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The spread of the environments of broadband internet and mobile data terminal would
be cause the huge increase in active users of internet services. But, it is so difficult
to write a distributed program having scalability. The scalability is the performance
standard. It can keep quality by only additional resource. We have to propose more
protocol, implement it and verify it to develop the distributed program having scalability.

Then we design and implement a distributed network application framework Alice. You
can simply write a scalable distributed program with using it.

Alice made by an experiment of developping Federated Linda, and an idea proposing
new design of concurrent task manager Cerium we developped.

You can simply develop a distributed program with splitting data as Data Segment and
processing as Code Segment, and you set dependency each other. And Alice has a feature
building topology with distributed computers. You can concentrate writing source code
for distributed program.

At last Alice are compared with Federated Linda.
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00000000000 DO00D00D00DbD0Ob0O0OO Output Data Segment 0000 OO
0oooooooooooodoooooogd

Code Segment 0000000000 DODOODOO0ODOOODOODOOODOODOODOOO
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3.3 Data Segment (Database)

Alice DO O Data Segment 000000 OOOOOOOOO

3.3.1 Data Segment API

0000000000000 Data Segment 00 00O O Data Segment API 000 O
00 (0 3.1) 00 Data Segment APIODOOOOOOOOOOCOOOO
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Data Code
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/v > Data
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0 3.2: Code Segment [0 0 OO Data Segment

Data Data
Segment Code —\_ Segment Code
Segment Segment
Data Data
Segment Segment
Code Code
Data Segment [—h» Data Segment
Segment Segment

0 3.3: Data Segment [0 Code Segment 000000000000 OOODO

O 3.1: Data Segment API

API 00

take(key,index) keyOOOODODODOODOOOOOOODOODODODOOOOO
goooooobooboooobboooon

peek(keyindex) |key 000 0000000000000 O0ODOOODODOOOOO
gboobuoooobbboooobobuoooobo

put(key,data) key UODOOODOOODOODOOODOOODO dataDOQonon

update(key,data) | key 000 0000000000000 00O0O0OOOOOOOOO
data OO DO OO0
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Data Segment 00000000000 ODOODOO Data Segment APIODOOODOOO
0000000000000 0O0DO0bOO0obOOooOoOOooDOooDO

000 "take” O 7peek” OO index 00000000 0O0O0OODODODOOO Data
Segment 00000000000 D0OOOD0OODOO0ODOODODOODOOOODOO "peek” O
take” OO0 00O00O0ODOO0ODOOOODOOODOOOOOOODOODOOOOOOODOO0
O0000d0obdobobd indexOOOODOUO0O index DOODOO0ODOOODO OODOO
OO00O0DoDOoooooo

3.3.2 MessagePack 0 0OOO0OOO0OOO

00000000000 MessagePack (http://msgpack.org/) 000 OO OMessagePack
OooobooboooooO0o0o0ooooobobobooobobob0o00oooooDD MessagePack
gOo0ob00oboOoo0oobOobOoobOoboobDooUoobobooobOobDOooDoobOoo
0000000000000 O0O00 IDL (Interface Definition Language) 00 0 0O O
O0O00DO00bO00bO0o0obOOo0obOoOoboOoonD JSON OODOOO ProtocolBuffers
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MessagePack D0 OO0 00000 0OOOOOOOOOO

e Boolean

e Integer

e Long

e Float

e Double

e Raw (String)
e Array

e Map

Array 0 Map OOOO0OO0OO0OODOOO0ODOOOODOOOODODODOOODOOODOO
gboboogbogobdobogbobooboobbooboooboobobooboon
goooo

IDLOOOObOoOobOboobbooobooobooboboobobobobooobo
gobbooogboo
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3.4 Code Segment (Protocol Engine)

Alice 0 O O Protocol Engine 00000000 Code Segment 0000000000
oooooaon

Code Segment [0 Input Data Segment 0 Output Code Segment 00D D000 OO0
000000000000 o0oooooooooooooonooood Code Segment [
000000000 Code Segment 0D O00OODDOODODOOOOOODOOODODOO
00000 Code Segment 0000000 O0D0O0DOOOOODOOOOOODOOONOCode
Segment 0000000000 DO0O0ODOODOODOOOOOO0ODOOODOOODOO

3.5 Topology Manager (Link Configuration)

Alice 0O O Topology Manager 0 00D O000D0O0DODOODOOOOODOOODOO

gobobdbobooooouooboobobobobobDooboooDoooboboo
000000000000 00DO0000bO00b00OoOAllcedDO0ODOODOOOGg
gbobooboobooboooooooooboobobobobobobooooooOoog
000000000 ooobOoboOodn Topology Manager U D OO OODOOODOONO
O Topology Manager 00 IPOO00ODO0O0OOO0DO0OO0ODOOOOOOOOODOOOO
O0o00Oo0obOOobooooooooooog

