analyses
require custom tools




Agility in Moose
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Moose is a platform for
software and data analysis

e 06 Moose Finder - igeEnt86-2009-05-25 (MooseModel) O

Properties | Evaluator | | ClassGroup - 1814 items | Properties W Evaluator |

All famixaccess (32789 FAMIXAccesses) naono o [| a 3 7 [l R

All famixannotationinstance (3351 FAMIXAnnotationinstances) O u go/.eo O I] O I] ooo . og o o

All famixannotationtype (11 FAMIXAnnotationTypes) [I I 0O gooogQgopogopgooq dank
o

All famixattribute (7036 FAMIXAttributes) o tilt 0 I] 0 I]

po
All famixcaughtexception (2279 FAMIXCaughtExceptions)

All famixclass (2447 FAMIXClasses)

All famixdeclaredexception (5209 FAMIXDeclaredExceptions)
All famixfunction (2 FAMIXFunctions)

All famixinheritance (3338 FAMIXInheritances)

All famixinvocation (35864 FAMIXInvocations)

All famixlocalvariable (14303 FAMIXLocalVariables)

All famixmethod (13827 FAMIXMethods)

All famixnamespace (307 FAMIXNamespaces)

All famixparameter (11958 FAMIXParameters)

All famixprimitivetype (9 FAMIXPrimitiveTypes)

Moose is a platform for modeling software
All famixsessionbean (39 FAMIXSessionBeans) artifacts to enable software analysis.

All famixthrownexception (869 FAMIXThrownExceptions) Moose has been developed for well over a

decade. It is the work of dozens of
LT 2] s ST L S) researchers, and has been the basis of

All model namespaces (238 FAMIXNamespaces) numerous academic and industrial projects.
Group (515 FAMIXMethods)

www.moosetechnology.org



http://www.moosetechnology.org
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System complexity - Clone evolution view

Class blueprint - Topic Correlation Matrix - Distribution Map
for topics spread over classes in packages

Hierarchy Evolution view - Ownership Map
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. Demo: visualizing
~®  name cohesion
] l._-l within packages

. A

PR a ¥
<

Script v Variable Value

view shape rectangle cdassGroup Group (26..Classes)
size: #namelength;
identityFillColorOf: #namespaceScope.
view nodes: classGroup.
view edgesToAll: [ :class |
cdassGroup select: [ :eachTarget |
(eachTarget name pairsDistanceFrom: class name) > 05]].
view graphvizLayout neato.

Meyer et al. Mondrian: An Agile Visualization Framework.
SoftVis 2006. DOI: 10.1145/1148493.1148513




Agile Modeling |




Orion DSM BugMap

Roassal

Smalltalk
Extensible meta model

Java Model repository

Python
y Navigation

C++ Metrics

Querying

Grouping

Smalltalk

Moose is a powerful tool
once we have a model ...

Nierstrasz et al. The Story of Moose.
ESEC/FSE 2005. DOI: 10.1145/1095430.1081707




Challenge

Load the model in the morning,
analyze it in the afternoon
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The key bottleneck to assessment is creating a suitable T 3 "_‘ =7
model for analysis. If a tool does not already exist, it can take . S=c=.. | ey e
days, weeks or months to parse source files and generate = Sk
models. O A e\



Problems

Unknown

languages

Unstructured text

Heterogeneous projects

Developing a parser for a new language is a big challenge.
Parsers may be hard to scavenge from existing tools.

Not only source code, but other sources of information, like bug
reports and emails can be invaluable for model building.

Few projects today are built using a single language. Often a GPL
is mixed with scripting languages, or even home-brewed DSLs.



Ideas Grammar
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Hooking into
an existing tool

Parsing by Example



Agile Modeling Lifecycle

Build a
coarse model

Refine the Build a custom
model analysis




ldea: use island grammars
to extract coarse models

class Shape

int x;
: . 'class' ID
int y; (method / . ) *
'end’
method draw() .. end
method?
end

method main() .. end method »m




Problem: island grammars
lead to shipwrecks

class Shape

method § :l ? end Tweaking island grammars till

they work Is not an option ...

