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Standard Approach to Distribution
Step I: Design a language

Clean Interfaces,  modules
Step 2:  Add library for distribution

Remote procedure calls
Stub that send calls remotely

Distributed objects

C, C++, ML

RMI
CORBA
DCOM

Proxies: pointer to remote object
Create proxies on demand

End Result
Clean, elegant, orthogonal

Is it the case for Persistence too?
Example in later slides

Cons?
Performance

Example: Music Jukebox in the Cloud
Remote service which 
can play music on your 
home speakers
Fine-grained interface
OO design

interface Music {
Album[] getAlblums();
…..

}

interface Alblum {
String getTitle();
void play();
int rating();
….

}

Remote Procedure Calls (RPC)
int minimumRating = 4;
Music musicService = ... ;
for (Album album : musicService.getAlbums()) {

if (album.rating() > minimumRating) {
System.out.println("Played: " +

album.rating() + " " +g()
album.getTitle());
album.play();

} else {
System.out.println("Skipped: " +

album.getTitle());
}

}

RPC behind the scenes Result: Too many RPC calls
int minimumRating = 4;
Music musicService = ... ;
for (Album album : musicService.getAlbums()) {

if (album.rating() > minimumRating) {
System.out.println("Played: " +

album.rating() + " " +g()
album.getTitle());
album.play();

} else {
System.out.println("Skipped: " +

album.getTitle());
}

} n: number of albums
worst case: 4n + 1 remote calls
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Current approaches
Data Transfer Objects and Server Façade

Move data in bulk
Specialize to particular sequence of client calls

Document-oriented Web Services
Stateless servers

TCP-based command line interfaces
POP,  IMAP,  FTP,  HTTP, etc...

End result
Messy, non-compositional, rigid … fast

Data Transfer Object
class TitleAndRatingAndCond implements 

Serializable {
public String getTitle() { ... }
public int getRating() { ... }
public boolean getCond() { ... }p g () { }

}

Remote Facade

interface MusicFacade
{

TitleAndRatingAndCond[]TitleAndRatingAndCond[]
playHighRatedAlbums(int minRating);

...
}

Remote Façade and Data Transfer Objects
int minimumRating = 4;
MusicFacade musicService = ... ;
TitleAndRatingAndCond[] results =

musicService.playHighRatedAlbums(minimumRating);
for (TitleAndRating result : results) {
if (result.getCond()) {( g ()) {

System.out.println("Played: " +
result.getRating() + " " +
result.getTitle());

} else {
System.out.println("Skipped: " + album.getTitle());

}}

What are the problem with DTO and Remote 
Façade? 

Tight coupling with objects/code
Not service-oriented

Can result in 
under-approximation 

Multiple calls to server
Client needs to print title of two different albums

over approximation
Single call to server

Remote Batch Invocation (RBI) - Insight
We have an incorrect assumption:

Distribution can be solved in existing languages without 
any changes

Goals
Fine-grained interfaces
Execute many remote operations in bulk
Create Facades and Transfer objects automatically
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Remote Batch Invocation (RBI)
int minimumRating = 4;
Service service = ... ;
batch (Music musicService : service) {

for (Album album : musicService.getAlbums())
final Artist = musicService.addArtist(“John”);
if (album.rating() > minimumRating) {

System out println("Played: " +System.out.println( Played:  +
album.rating() + " " +
album.getTitle());
album.play();

} else {
System.out.println("Skipped: " + album.getTitle());

}
}}

Generated Façade by Partitioning
int minimumRating = 4;
Service service = ... ; Music musicService = ...;

for (Album a : musicService.getAlbums())
if (a.rating() > minimumRating) {

// GET rating, title
album.play();

} else {
}

Remote

}

for (????) {
if (???) {

System.out.println("Played: " +
rating + " " +
title);

} else {
System.out.println("Skipped: " + title);

}
}

Local

Generated Code
int minimumRating = 4;
Service service = ... ; Music musicService = ...;
List<TitleAndRatingAndCond> results = new...;
for (Album a : musicService.getAlbums())

if (a.rating() > minimumRating) {
results.add(new TitleAndRatingAndCond(
a.rating(), album.getTitle(), true));
album.play();

} else {
results add(new TitleAndRatingAndCond(0 null false);

Remote

results.add(new TitleAndRatingAndCond(0, null, false);
}

for (TitleAndRatingAndCond result : results) {
if (result.getCond()) {

System.out.println("Played: " +
result.getRating() + " " +
result.getTitle());

} else {
System.out.println("Skipped: " +

result.getTitle();
}

}

Local

Remote Batch Invocation
Clean server interface, decoupled clients

Fine-grained interfaces
Automatic bulk data transfer and facades

Only primitive values can be transferred between clients 
and server

No stubs, No proxies!
One round-trip per lexical batch blockOne round trip per lexical batch block
Two kinds of exceptions:

Remote exceptions
Does the paper handle them?

Not gracefully
Proposed solution: transactional memory on server

Does this violate service-oriented (stateless) principle?
Network exceptions (reduced!)

What can be executed remotely?
Sequences and Composition

batch (r) { r.foo(); r.foo().bar().getName(); }

Loops and Conditions
batch (music) {

for (Album a : music.getAlbums() )
if (a.rating() > 5)

print( a.getName() + “: ” + a.rating() ); }

What cannot be executed remotely?
Constructor calls
Casts
While loops
Assignments
ExceptionsExceptions
Are these Java compiler specific?

What is the main drawbacks?
Think of SQL
Aggregate over collections cannot be done remotely
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RBI pros & cons – Memory model
Only transfer primitive values
No proxies (remote pointers)

Server can be stateless, “service oriented”
rbi.Service musicService = new rbi.Service(“MusicCloud”, Music.class);
What about iterative computation?

No distributed garbage collection
Serialization through public interfaces

batch (remote) {
RemoteSet r = remote.makeSet();
for (int elem : localSet().items() )
r.add( elem );
....

}
Is it legal to set RemoteSet r = localSet?

Use public setters and getters
Need reusable helper functions/coercions

RBI pros & cons – Execution model
Client

Language support
How easy/hard is to add support to “batch” in PL?

final keyword
What about order of execution?

What is the output of the below code?

StringBuilder sb = new StringBuilder();
sb.append("My Album");
batch(Music music : musicService) {
m(sb);
music.createAlbum("1", sb);
}
...
void m(StringBuilder sb) { sb.append(": Blues"); }

RBI pros & cons – Execution model
Client

Language support
How easy/hard is to add support to “batch” in PL?

final keyword
What about order of execution?
Need library support too

ServerServer
Need to execute scripts

Can only call public methods
No constructors, static methods

Side effects?
Monoids (probably in ScalaQL class)

Not completely transparent
Programmer controls batching
Is it good or bad?

RBI - Implementation
Middleware library 

Batch Execution Service and Translation (BEST)
Source code transformation

Boilerplate code?
Conditions and loops require both remote and local 
execution
Very restrictive

Cannot transform arbitrary code
No while, assignment, casts, constructors
Cannot support multiple rounds trips within a batch block

Does “batch” implementation too tied to Java?

Evaluation - Performance Evaluation - Comparison
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Can we generalize batches?
Parameterize by batch handler 

batch RMI (remoteObject) { … }    
batch WebService (service) { … }     
batch SQL (db) { … }                       ?  

How does it compare to LINQ? (next class)
OOPSLA St ti A l iOOPSLA paper: Static Analysis

batch GPU (gpu) { .... }                     ?

Batching database access
batch SQL (Database db : dbService) {

for (Album album : db.getAlbums())
if (album.rating() > 50)

System.out.println("Played: " + 
album.getTitle());

}}

DbResults data = dbService.executeQuery(
"select title from albums where rating > 4");

for (item : data.items())
System.out.println("Played: " + item.getTitle());

Related Work
Microsoft LINQ

Batches vs. LINQ 
Mobile code / Remote evaluation

Does not manage returning values to client
Implicit batching

Performance model is not transparent
Asynchronous remote invocations

Asynchrony is orthogonal to batching
Automatic program partitioning

binding time analysis, program slicing
Transactions (batch/atomic)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


