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Language Oriented Modularity (LOM), taking after Language Oriented Programming (LOP), is a
programming methodology that involves the development and use of Domain Specific Aspect
Languages (DSALs) on-demand during the software modularization process. A DSAL is a

programming language that is both domain-specific and aspect-oriented. It provides not only
domain-specific abstractions and notations like an ordinary Domain Specific Language (DSL) does,
but also a modularization mechanism for the separation of domain-specific crosscutting concerns.

Approach: Transforming DSAL code to annotated AspectJ code using a Language Workbench

[ Hides join points associated with this type to resolve multi-DSAL foreign advising conflicts @Hid F' Type o
public privileged aspect Logs {
[ Preserves the source location of the advice at the DSAL code to achieve compatibility with AJDT @BridgedSourcelLocation(line=1,

file="/mucommander/src/main/java/ ... /jobs.audit",
module="jobs.audit")
after(CopyJob job): execution(volid start()) && this(job) {
if (true) {

audit("start copying {0} files from {1} to {2} ({3})
job.nbFiles, job.baseSourceFolder,
job.baseDestFolder, job.files);

return;

}

logs for com.mucommander.job.impl.CopyJob:
case start log COPY STARTED with
nbF1iles baseSourceFolder baseDestFolder files
case finish log COPY FINISHED with
nbFiles baseSourcefFolder baseDestFolder
case interrupt log COPY INTERRUPTED with
baseSourceFolder baseDestFolder
case pause log COPY PAUSED with
baseSourceFolder baseDestFolder nbProcessedFiles
case resume log COPY RESUMED with
baseSourceFolder baseDestFolder;

Comparison between our Separating \/] r‘t New crosscutting feature jﬂﬂl
implementation of CooL and crosscutting concerns in the muCommander ™
the one in the AWESOME in the oVirt open source open source file manager |

composition framework virtualization platform Aspect solution for a missing feature of
auditing file operations written in a DSAL
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private estinationVds; ol - - .
private EngineError migrationErrorCode; Syntax- errors | | % 1- logs for com.mucommander.job.1impl.CopyJob: svntax for auditin
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public ninal String getDestinationVdsName C

| = case pause log COPY PAUSED with baseSourceFolder baseDestFolder nkm
| @ 6 case resume log COPY RESUMED with baseSourceFolder base
rocessVmOnDown() { ... }

Our @Hide annotations preserve .. i) {.. 3 Synchronization - ; # baseDestFolder

o \ " o . . . . . . d> getDestinationHostList() { ... } - . . .
ptlbiwﬁi:l’li;lin? : ?B{iit) : the join point “fingerprint” of the | # o-logs for com.mucommander.job.impl.Mkdir.

wacuteVmCommand() { ... } : . i
= : aspect code perfora() { ... } 10 case start & mkfileMode log MKF1le STAF
Og_zzziy Etop top & 1’} p : ScimmaniP[a?rjr_eter}s createMigrateVDSCommandParameters() § ... } 11 Cdse St.ﬂrt -I_i}q M"-’:DIH STﬁHTED wlth fl]_ec 1
on_ . Sublic void rumingSucceded() { ... 3 L 1> case finish & mkfileMode log MKFile FIb
‘:mpt y - false ’ protected void getDowntime() { ... }

1 S— er — . rivate void u te terMigrationToDifferentCluster AJDT Markers case fl“lﬂh -I_ﬂq MHDIH FIHIEHED wlth -l:l-l
1f (top == buffer.length) full = true; P vate Buatonn sorutatomvors) £ 3 O L3 [ 4 case 1nterrupt & mkfileMode log MKF1le rmrermoereo-w LEY

} Private Tolean BenligrateConprasset() {0 4 1= case interrupt log MKDIR INTERRUPTED with files

private int getMaximumMigrationDowntime() { ... }

private boolean isTumelMigrationtsed() { ... } 16 case pause & mkfileMode Tog MKFile PAUSED with fil Auto-Completion

private String getMigrationNetworkIp() { ... }

pOp ( ) - ’ private Etr}ing getMigrationNetworkAddress(Guid hostId, String migrationNetworkName) { 1_ cCase pause -I_ﬂq MH:DI H pﬂUSED w]_'th '|:1 -I_ES
re q uires ( ! e mp t \)" ) ; prate:t;ﬂl boolean Ir_igrati-:mInt.erfaceUp{\fdsNetwnrkInterface nie, List< 1' cCdse resume EH I'I'ka 1 ].EMEIdE -I.':'q Ml{ Fl ].E HESUMED Hlth -l:l ].ES
on entry {top = top - 1;} e Natuorkinterface> nics) § - 19 case resume Log MKDIR RESUMED with files