OO00DOooooOO0ooDOoOobnD AliceDOOODOO 16



040 0OD0OO0OO0O0O0O000O Alice OO0

Oo0ooooooooo0oOoooboooOoooooooOoOn Alieeggonooooono
gboobobooboooboboobob JvaODO00OOoOooobooobobooboooog
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4.1 Java

Federated Linda 0 Java OO O DO OO OOOOOOOOOOOOOOOOOODOOO
gboboboobbodooboooboobbuobooooobuoobbooboon
gboobod JwvaODO0DO0OO0OODOO0OOODODOOOODOODODOODOODOO
goooo

4.1.1 Java O OO

Alice 0000 Java OO ODDOODOODOODOOODOODOODOOODO java.iol
javanio U0 O0O0O0O0O0OO00ODOOOO javanet O OO0 O0O0OODOOOODOOOOO
00000000000 DbO00000 javaatil.concurrent 000000000 OOOO
O java.util.concurrent 00D OO0 O00OO0O0OOO0O

java.util.concurrent.BlockingQueue

BlockingQueuve 0000000000000 DOOODOOOODODOODODOOOODOOOO
gbgoboooboobobbuodobbuoobooboboobbuoobboobobo
0000000000000 0O0O0O00O0(@oO0O0oU00 4)00oooO0O0oOoooooo
gobbboooobobbooogbbboo

gboobo 41 0booboobuooboobobboobooobd

1 i// O00O000 blockingQueue.put(value); DODODOODOOOO
2 ‘blockingQueue .take();

O0O000000D00D0O BlockingQuene OO OODODOODOODOOOOOOOOO
000000000000 SEpAQDUOODOO0OO0ODDOO CassandraJO0DOOOOO
gooobobbbooboboboooboooutduouuuouooooooooooooon
god
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java.util.concurrent.ConcurrentMap

ConcurrentMap U 00O 000000 0ODOODOOOOOOOOOOOOOOODOOO
gobbbooooobobbooooboobobooooboon

goddggooooooooobbbobbboobobbboobbbbbbbogdaaad
O00@OoO00O00 42)00000000000O0O0CO000OO0DODODOOOOOOOO
goooubbbdoooooubobobibooouobbbooooooobbbobooo
ConcurrentMap O putlfAbsent OO0 O O0O0O0000O00OO0OO0O0OO0OO0OODOODODOO
O0000000000oooooooOoUOo(@ooooo 4.3)

gboobg 42 0000boobooboobobobobooboon

if (!'map.containsKey(key))
return map.put(key, value);
else
return map.get(key);

gboobd 43: 0b0o00bo0buoobobobobboboobod

return map.putIfAbsent(key, value);

java.util.concurrent.Executor

Executor 00O O0ODO Runnable 0000000000 OODOOOOOOM@MODODOOO
0 44) Executor 000000000000 DOOCOOOOOOODODOO

000000 44 00000000 Runnable 00O

executor.execute(runnable) ;

java.util.concurrent.atomic.AtomicInteger

Atomiclnteger 000D O00D000D0OD0O0ODO int 0O00ODO0O

O00000000000000000000oooooooo0o0oooooo(@Eo
0000 4.5) synchronized 000 0000000000000 O0OO0OOODOOOOOO
00000000 Atomiclnteger O getAndIncrement() D0 0000000000000
0000000000000 000O0(@obooooO 4.6)

OO000D00O0O 4.5: synchronized OO0 OOOO0OOOOODOODOODO

synchronized (i) {
num = i++;
}

000000 4.6: getAndIncrement() D0 0000000000000

num = i.getAndIncrement();
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gbobooboobobobobobooobo Ibobobooboboboboooboo
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ggouobbobooooobboboooubobbbooooobobbbobbbbogo
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4.2 Data Segment OO0 0OO0OO0OO0O

000 Aliee 000ODOD0DODOODODOOODODOODOODODOOODODOO
O00000000D000DO0OD0O0O0O DataSegment 00D O0OO0OOO0DOOOOODOO
Data Segment 00000000 OOOO

4.2.1 Data Segment Manager

000 Data Segment 00000000 Data Segment Manager O [ 0 [0 Data Segment
Manager 00O O0ODOOODO DataSegment 0000000000 DOOOOOOOOONO
O0000000000000000000D0D000000O(D 4.1) 0000 Data Segment
APIOOODOODOOD

Data Segment Manager
( queue )

||key1 n .

\——/
( queue )

||key2|| .

——/
( queue )

||key3ll .

