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Abstract — Language Oriented Modularity (LOM) is a methodology that is based on Language Oriented Programming (LOP)
but applied to Domain-Specific Aspect Languages (DSALs) rather than Domain-Specific Languages (DSLs). LOM involves the
construction, composition, and use of DSALs on-demand during the software modularization process, in order to separate
out crosscutting concerns (CCC). However, LOM is underutilized and often not used at all in modern projects. The goal of
this research is to improve the applicability of LOM for resolving crosscutting concerns in real world projects.

INn Theory — LOM Improves Modularity

Language oriented modularity (LOM) is a programming
methodology that promotes construction and composition of
Domain Specific Aspect Languages (DSALs) in order to
separate out crosscutting concerns (CCC).

INn Practice — LOM is Underutilized

Need to implement the weaving semantics per DSAL AOP C .y
without supportive development tools for DSALS. omposition
Framework

Contribution — Practical LOM

Significantly reduce the cost of implementing and using
DSALs that are “reducible” to a general purpose
aspect-oriented programming language.

AOP compiler

Xcutting Problem LOM Solution

puHic class MigrateVmCommand<{T extends MigrateVmParameters> ... {
private VDS destinationVds;
private EngineError migrationErrorCode;
private Integer actualDowntime;
public MigrateVnCommand(T parameters) { ... }
public MigrateVnCommand(T migrateVmParameters, CommandContext cmdContext) { ... }
@0verride
protected LockProperties applyLockProperties(LockProperties lockProperties) { ... }

i ovirt.audit &
2 1-logs for org.ovirt.engine.core.bll.MigrateVmCommand (overrides):

Log VM MIGRATION DONE,

DSAL with easy-to-use
2= case success & 1sReturnvalueUp syntax for auditing

public final String getDestinationVdsName() { ... }
public String getDueToMigrationError() { ... }
protected VDS getDestinationVds() { ... }
@0verride

protected void processVnOnDown() { ... }

4 case success & internal
5 Llog VM _MIGRATION_START SYSTEM INITIATED,
£ case sUCCess

protected boolean initvdss() { ... }

@0verride

11 log VM _MIGRATION_FAILED

private List<Guid> getDestinationHostList() { ... } . . 7 ].0!] "u"M_MI GRATI DN_ST.I'—'!.RT B .

oventad void executeVaConmand() { ... } Synch ronization | == case failure & isHostInPrepareForMaintenance Transformlng DSAL code
private too:ean perforn() { ... } - ].0!] "u"l'"'lTI""ll GRATION FAILED DURING MOVE TO MAIMTEMANCE,

e oot L1 eevonsgraserscomandparanerers() { . 3 10 case failure to a GPAL aspect

public void runningSucceded() { ... 3 N
protected void getDowntime() { ... } £ |,
private void upd.atevmfterMigraz;.o{r:lToD:i;ferentcluster() {..3} 132
private Boolean getAutoConverge . .
private Boolean getMigrateCompressed() { ... } #14-logs for org.ovirt.engine.core.bll.storage.export.ExportVmTemplateCommand:
private int getMaximumMigrationDowntime() { ... } =
private boolean isTunnelMigrationUsed() { ... } 15 case EXECUTE & success
erivte String etlgmtionbetmoritpQ LY 16 Log IMPORTEXPORT STARTING EXPORT TEMPLATE,
private String getMigrationNetwor ess(Guid hostId, String migrationNetworkName — v
17 case EXECUTE & failure . -
prote:te:l boolean migrationlnt.erfaceUp(VdsNetuorkInterface nic, List< 15 10'] I MPDRTEKPDRT EKPDF{’" TEMPLATE FAI LED lmplementl ng code tra nsfo rmatlon
VdsNetworkInterface™> nics) { ... } 1c END SUCCESS E Succegs — ’
@0verride : cdse O
publc iagty gopsaiiogtypteine) £23 20 Loy IMPORTEXPORT_EXPORT_TEMPLATE, using a Language Workbench
prote:te: AuditLogType getAuditLogForMigrationFailure() { ... } 21 case END_SUI:I:ESS e 'I:a]_]_u re ‘
rotected Guid getDestinationVdsIdl —
Erotected vid setDese inationtas a(busd vab1a) € . 3 i 22 log IMPORTEXPORT_EXPORT_TEMPLATE_FAILED
@0verride 23
protected boolean canDofiction() { ... } ‘.__- !
protected void setActionMessageParameters() { ... } 24