L 'class' ID

TR— (method / !'end' !method)*
'end’

method?



A Bounded Sea searches for an
Island In a bounded scope

'class' ID
(~method~) *
'end’

method?

~method~ » [aj
method » m
~ ~ »

Jan Kurs, et al. Bounded Seas: Island Parsing Without
Shipwrecks. SLE 2014. DOI: 10.1007/978-3-319-11245-9_4

¥



Architectural Monitoring




Challenge

“What will my code
change impact?”

Large software systems are so complex that one can never
be sure until integration whether certain changes can have
catastrophic effects at a distance.

Ideas: Tracking Software Architecture; exploiting Big
Software Data




Problems

SA is not in the code

The IDE focuses on code



Ideas

Uncovering “Software
Architecture in the Wild”

Architecture monitoring
(beyond dependencies)



What is SA in the Wild?

e0o0

' Architecture Constraints

C ff " scg.unibe.ch/survey/survey.php - ) ;']

Survey on Architectural Constraints

In the following survey you will be asked to estimate the relevance of several architectural constraints.
Al each step you will be presented with:

« an architectural concemn: an interest which pertains to the system's development, its operation or any
other aspects that are critical or otherwise important to one or more stakeholders.

¢ some constraint examples related to the specified architectural concern.

+ questions related to constraints associated to the specified architectural concern.

The evaluation is subjective and should be based on your personal professional experience.
Before expressing your evaluation, please make sure you carefully read and understand the examples given for
each constraint. All information obtained from this study will be kept anonymous.

Motivation
The architecture of a software system consists of design constraints that guarantee non-functional

properties, such as ease of evolution, good run-time performance, and rapid build times.

Architecture is rarely explicit in code and alignment between intended and actual architecture is often very
difficult to validate and requires consistent human effort.

There have been several attempts to address this problem (e.g. component dependencies: JDepend,
Sotograph, Structure 101; performance: JMeter) but there are stil many aspects that remain ignored.

Our goal is to develop new ways for expressing and verifying architectural constraints.

We envision a set of tools that help identifying implementation solutions that break specified architectural
requirements. This questionnaire will help us to identify the most relevant and commonly specified aspects of an
architecture. This will provide a solid starting point for our research project

Thanks for your collaboration. gg:;o?: z:gc'::_unibem

_

Andrea Caracciolo, et al. How Do Software Architects Specify
and Validate Quality Requirements? Software Architecture 2014.
DOI: 10.1007/978-3-319-09970-5_32 ’




constraint Impact (1-5) |

availability 4.2

I m pact of SA response-time 4.0
authorization 3.9

= authentication 3.6
co n St ra I n ts communication 3.4
throughput 3.4

signature 3.4

software infrastructure 3.3

data integrity 3.3

overaitity 3.1

3.1

3.0

3.0

hardware infrastructure 2.9

system behavior 2.9

data structure 2.9

event handling 2.9

code metrics 2.7

meta-annotation 2.6

naming conventions 2.6

file location 2.5

accessibility 2.5

software update 2.2




Automated Validation is not Prevalent

authorization

throughput -

response-time

data retention policy - .

authentication

data integrity -

visual design

code quality -

meta-annotation

accessibility -
communication
availability -
event handling - [

data structure

software infrastructure
signature
dependencies
recoverability _

software update
hardware infrastructure
file location

naming conventions

| | | | |
0% 25% 50% 75% 100%




Formalization i1s not Prevalent

dependencies e
signature -
data structure
meta-annotation -
naming conventions 1
event handling 1
authorization 1
data integrity -
communication 1
visual design -
code metrics1
file location 10 e
availability -
response-time1
throughput 0
data retention policy 10
authentication 1000

software infrastructure 100

ER UML + proflle
. Regex, BNF

recoverability -l annotations
accessibility - :
hardware infrastructure - Ty [
software update— -

