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Abstract

It increases in rate of diffusion of the smart phone and tablet device every year. And
people who use service on Internet increase. It would be cause the huge increase in
active users of Internet services. So the service which on Internet need scalability and
reliability. The program should keep quality of service while increasing number of users
by additional resources and perform same action under same environment with same code
.The scalability and reliability are the performance standard. Moreover the program need
concurrency because computer has many cpu. But it is difficult to create program which
has all of them.

We develop an distributed programming framework Alice which uses Data Segment and
Code Segment as programming units. But we find many problems and need functions for
programming.

We add Meta Computation which control Alice Computation. And We show usability,
creating application with Alice.
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public void run() {
System.out.println("run StartCodeSegment") ;
new TestCodeSegment();
System.out.println("create TestCodeSegment") ;
ods.update("local", "keyl", "String data");
}
}
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public TestCodeSegment() {
inputl.setKey("local", "keyl");
@0verride
public void run() {
int num = inputl.asInteger();
System.out.println("data =" + num);
if (num == 10)
System.exit (0);
new TestCodeSegment () ;
ods.update("local", "keyl", ++num);
}
}
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O fishData O reply 0 O 0O O
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TopologyU D OUOOOODOOOODOOOOOOODOOODLOOOOOOOOODOOODOO
O0Topology OO UODODOODOOODLOOODOODODOOODOODOODOO

oboobooobboooboobooooobobbooboboooooboooDbo
Topology U O DOODOODOOOOODOOOOONODOTopology File OO O O Topology U
00000000000 (000000 41) 00000 TopologyOOOOOODODOOO
0000 Topology Manager 10D OO DOOMO

OO0oO000d 4.1: Dynamic Topology Manager U U O O [0

java -cp Alice.jar alice.topology.manager.TopologyManager -p 10000 --
Topology tree —--Child NUM

OO0D00OTreeVNCO Topology OO OO ODODOOODOODOOODOOOO ChildODOOO
O0b0o0obooboo200000000 300000 TopologyOOOOOOOOODO
gobbooog2000000000
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Dynamic Topology U 0 OO OO OO Topology Node DD OO OODODOOOOOODOO
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O0pwt000000000O000OO(D 4.1)0
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4.2 Keep Alive

000000000 Remote Data Segment D OO0 putd peek OO0 00000000
O000000Code Segment 1 0000 OD0O0ODODOOODOOOODDOOOODOOODODOO
0000000000 Remote Data Segment 0 000000000 ODOOODOOOOO
gbobobooboobooooobobooboobooooooobUobOoboboooog
O0000000bOO0o0obOoDoobo
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beat 000000000000 DOODOODODOODODOODOODOOAliced OO Keep Alive
ooooboooog

0000000000000 00000DOKeep Alive0OOOODODODODOO Remote
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0 4200keepAlive 00D D0D0O00D0O000OO0OO0OO0ODODOOOOODODODODOOODODO
keepAlive 0000000000 OODOO TaskExecuter 00000000000 Scheduler O
0000000000000 0D00O00ODOPINGOCLOSED CREATE OO O O O TaskExecuter
0000000000000 0DO000DOPINGOODODOO Remote Data Segment [
000 heartbeat 0 0 OO O OCLOSED OO O OO O Remote Data Segment 0 000 0O
CREATEU PINGU D UODDODOOScheduler 0O OO OO

0000000000000 00000000Scheduler0000O0DOODOONOOSched-
uer 0000000 0OOO0OOOOOOOOOODO0ODOOODOODO

