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Language Oriented Modularity (LOM)

« Methodology

- For modularization via development and use of
Domain Specific Aspect Languages (DSALS)

 Theory

- Very powerful methodology
* Practice

- Underutilized in modern projects



oVirt — Open Virtualization

 Open source enterprise application for
providing and managing virtual data centers
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Scattered Code In oVirt

MigrateVmCommand

public class MigrateVmConmand < T extends MigrateVmParameters>> ...
private VDS destinationVds;
private EngineError migrationErrorCode;
private Integer actualDowntime;
public MigrateVmCommand(T parameters) { ... }
muhlie MiaratalimCammanAlT mieratalmParamatare CammandCantavt emdCantave) 1
@0verride
protected LockProperties applylLockProperties(LockProperties lockProperties) { ... }
PUBNS TINAI SLELNE BELUESLINALIOOVASNADEY | | - [
public String getDueToMigrationError() { ... }
protected VDS getDestinationVds() { ... }
@0verride
protected veoid processVmOnDown() { ... }
protected boolean initvdss() { ... }
private List <Guid}>» getDestinatiomHostList() { ... }
@0verride
protected void executeVmCommand() { ... }
private boolean perform() { ... }
private boolean nigratevm() { ... }
private MigrateVDSCommandParameters createMigrateVDSCommandParameters() { ... }
@0verride
public veid runningSucceded() { ... }
protected void getDowntime() { ... }
private void updateVmAfterMigrationToDifferentCluster() § ... }
private Boolean getAutoConverge() § ... }
private Boolean getMigrateCompressed() { ... }
private int getMaximmMigrationDowntime() {
private boolean isTunnelMigrationUsed() { ..
private String getMigrationNetworkIp() { ... }
private String getMigrationNetworkAddress(Guid hostId, String migrationNetworkName) {

prak::te:{ boolean migrationInterfaceUp(VdsNetworkInterface nic, List<

@0verride

public AuditLogType getiuditLogTypevalue() { ...

private &udltLogType gstAudltLogFuergrat 1onSta.rt,ed() e
B d

protected boolean canDoAction() { ... }
protected void setActionMessageParameters() £ ... }
@0verride
public void rerun() { ... }
@0verride
protected void reexecuteCommand() { ... }
protected void determineMigrationFailureForAuditLog() { ... }
@0verride
protected Guid getCurrentVdsId() { ... }
public string getDuration() { ...
public String getTotalDuration() { ... }
ing eath Dounti

Auditing

Permissions
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@0verride

public List<PermissionSubject getPermissionCheckSubjects() { ...
SUveLLLius

public void onPowerringtp() { ... }

AddDiskCommand

synchronization

public class 4ddDiskCommand <T extends AddDiskParameters> ... {
protected AddDiskCommand(Guid commandId) { ... }
public AddDiskCommand(T parameters) { ... }
public AddDiskCommand(T parameters, CommandContext commandContext) { ...}
@0verride
protected boolean canDofction() { ... }
protected boolean checkIfLunDiskCanBeAdded(DiskValidator diskValidator) { ... }
protected boolean checkIfImageDiskCanBeAdded(VM vm, DiskValidator diskValidator) { ... }
private boolean isShareableDiskOnGlusterDomain() { ... }
private boolean caniddShareableDisk() { ... }
private boolean checkExceedingMaxBlockDiskSize() { ... }
private boolean issStoragePoolMatching(vM vm) { ... }
protected boolean checkImageConfiguration() { ... }
private double getRequestDiskSpace() { ... }
@0verride
protected boolean isvmExist() { ... }
private DiskImage getDiskImageInfo() { ... }
private boolean isExceedMaxBlockDiskSize() { ... }
protected DiskLunMapDao getDiskLunMapDao() { ... }
protected DiskImageDynamicDao getDiskImageDynamicDao() { ... }
private Guid getDisksStorageDomainId() { ... }
@0verride
public Guid eetStoraceDomainidf) £ . %
glverride
public List<PermissionSubject> getPermissionCheckSubjects() { ... }

protected void setfctionMessageParameters() { ... }

@0verride

protected void executeVmCommand() { ... }

private void createDiskBasedOnLun() { ... }

protected VmDevice addManagedDeviceForDisk(Guid diskId, Boolean isUsingScsiReservation)

protected VmDevice addManagedDeviceForDisk(Guid diskId) { ... }

protected boolean shouldDiskBePlugged() { ... }

private void createDiskBasedOnImage() { ... }

private void createDiskBasedOnCinder() { ... }

private VdcActionParametersBase buildAddCinderDiskParameters() { ... }

P nrate void sechSnapshm:Id.ForDJ.sk(AddImageFromScratchParameters parameters] s

public AuditLogType getAuditLogTypeValue() { ... }

private boolean isDiskStorageTypeReguiresExecuteState() { ..