U 41: 00000000000000DO0O0000O0

00000000000 ("peek” 00O "take”) 0000000000 OODOOCOOO
goooboooobooboboooooobobbobboobobboobbooboboon
000000000000 000D0O0O0DO000 "peek” O "take” OO0 APIDOO
0000000000000 (O 4.2)
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|Thread1 | |DataSegment| |Thread2

\W}

|
]
|
| reply
I
]

\

O 4.2: "peek” O "take” OO0 ODOODOODOOOOODOODO

4.2.2 Data Segment API

Data Segment Manager 0 0 000000000 0DOO0O0O0O0O0OODOO Data Segment
APIOOO0ODOODOOODOODDO DataSegment APIOODOOOOOONO

e void put(String key, Value val)
e void update(String key, Value val)
e void peek(Receiver receiver, String key, int id)

e void take(Receiver receiver, String key, int id)

2 put”

"put’ OODODOOODOODOODO APIODODO
"put’ DODOODOODODO val O Data Segment 000000 OOOOOOODOOOO
0000000000000 0000 IDO0000O0O0OOOOO0O(O 4.3)

”update”

"update” OO0 OO0 0ODOODOOODOO APIODODOO

"update” DO 0ODOODOOOOODOOODOODOODOODOOODOOODO "pwt” OO
OO0 ODODOO0O0O0O0O val O Data Segment 0000000000000 ODOOOODO
O000000000Dooooo IbOODDOOOOOOOO(@ 4.4)
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put("key1", dataA); put("key1", dataB);

]
[}
|

f "key1 " \ : / ||key1 " \
l
[}

1 : 2 1
dataA : dataB | dataA

:
|

g ~ 1\ / J
! /

enqueue \  enqueue

O 43:7put” J0OO0OODO IDODOOOOODOOOODOODOO

update("key1", dataA); update("key1", dataB);

|
|
|
'a "key1 " N\ : ' ||key1 [0 N\
l
1| T —_———
1 ! 2 1 !
|
dataA | dataB | dataA !
I _____ 4
|
N / J 1 U /4 f J
! / /
enqueue | enqueue dequeue

0 44: "update” OUODODOOO0ODODOOOODODOOOO IDODOOOODOOOODODOO
g
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b peek”

"peek” OO OOODODOOODODOO APIOOOO

"peek” DUOODOOO0ODOOODOdODODOODODOOODOODOODODOOD dO
oobodboooidbobooooob dboboboobooooobooooobooboobogoo
Oreceiver HOODODOO dOODOODOODOOOO0OOODODOOOODOOOOONO "peek”
00000000000DoO0o0o0O000oUoooooooooOogo(O 4.5)

"take” O "update” DO DO OOOOOOOOOO0O "peek” OODOOOOOODOO

peek(recever, "key1", 0);

"key1 n

dataD | dataC | dataB | dataA

receiver reply

3
dataA

peek(recever, "key1", 4);
f llkey1 n \

4 3 2 1
dataD | dataC | dataB | dataA

add

waitList
A - peek(recever, "key1", 4);

Ve
-

O 4.5: "peek” DO OODO receiver OO OUOOOODOODODODOOOOODOOODOO

2 take”

“take” OOODOOODOOODOODO APIODOOOODODOO dOODOODOO "peek” O
goboobog

"peek” DO O0ODOODOOD0OODODODOODOODO DataSegment 0O0ODOODOODO
O000000000ooDoooo (O 4.6)
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take(recever, "key1", 0);
I!key1 n

4 3 2 1
dataD | dataC datﬁv dataA

______

dequeue receiver reply

3
dataA

0 4.6: "take” OO OO0 receiver O OO ODOOODOOOOOOODOOODOODOODOO

4.2.3 O00OO0OOOOOOO

D000 APIOD0ODDOODODODOODO Data Segment Manager 000000000
0000000000 ConcurrentHashMap 000 OO0 OOOOODO Data Segment [ O
oo0oOd

D000000000000000000O000O000DO00DO00OO0O0oOoDOOoO0oDoOog
APIODOOODOOOOOODO(D 4.7)

Data Segment Manager

"key1"

O 47 00000 Data Segment 00O O OO Thread OO O

Data Segment Manager 0 00000 Thread OO0 O00OO0O0OO0OD0OO0DOOO
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java.util.concurrent.LinkedBlockingQueue 0 0 0 00000000000 0OOOOOOO
O0000000 Threed DO0OO0D0OO0ODOOO0DOOODOOODOOODODODOODOODO
0000000000000 0ooo0o0ooD0oDoo0ooDOoooOoooDooooon
O00000DbO0000000O0DoDbOooo