goooo

1. CreateTask[ Code SegmentU O O 0 PINGO O OODOOODOODO
2. TaskExecuter 0 Scheduler OO OO OOOOOPINGODOOOOODODODO

3. 000000000000 heartbeat 0 Remote Data Segment] Node BO O 0O O O
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4. 30000 heartbeat 0 O 0O O O Remote Data Segment 0 00 00O 0O OO CLOSE
oboooboobon
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put
IP_A:1000
—»>
Topology ¢ Topology
Node Manager
reply
IP_A:1000 “null”
reply
“child0”, IP_B:1000
Topology ¢ Topology
Node Manager
IP_A:1000
reply
"parent, IP_A:100
put
IP_B:1000
Topology
Node
IP_B:1000
reply
“child1”, IP_C:1000
Topology ¢ Topology
Node Manager
_A:1000
reply
“parent”, IP_A:1000 put
IP_C:1000
Topology Topology
IP_B:1000 IP_C:1000
Topology
Node
_A:10
Topology Topology
IP_B:1000 IP_C:1000
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TopologyiERE 3: heartbeat

—>
TaskExecuter : CS Topology Node B
$ 4: addTask(update)

2: reply T

1: update / 5: requestRemoveCloseTask
—
CreateTask : CS Schedu
7: update T
CLIST : DS RemoveTask : CS

0 4.2: keepAliveO OO0

100000PINGOODODOOODODOD Remote Data Segment 0 D0 OO0 0O OO0
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O00OCLoSED D DDO0O0O0ODDODDDOO0O0O0OO0DDDODOOOoOoOoceLosEdoDOO
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heartbeat 0 O Node A0 Node BOOOODOODOODOODOODOOONode BOO Node
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ooooOoOoOOoOoOoocooOOOOO0000000o0oOoooooooOODODDDODOOO
O00000O0OAliceb0000O0O0ODODOODODOOOOODOODOOOODOOOOOO
O0000000D0O0O0ODORemote Data Segment 00 00O write D OO read 00000
000 Exception0 000000000000 O0O0DOOI/OOO0OO Code Segment 000
000 ThreaedOOOOOOODOODO I/O ThreaedDOOO0OOOOODODOCode Segment
00 Exception000000000000D0O0COCOOO0O0O0ODODO
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O000Alce00000D0000D0O00O00O CodeSegment0 0000000 (ClosedE-
ventManager) 0 0 000000 OO ClosedEventManager 0 Code Segment 0 000 0O
0000000000000 000 Code Segment OO OOOO

OO000D00O 42 000000000 Code Segment OO OO

public class StartCodeSegment extends CodeSegment {
@0verride
public void run() {
ClosedEventManager manager = ClosedEventManager.getInstance();
manager .register (ShowClosedNode.class) ;
new TestCodeSegment () ;
ods.update("local", "keyl", "String data");
b
b

0000000 Remote Data Segment 00 0 OO0 O0OOOOOOCode Segment [
extends 0 0 00 OO Closed Event Code Segment 0 extends 0 00 0O 000 OO Method
O000000000ooooo(ooooo 4.3)0

O0O0o0ogd 4.3: CloseEventCodeSegment O [0 O O [0 CodeSegment

public class ShowClosedNode extends CloseEventCodeSegment{

@0verride

public void run() {
ConnectionInfo e = getConnectionInfo();
System.out.println("IPAddr, "+ e.addr);
System.out.println("port,"+ e.port);

¥

ClosedEventCodeSegment [0 0 00 O O Code Segment [ O Input Data Segment 0 0 00 O
J00000b000b0O00b000n0O Input Data Segment 0 000 0O O Code Segment
ogooooogo

4.4 Topology U 0 0O

gobbogobogbboobuoboogbbooboobboobobbooboonooba
OO0000000000O0TopologyU ODODOODOUODODODOODOODODODOODOOODOODO
O0OAliceVNCOOODOOOODODOODOOODODOODODODOODODODDOODOOD
gobbboooobbbuoooobbbuoooobboooobobbod
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000000000000 00000D00000000DbO0D0DO0OO0O00 Topology O
0000000000 D0O0000O0O0ODynamic Topology Manager [ [ Topology O [ [
OO0o0O0oOoDoOooooo

0 430 440450 Topology OO DO UODOODOODOODOOOOOOOOOOOOOOO
gooo

2: put(_CLOSEMESSEAGE)

TopologyManager

4: put(CLOSEREADY)