I I
0% 25% 50% 75% 100%
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Architectural Rules

g Naming Conventions N

-

“Repository interfaces can only
declare methods named find..()”’

“Only Service classes are allowed
to throw AppException”

Performance

“The rendering operation has to be
completed in less than 4ms”




Rule Validation
xmli A

: A java A | l

B
I

uml

Limited functionality
Poor usability




Dicto — a unified ADSL

f_\ A
—
\\/ J

Andrea Caracciolo, et al. Dicto: A Unified DSL for Testing
Architectural Rules. ECSAW '14. DOI: 10.1145/2642803.2642824




Dicto Rules \

MyService : Website with url=*http://www.abc.com/api”
MyService must HandleLoadFrom("10 users")
MyService cannot HaveResponseTimeLessThan(“1000 ms")

MyService can only HandleSOAPMessages ()



Periodic Validation

NTHODRCTON AND IACKGHOWD

Courvomrn N bows vt of e GCBE amrmenation s 1988 1s 2003, e Ousications wnd Cumiokom

poraas g
OEH gk, 9

e e e e ey s o £ e be

G CESE st it 1 e o T s w8 shnd piainge o Gortrobed
a———r 3% T o 8%
. o mpmvon, =

-

g,

T # 12 PeaeAvmrd o e w2 aneed e RTS8 9710 443 43 aharte £ 4 20
Sl s [
S e rmatr o bt e

oy owcs

. ——

e e
s e e s Vil o rseecrs e raied coret swsesamert B wvien o et

e rre Corfierce P o Grabucod & kel P Wrderts cun Howerer bt of P

o ety

e

Ty T




Rule Examples

Website response time AjTrn,.,, |
Website load testing e

Dependencies

Code clones d
O
Deadlock freeness T8

File Content grep



Moldable Tools




Challenge

Build a new assessment
tool in ten minutes

Custom analyses require custom tools. Building a tool should
be as easy as writing a query in SQL or a form-based
interface.




Problems

What tools do
developers really need?

&

What is a unifying

meta-model for tool What are appropriate
construction? meta-tools?




Ideas
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“Moldable” Tools
(not just plug-ins)



x - 0O Halt

Stack P I« . » ». ¥ Source v x Q

RubScrolledTextMorph>>whenTextAcceptRequest: “ whenTextAcceptRequest: anAnnouncement

self halt.

self announcer announce: anAnnouncement.
self acceptContents

MessageSend>>value:

MessageSend>>cull:

MessageSend>>cull:cull:
AnnouncementSubscription>>deliver: in Block: [ acti
BlockClosure>>on:do:

BlockClosure>>on:fork: C O n Ve n t i O n a. I d e b u g g e rS

AnnouncementSubscription>>deliver:

SubscriptionRegistry>>deliver:to:startingAt: in Block " t ff . t f t
BlockClosure>>ifCurtailed: J u S O er an I n er ace O
SubscriptionRegistry>>deliver:to:startingAt:

the run-time stack.

SubscriptionRegistry>>deliver: v
N P
50/59
Type Variable Value -
_self a RubScrolledTextMorph(369885184)
_stack top a RubTextAcceptRequest
_thisContext RubScrolledTextMorph>>whenTextAcceptRequest:
EOENS  alwaysAccept nil
I?I anAnnouncement a RubTextAcceptRequest
B8  autoAccept false
i

[ -—=1 | i P L W N, 1, W) N — o 2 W W Wi S AN




Generic Debugger

Specific Models

x - 0O Halt
Stack P 4 o v Source v x Q
P *  whenTex ptReq ment
self halt.

MessageSend>>value:
self announcer announce: anAnnouncement.