@0verride

public void rerun() { ... 3}

@0verride

protected void reexecuteCommand() { ... 3}
protected void determineMigrationFailureForAuditlog() { ... }
B0verride

protected Guid getCurrentVdsId() { ... }

public String getDuration() { ... }

public String getTotalDuration() { ... }

public String getActualDowntime() { ... }
@0verride

protected String getLockMessage() { ... }
private List<Guid> getVdsBlackList() { ... }
protected List<Guid> getVdsWhiteList() { ... }
@0verride

Auditing

25~ logs for org.ovirt.engine.core.bll.storage.disk.AddDiskCommand :

27 log ADD DISK_INTERNAL,

029 ;

PermiSSionS 4 acquireLock the DSAL

4 acquireLockAsyncTask

4 acquireLockInternal I

265- case EXECUTE & success & internal & 1sDiskStorageTypeRequiresExecuteState Generate IDE Support

28 case EXECUTE & success & | for programming with

public List<PermissionSubject> getPermissionCheckSubjects() { ... }
B0verride

4 canRunActionOnNonManagedVm

protected boolean checkImageConfiguration() { ... } [ AJ DT Marke rs ..: }

@0verride

protected boolean isvmExist() { ... } o
private DiskImage getDiskImageInfo() { ... } e |
private boolean isExceedMaxBlockDiskSize() { ... } —
protected DiskLunMapDao getDiskLunMapDao() { ... } '-

protected DiskInageDynanicDao getDiskInageDynamicDao() { ... } % 2-locks for org.ovirt.engine.core.bll.storage.disk.AddDiskCommand (sync):
private Guid getDisksStorageDomainId() { ... } E i i
e exclusively (overrides) {

@0verride

puble ouid gorsroragsbonnintd() £ .. } 10 group: VM_DISK_BOOT instance: getvmId if isBootableDisk
public List<PermissionSubject> getPermissionCheckSubjects() { ... } 11

@0verride

rotected void setActionMessageParameters

e Syntax-errors
protected void executeVmCommand() { ... }

private void createDiskBasedOnLun() { ... }
prote:ted VmDevice addManagedDeviceForDisk(Guid diskId, Boolean isUsingScsiReservation) {

private double getRequestDiskSpace() { ... }
message: ACTION TYPE_FAILED VM IS BEING MIGRATED <"VWmMame", getVmName:=

inclusively (overrides) {
group: VM instance: getVmId
s

1: .
]

= &,
protected VmDevice addManagedDeviceForDisk(Guid diskId) { ... }
protected boolean shouldDiskBePlugged() { ... }

private void createDiskBasedOnImage() { ... }

private void createDiskBasedOnCinder() { ... } 17 -I‘ECI{S fﬂ r B'ﬁur:!‘!r -

private VdcActionParametersBase buildAddCinderDiskParameters() { ... } 1:;:

private void setVmSnapshotIdForDisk(AddInageFromScratchParaneters parameters) { ... } (1) RuntimeValuePropertylnfo - com.sun.xml.internal.bind.v2.model.runtii

private void addDiskPermissions(Disk disk) { ... }

@0verride
public AuditLogType getAuditLogTypevalue() { ... } . ﬁ RuntimeValuePropertylnfolmpl - com.sun.xml.internal.bind.v2.model.i
private boolean isDiskStorageTypeRequiresExecuteState() { ... } [ Auto-com pletlog p ? p

private AuditLogType getExecuteAuditLogTypeValue{boolean successful) { ... } : = . : ’ .
protected AnditLopType gatEndSnccassiuditlopTypeValua(boolean snccessful) { ... } (@ RuntimeVersion - com.sun.xml.internal.ws.util. RuntimeVersion
@0verride

protected VdcActionType getChildActionType() { ... } . .