/,/ \
// \
’ \
: put(Nodel) - \ 5: put(CLOSEREADY)
\

Node3

Node4 Node5 Node6

3: put(_CLOSEMESSEAGE)

043 00000000

1. Keep Alived Nodel OO O D OO OO O ONode3 O O Topology Manager 0 0 0 O
D0000000000 put0000keep AliveOJOOODO00OD0ODODODOO
000 Node0 O Node4 0 Topology Manager U 0 00 Nodel OO OO putd 00O

[\

. Topology Manager U OO ODODOUOODOODOOODOON Node6 OO Node2O
000000000000 00000D0000OCLOSEMESSAGE O putd 00

3. 00000000000 00DODO00DOOO00O0DD CLOSEREADY O putO OO

4. CLOSEREADY OO OOOODODO OO ORemote Data Segment 00 00 00 O
000

5. Nodelld Node3O Noded OO OO Node6 DO DO ODOODOOOODOODOODO
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6: put(Node6)

7: put(Node6)

Node2

Node5

044 0000000000000 045 000000

6. Node6 0 0 00O O Nodelld Node3O Noded DO D OO OODOOOOOOODO

7. 0000 Remote Data Segment 0 0 0O 0 0O 00O 0 O Remote Data Segment O O O
oooood

4.5 0OO0OO0OOO

MMORPGUOOUODOODOOODOODOODOODOOOOODODOOODODOODODODO
gooooooooooooooooooooboboboDbooOogooboooOooo
O000oo00ooooooooo

oboobooooooooooMMORPGUODOODOODODOODODODODOOO
O0000DL0O00DO00O0ODO0O0OD0ODO0ODODUO0ObDO0ObOAllcebOODOOOO
OO0O0D00000 Code Segment U DO OODOOOODODOOODOOOOD configh Code
Segment 0O 00 ClassOOODOOO00ODOOODOODOOODOODOO Code Segment O [
OoopbooOooooo

000000 44: 00000000 Code Segment 0O OO0

public class StartAquariumFX {
public static void main(String args[]){
AquariumConfig conf = new AquariumConfig(args);
conf.register(MoveBeforePosition.class);
StartCodeSegment cs = new StartCodeSegment() ;
new TopologyNode(conf, cs);
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4.6 Multicast Data Segment

TreeVNCO OO Multicast 00O O OD0OOOOO TreeVNCO Root NodeO O OO O
000000000000 00000000000000000000000 TreeVNC
000000 PO0OD0OODOODOODOOOOODOODOODOOOO

000 Aliced 0000 Topology ManagerJ IPO0000OO0OOOOOOOOOTreeVNC
0000000000000 00000000O0O0000D0D000000 MulticastOO O
0000000000000 00D0o00O000000000000000 Data Segment
00000 Muticast Data Segment O O O O O O Multicast Data Segment O O O Data
Segment [0 0 O Data Segment APID OO OOO0O

Remote DS Remote DS
node B node C

Multicast DS

Remote DS
node D

Local DS
node A

Remote DS
node E

Remote DS
node F

224.0.0.1

0 4.6: Multicast Data Segment

0 4.6 0 Multicast Data Segment 0 00O O 00O 0D O OO O Multicast Data Segment
0000 put U0 00O node DO node EDnode FO 300 node0 0000000 putO
UD0O0o0bd TakeOO OO 300 noded O reply 0 OO O

4.6.1 Multicast Data Segment [1 [1 [J

Multicast Data Segment 0 UDPO O OO0OODOOOOOO1I00 UDPODOOODOO
OO00000D000D00O0D065507bytesd 65535bytesd 0 IPOOOODOOODOO 20bytes
OUDPOOOOODODO 8ytesUODOODDOODOOODODODOOOODOODOODO
Multicast Data Segment O O 00 0O 0O 0O 0O O O Multicast Data Segment 0 0 00 00O O
OO000OD0O0DO0O0Oe6e5h07hytes DO OO0OOOODOODOO
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4.6.2 Multicast Data Segment Manager