private AuditLogType getExscutsAudJtLugTyngaluu(bnul:an succnssful) L e
itLogT ds eT bool

protected VdcActionType getChildActionType() { ... }

@0verride

R I U P, TS NI L Py SR A

@0verride

protected Map<String, Pair<String, String> > getSharedLocks() { ... }
@0verride

protected Map<String, Pair<String, String>> getExclusiveLocks() { ... }
protected void setLoggingForCommand() { ... }

private Guid getQuotald() { ... }

@0verride

protected void endsuccessfully() { ... }

private void plugDiskToVmIfNeeded() { ... }

protected boolean setAndValidateDiskProfiles() { ... }

@0verride

public List<QuotaConsumptionParameter > getQuotaStorageConsumptionParameters() { ... }
protected StorageDomainValidator createStorageDomainValidator() { ...




Tangled Code In oVirt

CommandBase

private boclecan intarnall:anDﬂAl:tiﬂnl:} {
boolean returnvalue = false;
try {
Transaction transaction = null;
if [li:al:aJ:lIllcrAl:tiﬂnSuplertaTran:aal:ticm(}} {
transaction = Tra.u:aa:tiﬂnﬁuppnrt.au:apandl:};

}

try {

roatrnWaloaoe —

_isliaerAuthorizedToRunActionl ¥ && isRackwardsCompatible()
= Sede validatelnputs|) S acquireLock(
&8 raJ:Dnﬁrtlnn& &:& 1ntarua1va11uatﬂﬁnd.:atﬂu_ =
. . if (lrﬂturn‘faluﬂ & EﬂtRﬂtum‘n’aluﬂl:} r.!ﬂtl..-a.l:lIllnertlnnJ'[ﬂaa
permlSS]_OnS log.warn("CanDoMection of action '{}' failed for user {]- Reasons:
getActionType(), getUserName(),
Etringlrtila._jnin{gﬂtl’tﬂturn’n’aluﬂ{}.gﬂtﬂanﬂnﬁl:tinnﬂaaaagaa{}. '.'}};

Phinally ¢ synchronization

if (transaction l= null) {
TraJ:l:aal:tionEuppnrt.ra:auma{tramaal:tiﬂn};

¥

¥ catch (DataAccessException datakccessEx) {
ll:tg.arrctrl:.Dntn access error during CanDoActionFailure.", dataAccessEx);
addCanDoActionMessage {Enginﬂ]'[ﬂ ssage.CAN _II-D_ﬁlZI'IDN_DﬁTA.BﬁEE_CDNTI'ECI‘IDN_FAILLIEE} H

]- catch {RuntimaE:r.:qption q:r.} {
log.exrror( "Error during CanDeActionFailure.”, ax);
addCanDoActionMessage (Enginq]'[q ssage.CAN _IHJ_ACI‘IDN_GEH'EI{AL_FAILLIRE} H
1 ek 1

if [quturn‘u’aluq} {

. . freaLock();

synchronization }
I

return returnValue;

¥
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Contribution in a Nutshell

 Practical LOM

- Make the DSAL development process more like
that of DSLs
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Language Oriented Modularity (LOM)

A methodology that puts Domain Specific
Aspect Languages (DSALSs) at the center of
the software modularization process.
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Language Oriented Modularity (LOM)

A methodology that puts Domain Specific
Aspect Languages (DSALSs) at the center of
the software modularization process.

- On-demand development and use of DSALSs




Pros of LOM

 Separation of crosscutting concerns

- Improved software modularity compared to GPLs or
DSLs

« Domain specific languages

- Programming in more declarative and simpler
languages than GPALs

COOL
RIDL

DSL.s IDSAILS

AspectGrid KALA

Racer



Cons of LOM

 Cost
- Definition and implementation cost is higher
« Effectiveness

- Use of DSALs (compared to GPALS) is less
effective than DSLs (compared to GPLS)

DSLs DSALS




Working Hypothesis

 Making LOM more like LOP could make LOM
more practical

- DSALs more like DSLs (definition; implementation)
- DSALs more like GPALs (use)