cOverride © RunVmCommand - org.ovirt.engine.core.bll.RunVmCommand
protected List<Class<?>> getValidationGroups() § ... }

@0verride

protected Map<String, Pair<String, String>> getSharedlocks() { ... }

@0verride

protected Map<String, Pair<String, String>> getExclusivelocks() { ... }

@0verride

protected void setLoggingForCommand() { ... }

private Guid getQuotald() { ... }

@0verride

protected void endSuccessfully() { ... }

private void plugDiskToVmIfNeeded() { ... }

protected boolean setAndvValidateDiskProfiles() { ... }

@0verride

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

LOP Practical LOM

DSALs reducible
to a GPAL

Host Kernel
compiler weaver

Languages DSLs

puHic class ExportVmTemplateCommand<{T extends MoveOrCopyParameters > extends ... {

private String cachedTemplateIsBeingExportedMessage;

public ExportVmTemplateCommand(T parameters) {...}

protected ExportVmTemplateCommand(Guid commandId) {...}

@0verride

protected LockProperties applyLockProperties(LockProperties lockProperties) {...}

@0verride

protected void moveOrCopyAllImageGroups(final Guid containeriD, final Iterable<DiskImage>
disks) {...}

@0verride

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

B0verride

protected Map<String, Pair<String, String™>>> getExclusivelocks() {...}

@0verride

protected void executeCommand() {...}

private String getTemplatelsBeingExportedMessage() {...}

@0verride

protected boolean canDosction() {...}

@0verride

public AuditLogType getAuditLogTypeValue() {...}

@0verride

protected void setActionMessageParameters() {...}

Compiler

IDE Tools for Language Language
Language Dev. Workbench Workbench

IDE Tools for Language Language
Language Use Workbench Workbench

@0verride

protected void incrementDbGenera tion() {...}

@0verride

protected void endActionOnAllImageGroups() {...}

@0verride

public Map<String, String> getJobMessageProperties() {...}

Aspect Dev. Tools
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publi

public void onPowerringp() { ... } . . . °
Syntax Highlighting 4 checkDiskUsedAsOvfStore DSAL with easy-to-use syntax
- . . & rharkPyraadinaMavBlackDickSiza for SynChronlzatlon
pubh: class AddDiskCommand<T extends AddDiskParameters> ... {

protected AddDiskCommand(Guid commandId) { ... }
public AddDiskCommand(T parameters) { ... }
public AddDiskCommand(T parameters, CommandContext commandContext) { ... } =

verride —1 1 h
g:ote:tid boolean canDoAction() { ... } EE D‘u"ll"t.LDCkS d E
protected boolean checkIfLunDiskCanBeAdded(DiskValidator diskValidator) { ... }
e e vt . D or i) . % 1= Locks for org.ovirt.engine.core.bll.MigrateVnCommand (async): Generated aspect
private boclean cankddshareabledisr) { -3 2 exclusively (overrides) { ..
private boolean checkExceedingMaxBlockDiskSize .
private boolean isStoragePoolMatching(VvM vm) { ... } q rl}l.lp 5 'IUIIM 1“51:3“':9 : get"u"l'l'lI d for aUd ltlng

privileged aspect Logs {

Validation

The approach was applied to
modularize scattered and tangled
code found in the oVirt project.

Our approach leverages DSL and
GPAL development tools in easing
the development and use of DSALSs.

Weaver
Plugin
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Approach

i# *AuditLogGenerator.xtend &2 = m

i~ class auditlLogGenerator implements IGenerator 1

private Resource resource;

override void doGenerate{Resource resource, IF1leSystemiccess tsa) {
var path = 'org.ovirt.engine.core.bll.'.replaceall('\\.', F1le.separator) + 'Logs.a)’
ftsa.generateFile(path, resource.compils)

b

def compile(Resource resource) {
this.resource = resource
i

package org.ovirt.engine.core.bll;
import org.aspect].lang.annotation.BridgedSourcelocation;
import org.ovirt.engine.core,common . AuditlogType;

import org.ovirt.engine.core.bll.CommandActionState;

public privileged aspect Logs {

«FOR command:resource.allContents.fzlter (typeof(Command)).tolterables
«command . compl Le»
«ENDFOR»
}
}
def compile(Command command) '
«NodeModelUt1 Ls. getNode{command) . toSourcePositions