on ex i t { public AuditLogType getAuditLogTypeValue() { ... } 210
- L3 . - . - e l'
private AuditLogType getAuditLogForMigrationStarted() { ... }
f u ]_ l = f al_ Sse ; protected AuditLogType getAuditLogForMigrationFailure() { ... }
. =i L o : protected Guid getDestinationVdsId() { ... }
1 f ( t O p — O ) e mp t \)' -— t rue protected void setDestinationVdsId(Guid vdsId) { ... }

} ’ Auditing Code in the common root of all file operations

protected boolean canbDoAction() { ... }

} protected void setActionMessageParameters() { ... }
@0verride
public void rerun() { ... }

A - @0verride

° t A ° tJ th t th t k protected void reexecuteCommand() { ... }
s ec In s ec a uses e s ac protected void determineMigrationFailureForAuditLog() { ... }

@0verride

pLI b.l. i'l: ds pE'l:t AJAUditﬂ r { prat?:ted Guid getCurrentVdsId() { ... }
pointcut toLog(): call(* *.*(..)) && public String getDuration() { ..

public String getTotalDuration() { ... }

! -E'f.l_ﬂw {Within {A_]Audj_tﬂ r"']| :| ; public String getActualDowntime() § ... }

B0verride

bEfﬂrE{ }l . tDLGg { }l { -‘Lﬂg {thiSJﬂil’IPﬂil’lt :l i }' pr?tel:te:l String getLockMessage() { ... }
prGtEEtEd unid lﬂg{.]ﬂlﬂpﬂiﬂt J p} { private List <Guid™> getVdsBlackList() { ... }

protected List<Guid> getVdsWhiteList() { ... }

BoundedStack buf = BoundedStack.getInstance(); R o . _ - - : :
public List <PermissionSubject’> getPermissionCheckSubjects() { ... } 15 S5 Pause auto ._.'I'|'.§.-:.||| |||| l||| 'I'l-l._. :I | as 1T |:":'t'§'|-lt1-\_:|-|_-|_'-.'- M

try { if (buf != null) buf.add(jp); } @0verride

. _— oL . public void enPowerringtp() { ... } 216 // and woul | P stentially cause folder |~:|I|--'-I to auto-refre
catch(Exception e) { / ... skipped ... */ } } 2 getMalnFrameU getLeftPanelH getFnlderChangeMumtm‘H set

getMainFrame().getRightPanel().getFolderchangeMonitor().se

condition full = false, empty = true; public String getDueToMigrationError() { ... }

protected VDS getDestinationVds() { ... }

int top = O;
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Syntax Highlighting

puhllc void start() {
/f Return 1f job has already been started
if(getState() != FileJobState.NOT STARTED)
return;

Permissions

Y

} Re50|ution Of external variables public class AddDiskCormand < T extends AddDiskParameters>> ... { = ]
protected AddDiskCommand(Guid commandId) § ... } 20 setStatel(F1lelobState . RUNNING) :

1 1 1 ublic iskCommand arameters _— - - -
InSIde the coordlnator 2ublic izggls];gommandgi iara.me:ers:‘l t‘.‘[omma.n}dContext commandContext) 4 ... } e startDate = SYStem .currentTimeMilli 5': :I ’

20verride

protected boclean canDoAction() { ... } o - . .
Weaver protected beoolean checkIfLunDiskCanBeAdded(DiskValidator diskValidator) § ... } = ] obThread = new Thread |:1I|'I15 ’ get(ﬂ_asa |: :' . getName |: :l :l ;

\ Code Transformation protected boolean checkIfImageDiskCanBeAdded(VM vm, DiskValidator diskValidator) { ... } ) J obThread.start |: :| :

N EV Other Plugin private boolean isSharesableDiskOnGlusterDemain() § ... }
private boolean canAddShareableDisk() { ... } K

Language SDF Stl‘atego (AST) Stl‘atego (AST) ]a\la private boolean -:heckExceedingHaxB]-.ockDi skSize() { ... }

private boolean isStoragePoolMatching(VvM wvm) { ... }

Implementation || Grammar

cattered code was
CF Approach 34 761 (4168) 297 (3001) 1557 P s double et reion £ 3 separated out (which