DSLs DSALs GPAL




Problem Preview

Language Implementation



Language Definition

e Syntax
- Domain-specific notations and abstraction
« Semantics

- Complex to define the weaving semantics when
multiple DSALSs are being used simultaneously

DSLs DISYAYKS

Weaving Semantics Not Needed @



Language Implementation

 Language workbenches are for DSLs

- Produces a parser for the custom syntax
- Produces a transformation to some GPL

 No equivalent tool for DSALs

- The implementation of weaving semantics Is
generally a costly task

DSLs DISYAY K

© O

Compilation ‘ @



Language Use

 Programming with a DSL

- Language workbench produces editing tools
 Programming with a DSAL

- Simpler language but lacks development tools

DSLs DIYAVKS

Build Tools
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Key Idea

 Transform DSALSs into a kernel language that
Is based on a GPAL

- No need to implement a weaver per DSAL
- Aspect development tools for the GPAL would

work with the DSAL code
NEREN e EEEEENE

AOP Composition ' 1Y NV Y. &
AOP compiler
Framework

Weaver Plugin




Transformation-based Approach

* Restriction on crosscutting concerns
- CCC that could be modularized using a GPAL

e DSALSs can be transformed into that GPAL

- Aspect development tools for the GPAL would
work with the DSAL code

- Most of the developers program with simpler
and more declarative languages



GPAL-based Kernel Language

 The kernel language provides constructs for
resolving possible multi-DSALSs conflicts

- Hide joinpoint shadows In order to resolve
foreign advising issues

- Sort advise to resolve co-advising issues

* During transformation of DSAL code these
constructs can be defined declaratively

- Annotate join points that should be hidden
- Annotate advice so they could be sorted

 The simpler the DSALSs are, the less common
these conflicts are



Leveraging Language Workbench

 Most of the DSAL development can be done
using a language workbench
- Grammar definition for the DSAL

- Transformation of the DSAL to the kernel language

 Supportive tools provided by a language
workbench

- Reduce the implementation cost
* Editing tools for programming with the DSALSs

- Generated by the language workbench
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LOM for oVirt

« We implemented DSALSs for 3 crosscutting
concerns found in the oVirt project

- Synchronization
- Permission checks
- Auditing



Demonstration - oVirtSync

 Developing a DSAL for synchronization in oVirt:

https:/lyoutu.be/uj80yWutQak

* Resolving synchronization in oVirt with DSAL.:
https:/lyoutu.be/PTy9rYDQSo04

 The code is available on GitHub
https:/Igithub.com/OpenUniversity



Implementation Effort

 One time effort

- Compiler for the kernel language
 Per-application effort

- Compile oVirt with AspectJ compiler
 The produced DSALs were

- Relatively easy to define
- Relatively easy to implement
- Relatively easy to use


https://youtu.be/uj80yWutQak
https://youtu.be/PTy9rYDQSo4
https://github.com/OpenUniversity
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Related Work

« Domain Specific Aspect Languages

- [Fabry at al., 2015] A Taxonomy of Domain-Specific Aspect
Languages.

 Transformation-based AOP Composition Frameworks

- [Shonle at al., 2003] XAspects: An extensible system for domain
specific aspect languages.

- [Tanter, 2006] Aspects of composition in the Reflex AOP kernel.
 SpecTackle

- [Lorenz and Mishali, 2012] SpecTackle: Toward a specification
based DSAL composition process.



Summary

 We bring the DSAL development process one
step closer to the development process of DSLs

- For a class of DSALSs that are In a sense
reducible to a GPAL

 That way, their cost-effectiveness is improved

- The implementation cost is reduced
- The definition cost could be reduced
- The effectiveness of using them is increased

 That may make the LOM methodology practical
for real-world software development process
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Too Too

Tailored to a specific general
specific application .

Disposable
Aspect
Languages
(DispALS)

%
’ Reusability

. . . . I . . I _ .
Application-specific | Cross-applications = Cross-domains
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* Challenge general conception of language design

- Lower reuse may improve cost-effectiveness



Conclusion

* New classes of DSALs
- Application specific
- Disposable
 Challenge general conception of language design
- Lower reuse may improve cost-effectiveness
* Agile-like software modularization process

- Start with disposable DSALs and gradually
move to reusable DSALs



Thank You!

Arik Hadas
Dept. of Mathematics and Computer Science
The Open University of Israel

arik.hadas@openu.ac.ll
https://github.com/OpenUniversity
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