AuditlogType around(«command.type.qualifiedidames command): execution(* getAuditlLogTypeValua()
«FOR acase:command.casess

«acase,.compl Lew
«ENDF OR»
return «IF command.~default != null»AuditlLogType.«command.~default.simpleName»«ELSEIF comman:
@ “annotations : EList<JvmAnnotationReference> - Jv
def compile(Case acase) ''' @ ‘class : Class<?> - ¢
1f (=acase.result.compile»«IF acase.actionState!=nu

return AuditlLogType.«acase.msg.simpleName»; G A S = NN

@ "constant : boolean

def compile(Result clause] { @ ‘constant = value : void

switch clause { " ——

case SUCCESS: 'command.getSucceeded()' @ "constantValue : Object

case FATLURE: '!command.getSucceeded()' & "constantValue = vatue - void - JvmField setCe
} @ "constantValueAsBoolean : boolean

def compile(boolean i1nternal) @ "constantValueAsByte : byte

i 3 4 & 4
«IF 1nternal» && command.isInternalExecution()«EN _. . 0 o 0 . b

Ctri+Space to show shortest pr
def compile(JvmEnumerationLiteral actionState)
"t g% command.getActionState() == CommandActionState.«actionState.»''!

def compile(dyvmField field)
v gk command. «field.simpleMames' '’

Extend Aspect) to serve as
a kernel language for LOM

@BridgedSourcelLocation(line=1,

file="/bll/src/main/java/org/ovirt/engine/core/bll/ovirt.audit",
module="ovirt.audit")

AuditLogType around(org.ovirt.engine.core.bll.MigrateVmCommand command):

}

execution(* getAuditLogTypeValue()) && this(command) {
if (command.getSucceeded() && command.isReturnValueUp())
return AuditLogType.VM_MIGRATION_DONE;
if (command.getSucceeded() && command.isInternalExecution())
return AuditLogType.VM MIGRATION_START SYSTEM INITIATED;
if (command.getSucceeded())
return AuditLogType.VM_MIGRATION_START;
if (!command.getSucceeded() && command.isHostInPrepareForMaintenance())
return AuditLogType.VM MIGRATION_FAILED DURING MOVE_TO_MAINTENANCE;
if (!command.getSucceeded())
return AuditLogType.VM_MIGRATION_FAILED;
return AuditLogType.UNASSIGNED;

@BridgedSourcelLocation(line=14,

file="/bll/src/main/java/org/ovirt/engine/core/bll/ovirt.audit",
module="ovirt.audit")

AuditLogType around(org.ovirt.engine.core.bll.storage.export.ExportVmTemplateCommand
command) :

}

execution(* getAuditLogTypeValue()) && this(command) {

if (command.getSucceeded() && command.getActionState() == CommandActionState.EXECUTE)
return AuditLogType.IMPORTEXPORT_STARTING _EXPORT_TEMPLATE;

if (!command.getSucceeded() && command.getActionState() == CommandActionState.EXECUTE)
return AuditLogType.IMPORTEXPORT_EXPORT_TEMPLATE FAILED;

if (command.getSucceeded()

&& command.getActionState() == CommandActionState.END SUCCESS)

return AuditLogType.IMPORTEXPORT _EXPORT_TEMPLATE;
if (!command.getSucceeded()

&& command.getActionState() == CommandActionState.END SUCCESS)

return AuditLogType.IMPORTEXPORT EXPORT TEMPLATE FAILED;
return proceed(command);

@BridgedSourcelLocation(line=25,

file="/bll/src/main/java/org/ovirt/engine/core/bll/ovirt.audit",
module="ovirt.audit")

AuditLogType around(org.ovirt.engine.core.bll.storage.disk.AddDiskCommand command):

execution(* getAuditLogTypeValue()) && this(command) {
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