@0verride

Our APProaCh 34 0 382 (3008) 0 protected boolean isvmExist() { ... } for some commands code tan 3 Iin 5

private DiskImage getDiskImageInfo() { ... }
ivate bool isE dMaxBlockDiskSi g

- - g 2;::;,;:;1&;:&:;;: g:::{m:ﬁm;;ap;:jg E % EXCEEd 25% Of thEIr private boolean internalCanDoAction() {

- Slgnlflcantly Iess COde protected DiskImageDynamicDao getDiskImageDynamicDao() { ... boolean returnvalue = ‘False;

rivate Gui etDisksStorageDomain !
vezige et L 3 koverall Loct) wry { Tangled code was separated

- - ~ - H — ublic Guid getStora eDomainId() { ... } Transaction transaction = I‘Il.l”; .
Slmple': (ngh Ievel programmlng- WIth- Enflfris_& jp | g_ bgect> getperniessonthecksungecte() { ...} y if (!isCanDoActionSupportsTransaction()) { out from the FileJob class
Pu |‘:- ist ermlsslonasul JQCt EQt ermlssionlnecEsu Jects “en ransac ion _— Tra_nsa_c ionSu ort.sus end ; .
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protected void setActionMessageParameters() { ... } }
@0verride try {

- Implementation done completely using protected void executetnCommand() { .. } returnValue =

private void createDiskBasedOnLun() { ... }

the SPOOfax Ianguage workbeI‘Ch protected VmDevice addManagedDeviceForDisk(Guid diskId, Boolean isUsingScsiReservation) iSUserAuthorizedTORunACtion() && iSBaCkwardscompatible()

L} & & validateInputs() && acquireLock()
protected VmDevice addManagedDeviceForDisk({Guid diskId) { ... } && c:a_nDoAc:tion() && internalValidateAndSetQuota();

tected bool houldDiskBePl d
zm::,1n;d°:r::tl;i;EBas::ﬂn;n;gﬁ{n__{} ¥ if (IreturnvValue && getReturnValue().getCanDoActionMessages().size() > 0) {

private void createDiskBasedOnCinder() { ... } log.warn("CanDoAction of action '{}’ failed for user {}. Reasons: {}",
private VdcActionParametersBase buildAddCinderDiskParameters() { ... } getAc:tionType() getUserNa.me()

private void setVmSnapshotIdForDisk(AddImageFromScratchParameters parameters) § ... } . . L . 'ty
private void addDiskPermissions(Disk disk) { ... } StringUtils.join(getReturnValue().getCanDoActionMessages(), , ));

20verride

Language Oriented Modularity: e ——

private boolean isDiskStorageTypeRequiresExecuteState() { ... }

by
¥ finally {

if (transaction = nu") {

F r O m Th eo ry to P r aCt i C e protected AuditLogType getEndSuccessAuditLogTypeValue(boolean successful) { ... } Tra_nsactionSupport.resume(tra_nsac:tion);

private AuditLogType getExecuteAuditLogTypeValue(boolean successful) { ... }

@0verride }
protected VdcActionType getChildActionType() { ... }
@0verride

by
. rotected List<Class< !>> getValidationGroups() §{ ... } catch (Data.ACCESSEXCEPtiOIl data.AccessEx) {
ReS ear C h traC k y Wed y 10 . 45, DO . 07 g”“rride : = : : 1og.error(" Data access error during CanDoActionFailure.", datalAccessEx);

protected Map<IString, Pair<String, String>> getSharedlocks() { ... } addCanDoActionMessage(EngineMessage.CAN_DO_ACTION_DATABASE_CONNECTION_FAILURE);

@0verride
protected Map<String, Pair<String, String> > getExclusiveLocks() { ... } } catch (RuntimeException ex) {

WUVGrrid'; g _ log.error(" Error during CanDoActionFailure.", ex);
protected void setLoggingForCommand() { ... } addCanDoActionMessage(EngineMessage.CAN_DO_ACTION_GENERAL_FAILURE);
private Guid getQuotaId() { ... } .
. @0verride } Flna"y {

This research was Supported protected void endSuccessfully() { ... } if (!returnValue) {

. . private void plugDiskToVmIfNeadsd() { ... } £ L k()'

In part by the |Srae| SCIenCG protected boolean setAndValidateDiskProfiles() { ... } } 18T (e ’

s @0verride
Fou ndatlon (ISF) u nder g rant public List<QuotaConsurptionParameter > getQuotaStorageConsumptionParameters() { ... } }
NO . 1440/14. }pr\otected StorageDomainValidator createStorageDomainValidator() { ... } return returnValue:




