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OBJECT REFERENCES
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@Fuel

An objet graph seralizer.




SERIALIZE

Input: an object graph
x - 0O Workspace =
FLSerializer serializeiInMemory: (Point x: 4 y: 2)|

Output: stream of bytes

x - 0O Workspace =

FLSerializer serializeinMemory: (Point x: 4 y: 2) #[90
900490038190015801111051101161010
12112011219001909002020404030 2]
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MATERIALIZE

(DESERIALIZE)

Input: stream of bytes

x - 0O Workspace X

FLMaterializer materializeFromByteArray: #[90 900 4 90 0 3 81
9001580111105110116101012112011219001 90

9002020404030 2]

Output: an object graph

x - 0O Workspace x

FLMaterializer materializeFromByteArray: #{90 90 04 90 0 381
9001580111105110116101012112011219001 90
90020204040302]4@2
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ONCE SERIALIZED...

~ Stream of bytes

SN
; 1.'1\.’ - '. '1
L \:) J. . Yy
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A

¢ Provide fast object serialization and materialization.

NA

* Be flexible and easy to customize.

* Have a good OO design, well tested and
benchmarked.

Al

¢ No need of special support from the VM.

A

¢ Be a general purpose seralizer.

% Allow tools to be built on top of Fuel.

9

=—_

Monday, August 22, 2011



s¢ Fast serialization and materialization.

VA

% Class reshape support.

Ay

\\/

% Serialization of any kind of object.

S

Al
1

I
IV

Al

ZI\\

Cycles support.

\\/

« Global objects references.

I
\s

A

\\//
0\

S

Al
{

Buffered writing.

I
\3

Al

71N

Support for some “hook methods”.
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\I2
7N

\

Pickle format.

A\
]\

¢ Objects grouped 1n clusters.

I

¢ Analysis phase before writing.

.

Z\\

A

|

¢« Stack over recursion.

2

I\

A

* Two phases for writing instances and
references.

-
—

5¢ [terative graph recreation.

11
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PICKLE FORMAT

Invest more time 1n serialization so that objects can then be
materialized much faster.

12
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GROUPING OBJECTS IN
CLUSTERS

“Similar” objects (they share writing/loading information) are
grouped together 1n clusters. The most common case, yet not the
only one, takes place when a class 1s a cluster for its instances.

13
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PICKLE FORMAT BASIC

| ID |ClassName |InstSize|Instl [Inst2 | ... |InstN| ID [ClassName |InstSize|Inst1 |Inst2 | ... |InstN

Cluser 1 Cluser 2

Stream

15
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PICKLE FORMAT BASIC

| ID | ClassName |InstSize Inst1 |Inst2‘ ‘InstN ID |ClassName |InstSize|Inst1 |Inst2 | ... [InstN
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PICKLE FORMAT BASIC

| ID | ClassName |InstSize Inst1 |Inst2‘ ‘InstN ID |ClassName |InstSize|Inst1 |Inst2 | ... [InstN

Cluser 1 Cluser 2

Stream
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Why the pickle format 1s so fast in materalization?

Standard serializers Fuel pickle format

header = self readHeader.
(1 to: header clustersSize) do:
[ cluster = self getClusterWithlD: self readClusterlID.
class = self readObjectClass.
class = self fetchClass.
instSize = self readlnstSize.
instVarSize = self readinstVarSize.
1 to instSize do: [
object := self nextObject.

materialize
| object nextObject type class newObject |
bbject = self nextObject.
class = self readObjectClass.
class = self fetchClass.

newObject = class basicNew. newObject := class basicNew.
1 to: class instSize do: [ each | 1 to: instVarSize do:[ .. 1.
self materialize. ]. ]
16 ]
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Why the pickle format 1s

Standard serializers

so fast 1n materialization?

Fuel pickle format

| Object nextObject type class newObject |
bbject = self nextObject.
class = self readObjectClass.
class = self fetchClass.
newObject = class basicNew.
1 to: class instSize do: [ each |
self materialize. ].

16

a’ﬁeY
[ clu? ﬁ‘ = IusterW|thID self readClusterlD.
readOb jectClass.
class = self fetchClass.
InstSize = self readInstSize.
instVarSize = self readInstVarSize.
1 to instSize do: [
object := self nextObject.
newObject := class basicNew.
1 to:instVarSize do: [ .. ].

]
l.
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Al

s Batch/Bulk/Iterative materialization.

A

¢ Efthcient since types are stored and fetch only
once.

NA

3¢ Fast because at materialization we know the
size of everything.

N2

¢ The generated stream 1s smaller.

A

¢ More next....

17
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THERE IS NO SILVER
BULLE]...

Monday, August 22, 2011



-
—

¢ Traversing the object graph.

A

Al

« Mapping each object to a speciﬁc cluster.

This 1s done 1n a phase before
serialization called “Analysis”.

19
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ANALYSIS PHASE

o

/

T —

clusterl

cluster2

key (a cluster)

20

1) Traverse

(#fuel Accept: aVisitor)
2) Fill dictionary
(#tuelSerializer)

value (a set)
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SERIALIZATION

clusterl

cluster2

value (a set)

key (a cluster)

) 4
dictionary do: [ :anAssociation | ; Cluster
cluster := anAssociation key. ID
objects := anAssociation value. cecccce)
cluster serializeAll: objects. serialize: anObject on: aStream
] materializeFrom: aStream

T E——
A cluster defines how 1ts objects

are serialized and materialized.
21
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To traverse the object graph, Fuel uses a custom

stack implementation rather than a recursion.

22
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Serialization

Analyze.

Serialize header.
Serialize instances.
Serialize references.

o EUlees

Serialize root.

Materialization
1. Materialize header.
2. Materialize instances.
3. Materialize reterences.
4. Materialize root.

23

Monday, August 22, 2011



FUEL FOR SOFTWARE

(SO FAR)

Al

* Moose export utility.

-

¢ SandstoneDB persistence.

Al

¢ Pier kernel persistence.

A

¢ Newspeak language.

-

% Marea (my own research project!).

24
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P

¢ Continue efforts on performance optimization.

¢ Create a tool for loading class and trait

packages.

3

¢ Support user-defined Singletons.

2

s¢ Fast statistics/brief info extraction of a stored

graph.

¢ Partial loading of a stored graph.

25
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A

¢ Enable to deploy seralization and
materialization behavior independently.

\I

¢ Support object replacement for seralization

Iz

R

and matenralization.

* Allow cycle detections to be disabled.

-
e

s Partial loading.

26
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SERIALIZATION OF PRIMITIVE OBJECTS
Memory based stream

bitmaps

byteArrays
characters
floats
largelntegers
scaledDecimals

smalllntegers

strings §

symbols

wideStrings

0 175 350 525 700
Serialization Time

B Stomp Serialization B ImageSegment Serialization
- Magma Serialization B SRP Serialization
B SmartRefStream Serialization [ Fuel Serialization

27
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SERIALIZATION OF PRIMITIVE OBJECTS

Memory based stream

bitmaps

byteArrays
characters
floats
largelntegers
scaledDecimals

smalllntegers
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wideStrings

0 175 350 525
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B Stomp Serialization
- Magma Serialization
B SmartRefStream Serialization
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B SRP Serialization
B Fuel Serialization

largeintegers

scaledDecimals
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wideStrings

File based stream

bitmaps
byteArays
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strings
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1250 1875 2500
Serialization Time
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- Magma Serialization
B SmartRefStream Serialization
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SERIALIZATION OF PRIMITIVE OBJECTS

Memory based stream File based stream
byteArrays byteArrays
characters | characters
floats floats
largelntegers largelntegers
scaledDecimals scaledDecimals
smalllntegers smallintegers
strings | = strings
symbols symbols
wideStrings § x wideStrings
0 175 350 525 0 625 1250 1875 2500
Serialization Time Serialization Time
B Stomp Serialization B ImageSegment Serializ B Stomp Serialization B ImageSegment Serialization
~ Magma Serialization B SRP Serialization " Magma Serialization B SRP Serialization
B SmartRefStream Serialization W Fuel Serialization B SmartRefStream Serialization W Fuel Serialization
A
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bitmaps
byteArrays
characters
floats
largelntegers
scaledDecimals
smallintegers
strings

symbols

wideStrings

MATERIALIZATION
OF PRIMITIVE OBJECTS

75 150 225 300
Serialization Time

B Stomp Materialization 2 ImageSegment Materialization
Magma Materialization B SRP Materialization
B SmartRefStream Materialization 8 Fuel Materialization
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MATERIALIZATION
OF PRIMITIVE OBJECTS

bitmaps
byteArrays
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NON PRIMITIVE OBJECTS
— —

inaryTrees

pairs

rectangles

0 150 300 450 600
Serialization Time

B Stomp Serialization B ImageSegment Serialization
- Magma Serialization B SRP Serialization
B SmartRefStream Serialization W Fuel Serialization
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NON PRIMITIVE OBJECTS

inaryTrees

pairs

rectangles

0 150 300 450 600
Serialization Time

B Stomp Serialization B ImageSegment Serialization
~  Magma Serialization B SRP Serialization
B SmartRefStream Serialization | Fuel Serialization

" Fuel 29
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NON PRIMITIVE OBJECTS

vinaryTrees binaryTrees

pairs

rectangles rectangles
0 150 300 450 600 200 300 400
Serialization Time Serialization Time
B Stomp Serialization B ImageSegment Serialization M Stomp Materialization B ImageSegment Materialization
~ Magma Serialization B SRP Serialization ~  Magma Materialization B SRP Materialization
B SmartRefStream Serialization | Fuel Serialization B SmartRefStream Materialization M Fuel Materialization
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NON PRIMITIVE OBJECTS

vinaryTrees binaryTrees

pairs

rectangles

200 300 400

0 150 300 450 600
Serialization Time Serialization Time
B Stomp Serialization B ImageSegment Serialization M Stomp Materialization B ImageSegment Materialization
- Magma Serialization B SRP Serialization - Magma Materialization B SRP Materialization
B SmartRefStream Serialization | Fuel Serialization B SmartRefStream Materialization M Fuel Materialization
Fuel
ImageSegment

StOMP
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2 Website: http://rmod.lille.inria.fr/web/pier/
software/Fuel

A

¢ Issue tracker: http://code.google.com/p/tuel

L.