MessageSend>>cull:
self acceptContents

MessageSend>>cultcull:
AnnouncementSubscription>>deliver: in Block: [ acti
BlockClosure>>on:do:

BlockClosure>>on:fork:
AnnouncementSubscription>>deliver:
ubscriptionRegistry>>deliverto: :in Block

Mind the abstraction gap

BlockClosure>>ifCurtailed:

Y
SubscriptionRegistry>>deliver:to:

SubscriptionRegistry>>deliver: v
< >
50/59
Type Variable Value -
_self a RubScrolledTextMorph(369885184)
_stacktop a RubTextAcceptRequest
_thisContext RubScrolledTextMorph>>whenTextAcceptRequest:
(ST  alwaysAccept nil
() anAnnouncement aRubTextAcceptRequest
(I autoAccept false

Domain-specific Debuggers

x - O Announcement Centric Debugger
aRubscrolledTextMorph v b x lom oo Q Ry Stk
self halt. MessageSend>>value
It -~ - PetitParser Debugger
e o a e P Mmoo Y source v x Q[ Stream Q .~
PPStream(ReadStream) “  parseon: aPPContext aLong32identifier

Subscriptions  Anr.

x - O Glamour Debugger

Announcement Type ateObje
RubTextAcceptRequ  pppelegateparser(di . Browser structure 0@~
RubTextAcceptReque 8! (dig stack P oy
Gl MComposi v 5 n —
oL M Onwith:
< entity
6l MC penon:
aRubEdiinghrea GLMBasicExamples class(GLMExamples class)>>open "’ji‘:‘“”"”
UndefinedObject>>Dolt #sdlection
acceptContents
"The m is
s in Block: [aC valueWithi_ Exanpleshrowser
cept the curr < -
Tabulatgr
self announc N v xap
morph: se Yhiart>>Nol
self changed starton: anObject “'ﬁles |"E>\§imnlE |

Type Variable ventity | [rentity

self entity: anObject

T — self sselection
_stack top.
_thisConty Composite Composite
L] L] [parameter LIS
Activation =
reme ] properties |yypa Variable Value A
_self a GLMExamplesBrowser(id=...LMPane(527171584 root))
. — _stacktop GLMBasicExamples
_thisContext GLI MCo...|
Predicate -
= actions. nil
[EEIEE) anobject GLMBasicExamples v

Debugging *| Debugging
Widget Action

Andrei Chis et al. The Moldable Debugger: A Framework for Developing
Domain-Specific Debuggers. SLE 2014. DOI: 10.1007/978-3-319-11245-9_6




PetitParser

L.
/N

CE )

identifier l

letter , (letter / digit) *
L.
i letter i digit




dentifierParser new
parse: aLong32ldentifier



x - O Default Debugger

Stack P 1« . » »* v  Source

PPStream(ReadStream)>>next - parseOn: aPPContext

PPContext>>next A parser parseOn: aPPContext
PPPredicateObjectParser>>parseOn:
PPDelegateParser>>parseOn:
PPChoiceParser>>parseOn:
PPPossessiveRepeatingParser>>parseOn:
PPSequenceParser>>parseOn:
PPDelegateParser>>parseOn:
PPEndOfinputParser>>parseOn:
PPldentifierParser(PPDelegateParser)>>parseOn:
PPldentifierParser(PPParser)>>parseWithContext:
PPIdentifierParser(PPParser)>>parse:withContext:

PPIdentifierParser(PPParser)>>parse:

v
4 >
Type Variable Value
_self a PPDelegateParser(identifier)
_stack top a PPContext
_thisContext PPDelegateParser>>parseOn:
aPPContext a PPContext
m parser a PPSequenceParser(273678336)

m properties a Dictionary(#name->#identifier )

v x Q [3



x - O

Stack . U

PPStream(ReadStream)>>next

PPContext>>next

I'I

L

PetitParser Debugger

Source
A

v x Q [5] Stream Q

parseOn: aPPContext
A parser parseOn: aPPContext

PPPredicateObjectParser(129761280, 'digit expected’):