Multicast Data Segment [ Remote Data Segment [0 [0 Manager D 0 0 OO OO OO
0 O Multicast DSM O O 0O 0O OO Multicast Data Segment 00 00000000000
DO00oO0ogo

e public static MulticastDataSegmentManager

connectMulticast(String connectionKey ,String MCSTADDR, int port, String

nis, SocketType type)

DataSegment class O static 0 0O 0O O O O O connectMulticast 0 O O O O O Multicast
DSMUODOOODOOOO 1000 Multicast DSMOODOODOOOOODO keyOOOOO
gb0200000000b000b0obo0o0oo sboobooboboooo4b0obooog
0000000000000 O00000 5000 SocketTyped OO OO OSocketType O
U [0 Sender [0 Receiver U BothU U O UUOOSender OO OOOOOO 200000
0000000000000 0000000000D000Db0D000DO0O0OReceiverd
gboboboobo2000b0boboobobboobobDobDooboobobOobnOoog
0000000000000 00OBeth OO OOOOOOODOOODOOODOO

0O 0 O Multicast Data Segment 000 0000000000000 O0O0O0OODOOOO
oooooon

O0D000D0 450 460000 Multicast Data Segment 0 000000000000
00 00O multicast Data Segment 0000 take OO0 D O00O0O0OOOOOOOOOOOO
00000 putd0O0O0DOO0ODOO

Multicast DSM O 00 00O OO SocketType OO OO Both OO 0O O O O Receiver O
Sender U0 ODODO0D0ODOOO " multicast”000 keyOODODO put00 00000
0000000 Data Segmentd put D00 Otake 00D OO0OOOO0OODOODOO take
O000b00obOobobDOreply D Oonooonog

000000 4.5: multicast DSM OO OO

public class MulticastStartCodeSegment extends CodeSegment {
@0verride
public void run() {
DataSegment.connectMulticast("multicast",
"224.0.0.1",
10000,
Ilenl n s
SokcetType.Both) ;
new MulticastIncrement();
ods.put("multicast", "num", 0);
}
}
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000000 4.6: multicast Data Segment 00 0 O O

public class MulticastIncrement extends CodeSegment {
private Receiver num = ids.create(CommandType.TAKE);
public MutlicastIncrement() {

num.setKey("multicast", "num");
}

@0verride

public void run() {
int num = this.num.asInteger();
System.out.println(" [CodeSegment] " + num);
if (num == 10) System.exit(0);

new MulticastIncrement();

ods.put("multicast", "num", ++num);
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5.1 OOODOOODOOOO

O0C0CCDOOO0O0OO0 AlicebODODODODODODDODOOOOOODOODOOOOOUOUOOOO
O00000b0buoboo0obOoboOoOobd bitenicsort 0 ODOOOOODOODOOData
Seement 00000000 DOOODOOODOOODOOOOODOOODOODOOOOODO
gobobooooboboan

5.1.1 SEDA Architecture

SEDA Architecture 000 0000000000000 DOODODOODOOODODOOOO
0000000 DbO0o00bObOo0o0b0bo0o0o0ooDbOo0ooDbO0oOoooobObOoOooooDg
go0b0oo0obOooooboooobooobooobooooooooobooooooDoog
000000000000 00DO0D00DO0DO0DbOAllcedDODSEDAODODOODOO
000000000000 000000O00O0ODOO LinkedBlockingQueue 0 OO0 O0OOO
LinkedBlockingQueue D 0 0000000000 O0O0DOODO Queued OO OO Oenqueue
/dequene 000 0000000000000 0O0OOO0OO00OODOO0OOOOOOODOOO
O000O0Oenqueued dequene 00000000000 DO0O0O0OOO0O0OOOODOOO0O
0000000 NodeOOOOODDOOOODODOODDODODODOODOOODODOenqueued
0000000000000 DO0000O00D0OO0O SEbAOODDODOODODDODOOODOO
0o0o0obooboobooboooboooboobooobog

0000000 Local Data Segment 0 D 000000000 SEDADODOOOOOO
000000000000 0O0DO0OLocal Data Segment OO D OOODOOOOputd
peek 0000 Command 000000000 (Code Segment 000000000 00O0O)O
00000 Command DO OOOOODOOOCode Segment O Data Segment 0 0 O O O
O0000DOpeekO take 00000 20000 300000000000000O0000OO
000 l10ooobooboobooboboooboooboobobobooooooooog

000000000 Alice 00 meta computation 00O 30



U W N

© 00 N O U W NN =

== e e
U I )

Sooooooooooo (oo) 050 000

5.1.2 Data Segment DO O0OfAip ODO0OOOO

Data Segment API 0 put( update 0 O O O Output Data Segment OO0 OO0 00 OO
0000000000000 000000000000O 00 d Input Data Segment O O
O0000D00D0000000D0OOutput Data Segment 0 000000000 ODOODO
000000000000 0D0000D0D0bO000000DooOooOooDOoon

D000DO0O0O00OO0DataSegment 000000000000 ODOOOODODOOO
O Cerium 00000000 0D0OO Aip0ODOONOCerium O 00O flipd OInput Data
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OO0O0Ogogd 5.1: Cerium OO0 0O0O flip

void swap() {
void * tmp = readbuf;
readbuf = writebuf;
writebuf = tmp;

3

OO00000 5.2: AliceO 00O O flip

public void flip(Receiver receiver) {
DataSegment.getLocal () .put(receiver.key, receiver.getReceiveData(),
null);

OO00oO0DO 53 flipdddn

public class SortPhase extends CodeSegment{
private Receiver info = ids.create(CommandType.PEEK) ;
public SortPhase(String key){
info.setKey(key) ;
}
@0verride
public void run() {
Datalist listl = info.asClass(Datalist.class);
Sort.quickSort(listl);
ods.flip(info);
}
}

Cerium O O O O Output Data Segment 0 Task OO OO0 O00O0O00000O0O0OODOO
O0000000000O0 Output Data Segment 0 000000 flipd0 00 0AliceD 00O
put 00 0O update D 0 O 0 0 00O Output Data Segment 00 00000000 O0O0O0O
530 000 Input Data Segment 0 0 O Receiver  flip0 00 00000O0OOOO0OO
O0o00bOooboooog
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000000000000 JavaODOOO0OOOOOODOOO byteArrayOO DO OQO0OO
D00000000000D0AlLceVNCOODOODOODOODO byteArrayD OO D0 OO
0000000 Local DO put 0000 DOO Input Data Segment 0 0 O 0O O O Receiver
00000 asClassO ODO0O0OOOOOODOO

e public <T> T asClass(Class<T> clazz)
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000000 JwadOOO0OO0O0O0O0000 byteArray 00000 binary 000000
0000000000000000000000000000000000000000
0000000000000 10000000000000000000000(000
000 5.4)

gboobod 54 00000000000

public class ReceiveData {
private Object val;

private boolean serialized = false;
private boolean byteArray = false;

}

valJUOOOOOOOO0O0O0O0O0O0DOserializedd byteArray U U U OO OOM
oodubbibbODOserialized UOUOOO0O0OOOO0O0OO0O0OOOODOODODOOO
O0byteArray0 000000 byteArray D 000000000 20000000000
asClassO 000000000000 OOOOOO(DODOODODO 5.5)

OO0O0O0D00O 5.5: asClass 0 O O

public <T> T asClass(Class<T> clazz) {
if (!byteArray) {
return (T) val;

}
byte[] b = (bytel[]) val;

if (serialized) {

return SingletonMessage.getInstance().read(b, clazz);
} else {

return (T) b;
}

000000000 Alice 00 meta computation 00O 33




O © 00O Utk W N

= =
—_

—
w N

Sooooooooooo (oo) 050 000
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OO0O0000 5.6: ByteBuffer 0 0 OO

while (true) {
Command cmd = null;
ReceiveData rData = null;
CommandMessage msg = unpacker.read(CommandMessage.class);
CommandType type = CommandType.getCommandTypeFromId(msg.type);
switch (type) {
case UPDATE:
case PUT:
int dataSize = unpacker.readInt();
rData = new ReceiveData(unpacker.getSerializedByteArray(dataSize),
msg.compressed, msg.serialized);
cmd = new Command(type, null, null, rData, O, O, null, null,
reverseKey) ;
lmanager.getDataSegmentKey (msg.key) . runCommand (cmd) ;
break;

O00000560000000000 Local Data Segment 10D OOOOO0OOO
getSerializedByteArray U D 00000000000 OOOOOODOODOODOOOOO
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000000 5.7 0000 CommandMessage

OMessage

public class CommandMessage {
public int type;
public int seq;
public String key;
public bytel[] val;
public boolean quickFlag;
public boolean serialized;

O 5.1: CommandMessage 0 O OO0 OO0

000 00

type CommandType PEEK, PUTO O OO O

seq Data Segment 0 00000000 O0O0O Code Segment 0 00 0 unique number
key OO0 KeyOODOODODOOODODOD

val ooooo

quickFlag | SEDADOOODO Command 0000000000

serialized | 000000 0OOOOODOOODOOO

gbboggbboogbbobboboobbuoobbooobboobbooob?2n
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000000 5.8: 0000 CommandMessage

OMessage
public class CommandMessage {
public int type;
public int seq;
public String key;
public boolean quickFlag = false;
public boolean serialized = false;

O0000CommandMessage 0000000 S8000000000000000O Com-
mandMessage D 000000000 00O0O ByteBuffer OO0 DOO0OODOO0O 2000
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000000 CommandMessage 0000000000000 OOODOOONO Command-
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O0nudlOO0O NilValue OO ODOOOO0OO0OOOODOOODOO0ODOODOODODDOODOO
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OO000D00O 5.9: ByteBuffer 0 0 OO

public ByteBuffer convert() {
ByteBuffer buf = null;
MessagePack msg = SingletonMessage.getInstance();
try {
byte[] header = null;
byte[] data = null;
byte[] dataSize = null;
boolean serialized = false;

switch (type) {
case UPDATE:
case PUT:
case REPLY:
data = msg.write(rData.get0bj());

CommandMessage cm = new CommandMessage(type.id, seq, key, false,

serialized);

header = msg.write(cm);
dataSize = msg.write(data.length);

buf = ByteBuffer.allocate(header.length+dataSize.length+data.

length);
buf .put (header) ;
buf .put (dataSize);
buf .put (data) ;
break;
default:

header = msg.write(new CommandMessage(type.id, seq, key, quickFlag

, false);
buf = ByteBuffer.allocate(header.length);
buf .put (header) ;
break;

}

buf.flip();

} catch (IOException e) {
e.printStackTrace();

return buf;
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public class ShowData extends CodeSegment{
private Receiver[] info;
public ShowData(int cnt) {
info = new Receiver[cnt];
for (int i= 0;i < cnt; i++) {
info[i] = ids.create(CommandType.TAKE) ;
info[i] .setKey(SetInfo.arrayl[i]);
+
}
@0verride
public void run() {
int size = 0;
for (Receiver anInfo : info) {
Datalist dlist = anInfo.asClass(Datalist.class);
dlist.showData();
}
}
}
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public ShowData(int cnt) {
info = new Receiver[cnt];
for (int i= 0;i < cnt; i++) {
info[i] = ids.create(CommandType.TAKE) ;
}

for (int i= 0;i < cnt; i++) {
info[i].setKey(SetInfo.array[i]);
}
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public class TaskExecuter extends CodeSegment {
private Receiver info = ids.create(CommandType.TAKE);
private static TaskExecuter instance = new TaskExecuter();
private TaskExecuter() {}
public static TaskExecuter getInstance() {
return instance;
b
public void setKey() {
ids.init();
info.setKey ("_SCHEDULER") ;
b
}
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