‘¢ Source repository: http://www.squeaksource.com/

Fuel

AW

¢ Continuous integration server: https://pharo-

ic.lille.inria.fr/hudson/job/Fuel/

30
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CONCLUSION
FOR US

Excellent performance without special support

from VM and good OO design.

31
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CONCLUSION

by

Fuel 1s a vehicle. It 1s infrastructure. You can
build cool stuff on top of it.

32
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x - 0O Workspace M

| aRectangle anOrigin aCorner aWriteStream serializer aReadStream materializer materializedRectangle| ‘

anOrigin :=10@20.
aCorner = 30@40.
aRectangle = Rectangle origin: anOrigin corner:aCorner.

aWriteStream = (FileDirectory default forceNewFileNamed: 'ESUG2011°) binary.
serializer = FLSerializer on: aWriteStream.

serializer serialize: aRectangle.

aWriteStream flush; close.

aReadStream = (FileDirectory default fileNamed: 'ESUG2011°) binary.
materializer = FLMaterializer on: aReadStream.
materializedRectangle = materializer materialize.

35
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ANALYSIS PHASE

10@20 30@40

Analysis .
phase cluster2 =2 anOrigin aCorner

cluster3 . 10 20 30 40
key (a cluster) wvalue (a IdentitySet)

cluster] ™= aRectangle
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clusterl aRectangle S ERIALIZATION
cluster?2 l anOrigin | aCorner INSTANCES
40 PHASE

cluster3 10 20 30 40
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clusterl vy aRectangle S ERIALIZATION
cluster?2 o anOrigin aCorner INSTANCES
cluster3 = 10 20 30 40 PHASE
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| clusterl . aRectangle - S ERIALIZATION

cluster?2 o anOrigin aCorner INSTANCES
= 10 20 30 40 PHASE

cluster3

Instance variable names

\ / X Instance

cluster ID I Recta )g) e 2] or ]0; corne (I| count

Instance variable count

&

class name
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| clusterl . aRectangle - S ERIALIZATION

cluster?2 o anOrigin aCorner INSTANCES
= 10 20 30 40 PHASE

cluster3

Instance variable names

\ X instance

cluster 1D 7 Y el | corme 1 count

Instance variable count

class name

serializeCluster: aCluster objects: aCollectio

aCollection do: [ instance |
Instancelndexes
at: instance
put: instancelndexes size + 1 ].
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SERIALIZATION

cluster?2 . anOrigin | aCorner INSTANCES
cluster3 ™ 10 20 30 40 PHASE

Instance variable names

\ / X Instance
ole |2 origl 1€

N count

Instance variable count

cluster 1D =

Cial! & C £

—

class name

serializeCluster: aCluster objects: aCollectio

aCollection do: [ instance |
Instancelndexes
at: instance
put: instancelndexes size + 1 ].
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clusterl aRectangle S ERIALIZATION
cluster? l anOrigin | aCorner INSTANCES
mHARE

Instance variable names

\ / X Instance
ole |2 origl 1€

bm count

Instance variable count

cluster 1D =

Ctal & C KL

class name

serializeCluster: aCluster objects: aCollectio

aCollection do: [ instance |
Instancelndexes
at: instance
put: instancelndexes size + 1 ].
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clusterl aRectangle S ERIALIZATION
cluster2 l anOrigin | aCorner REFERENCES
40 PHASE

cluster3 10 20 30 40

instancesIndex

R D)

Instances

references
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clusterl -aRectangle SER]AL]ZAT[ON
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clusterl l aRectangle
cluster?2 B anOrigin aCorner

cluster3 - 10 20 30 40 .

instancesIndex

SERIALIZATION
REFERENCES
PHASE

R D)
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FINAL STREAM

] Rectangle 2| origi | corne

1nstances

references

.
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FINAL STREAM

e objectsCounts
header 3
)| orig | corne
Instances
references
trailer

.
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MATERIALIZATION

| TR | objectsCounts
| cluster class instVarSize instSize newObject |
header := self readHeader. (
materializedinstances = (OrderedCollection header clustersCount

new: header objectsCount).
(1 to: header clustersSize) do:

[ cluster = self readAndGetClusterWithiD.

class = self readAndGetClass.

instVarSize = self readinstVarSize.

1 to: instVarSize do: [index |

self readAndAddIinstVarName.].

instSize = self readlnstSize.

1 to:instSize do: |
newObject = class basicNew.
materializedinstances add: newObject.

Instances

1 to: instVarSize do: [index | references |
position = self readNextOb ject.
realObject := materializedinstances at: position.
anObject instVar at: index put: realObject.

1

trailer 1

root

.
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