PPDelegateParser(digit)>>parseOn:

PPChoiceParser(1017118720)>>parseOn:
PPPossessiveRepeatingParser(214958080)>:
PPSequenceParser(935854080)>>parseOn:
PPDolegatoPamr(idontiﬁaerarseOn:
PPEndOfinputParser(239861760)>>parseOn:
PPIdentifierParser(PPDelegateParser)(471334912)>>p:

PPldentifierParser(PPParser)(471334912)>

PPldentifierParser(PPParser)(471334912)>

PPldentifierParser(PPParser)(471334912)

| IndafinadNhiart>>Nalt

<4
Type Variable
_self
_stack top
_thisContext

aPPContext
G0 parser
m properties

>parseOn:

a PPDelegateParser(identifier)
a PPContext
PPDelegateParser>>parseOn:

a PPContext
a PPSequenceParser(935854080)

a Dictionary(#name->#identifier )

aLong32Identifier

First Follow

Source Graph Map Example
identifier—| letter [————*| letter
>>parseWith(
>>parse:with —*|digit
>>parse: *
v
>
Value

-



Domain specific-extensions

Activation
Predicate
Debugging | *| Debugging | Debugging |*
Widget Action Predicate
*l : ?
Debugging | > Debugging Primitive HighLevel o
View Session Predicate Predicate




Debugging Debugging
widgets actions

Next parser

Stack P 4 ¥ > bW Source v x Q Stream Q v~

parseOn: aPPContext along32identifier N ext p rOd u ct i o n

A parser parseOn: aPPContext

PPDelegateParser(digit)>>parseOn:

Production(aproduction)

PPDelegateParser(identifier)>>parseOn:

Source Graph Map Example First Follow

it [} [}
[

PPIidentifierParser{PPDelegateParser)(471334912)>>p:

Next failure

Type Variable Value
_self a PPDelegateParser(identifier)
stack to a PPContext N
:thisContht PPDelegateParser>>parseOn: Stream pOSItlon(an I nteger)
aPPContext a PPContext
parser a PPSequenceParser(935854080)
properties a Dictionary(#name->#identifier )

Stream position changed



Petit Parser Events

S PetitParser Debugger « -0 Asnouncement Centric Debugger
Stack LN R Y Source v x Q Stream Q .~ — “ramaAsmqpe "
PP R t g e Taw b gt Bt v~ L
parseOn: aPPContext aLong32identifier B —
PPC A parser parseOn: aPPContext - - o - -
PPDelegateParser(digit)>>parseOn:
PP P 585 L e T e e I S -
g: ( tifier) L ol -t
P tP 2 7 Source Graph Map Example = First = Follow -~ .
PF legateParser)(471334912)>>p: o ) - e
" i it}
PP 21334 —| -
" YIRS S Nkt
550 v Pondaragave s s Q- ag -
< > - on PP
eptComtmets . ot , e .re
Type Variable Value — >
_self a PPDelegateParser(identifier) s .
_stack top a PPContext SONCE | (AT TR (APt RO R N Socw .
_thisContext PPDelegateParser>>parseOn: - . 2 . —
aPPContext aPPContext
parser a PPSequenceParser(935854080)
properties a Dictionary(#name->#identifier )
x - O SUnit Debugger x - O Glamour Debugger
Stack P 14 v o+ I v Source v x Q Stack > -  Browserstructure e ®~
GTSUnif ailingTest(T¢ J>>assert: ription: * testMultiValuedStreaming - 6L MC: on: A "
3 100!
GTSUni ailingTest(T )>>assert:equals: | headers keysAndvalues | 6L MC On:with
. o . headers := ZnHeaders new. ) #entity
oT: g o te' put: 'foo=1' 6L MC on:
= - headers at: 'Set-Cookie' put: 'foo=1'. P sraflselection
GTSL ailingTest(TestC p ITest headers at: 'Set-Cookie' add: 'bar=1'. GLMBasicExamples class(GLMExamples class)>>open
GTSUnitExampleFailingTest(TestCase)>>runCase in Block: [ ... headers at: 'Content-TYPE' put: 'text/plain'. UndefinedObject>>Dolt #sglection
BlockClosure>>ensure: headers at: 'Content-Length' put: '128'. Comoi arg
GTSUnitExampleFailingTest(TestCase)>>runCase keysAndvalues := OrderedCollection streamContents: [ : stream RubSmalltalkEditor>>debug:receiver:n: in Block: [ aCompiledMethod valueWithi Exaplesfrowser
N o headers headersDo: [ :key :value | v
GTSL ailingTest(TestC g in Block: [ (self ¢ < >
stream nextPut: key; nextPut: value ] ]. Tabulathr
BlockClosure>>ensure: self assert: keysAndvValues equals: #('Set-Cookie' 'foo=1' o v x
GTSUnif ailingTest(TestC debug 'Set-Cookie' 'bar=1' 'Content-Length' '128' 'Content-TYPE' #. | ,\a 1 |
y " . A . : it e
GTSUnitexampleFailingTest class(TestCase class)>>debug: text/plain') asOrderedCollection startOn: anObject = e
PackageT! ilusUl)>>runTestF #entity #entity
. R v self entity: anObject
< > v #iselection
Actual vs. expected  Inspector Composite Composite
O Pretty print
Set-Cookie Set-Cookie -
foo=1 foo=1 Type Variable Value A
Set-Cookie Set-Cookie _self a GLMExamplesBrowser(id=...LMPane(527171584 root))
bar=1 bar=1 _stacktop GLMBasicExamples
Content-Length Content-Length _thisContext GL MCo. On:
128 128 acceptsSelection nil
Content-Type Content-TYPE actions nil
text/plain text/plain anObject GLMBasicExamples v




New debuggers are cheap

Session |Operations|View|Total
Base model 800 700 - | 1500
Detault Debugger| - 100 400 | 500
Announcements 200 50 200 | 450
Petit Parser 100 300 200 | 600
Glamour 150 100 50 | 300
SUnit 100 - 50 | 150




The Moldable Inspector

x - 0O
a PGConnection (a PGConnection)

State SQL Meta

select

city.countrycode,
city.name as cityname,
city.population,
country.lifeexpectancy as life,
country.continent

from city

left join country

on city.countrycode=country.code

Inspector on a PGConnection (a PGConnection)

a PGResultSet (a PGResultSet)

State Result

countrycode
AFG
AFG
AFG
AFG
NLD
NLD
NLD
NLD
NLD
NLD
NLD
NLD
NLD
NLD
NLD
NLD
NLD

NI D

Meta

cityname
Kabul
Qandahar
Herat
Mazar-e-Sharif
Amsterdam
Rotterdam
Haag
Utrecht
Eindhoven
Tilburg
Groningen
Breda
Apeldoorn
Nijmegen
Enschede
Haarlem
Almere

Arnham

population

1780000
237500
186800
127800
731200
593321
440900
234323
201843
193238
172701
160398
153491
152463
149544
148772

142465
120070
50 /4079

life
459
45.9
45.9
45.9
78.3
78.3
78.3
78.3
78.3
78.3
78.3
78.3
78.3
78.3
78.3
78.3

78.3
72 2

continent

Asia

Asia

Asia

Asia

Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe
Europe

Eurnna

a GET2DiagramBuilder (a GET2DiagramBuilder)

View State Meta

Mumbai (Bombay) [ G

Ciudad de MA©xico

Peking [ G
London
oelhi [
Cairo [
reheran [
I;hcnujqn1QIIIIIIIIIIIIIIIIIIIIIII
Bangkok [ G




Conclusion

Current IDEs offer
developers primitive
support for software
assessment

Developers need support
for agile modeling,
architectural monitoring
and moldable tools