Data Segment Manager 0 DO OO0 APl O0D0DO0O0O0OOODOOODOOODOOO
Data Segment 0 0000000000000 0O0O0OOO((O 4.8)

llke 1|l
Data Segment Manager
command
D\ queue —_—
d Thread
comman put %

0 4.8: Data Segment Manager 00 000000000 OOOOOOOOO

4.2.4 Data Segment [0 00O 0[O

Data Segment 000000 OO MessagePack 00O OO0

Java 0 0 MessagePack O O O MessagePack for Java D00 O000000O0O

MessagePack 0O 00O Java OO OODOOOODOOODOO 3000000000000
gbooboboboboboobooobuooboobooboo

1. 0000 JavaODOOODOOODOODO
2. MessagePack for Java 0 Value OO O0OO

3. byte[] 0000000000

Data Segment API 0 0 0O 0O O MessagePack for Java 0 Value D00 O0OO0O00O0OO
O00000000MessagePack 0 Java OO OODO0O0O000O0OD0OOO0ODOOODOOOO
000000000000 00O000DOMessagePack for Java 0 Value D00 OO00OO
MessagePack 000 0000000000000 OODOODOOOO JawvaODOODOOOO
O00D000000 ValueOOOODOOOODODOOODDODOOODOOODO ArrayValue
000000000000 0000000DO0000D000O0oDO0DO00O0

OO0 Valwe OODOODOODOODOODOODOOODOODOODOODOODOODODOODOOOO
O0000000DO0DO0D000DO00O0DO00O00DO0D000O00DO0oDOo0oOOn
000000000000 Valued toString 000000 JSONODOOOOOOOODO
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(000000 48) 00000 MessagePack Value D Java 0O 0O O00O0O0O00O0OO
gooooooog

O000000000000000 IDL (Interface Definition Language) 000 00O
gogooobobbbbbbuobbbbbbbdduoubbududyd oMessage U
000000000000 00000(@00000 4700000 MessagePack 00O
guooooobbbbbutoboooooooooobbbbood

Oo00obOo 4700000000 IDLOODOOOO

import org.msgpack.annotation.Message

QMessage

public class MessagePackTest {
public String key;
public int val;

3

OO000D00 48 00000000 00O0O0OO ValueOOOOODO JSONDOODOODO

msgpackTest = new MessagePackTest();
msgpackTest.key = "Test";
msgpackTest.val = 1000;

MessagePack msgpack = new MessagePack();
Value value = msgpack.unconvert (msgpackTest) ;

System.out.println(value); // ["Test",1000]

MessagePack for Java O OO0 @Message OO0 O00OO0O00OOO00OOOOCODOOOO
00000 Javassist 0000000000 DO0OOOOOODOODOOOODOODOOO
Ooodno ValueOOOOOOOOOOOODDODOODDOOODOOODOODOOODO
oood

000 MessagePack O Packer 0 Unpacker OO OOOOODOOOOODOOOOO
000000000000 00000000000o0o0D00oDoD0oooDooooOoon
O00000000000000000000000O0DODOO0O00D0DUUO(ooooo
49)000000000000CCCOC0O0O0OO0O0O00O0OOOOODODODODDODOOOOOOO
D000D00DO00D0000D00D0 MessagePack 000000000 DOOOOODODO
0000000000000 0000000D000D0000000000O000oDOoon
oo0oOd

OO0O00O0 49: Unpacker UO DO ODDOOODOODOOOOO0ODOO0ODOOO

MessagePack msgpack = new MessagePack();
Unpacker unpacker = msgpack.createUnpacker(socket.getInputStream());

while (true) {
CommandMessage msg = unpacker.read(CommandMessage.class); // block
// 0D000oboobobooboboboboboobooooog
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4.2.5 Remote Data Segment Manager

0000000000 Data Segment Manager 0 DO O OO 0OOODO Data Segment
Manager 00D D00ODOD0OODODOODODOODOO Data Segment Manager 0D O OO OO
O00D00000000000DO0000O0 Data Segment Manager [1 Local Data Segment
Manager 000000 0O0DO0OO0O0OO0OODOOODOOONO Local Data Segment Manager
000000000 Remote Data Segment Manager O 0 00 (O 4.9)

HostA HostB
Local Local
Data Segment Data Segment
Manager Manager
Remote Remote
Data Segment Data Segment
Manager Manager

O 4.9: Remote Data Segment Manager 0 OO OO OO OO Local Data Segment Manager
oooood

0000000000000 Data Segment Manager 0 APIODOODOOODOODOOO
000000 410000000000 Remote Data Segment Manager 0 0 0000 O
0oooooooooooouoooooooooogo

Data Segment
Manager

AN

Local Remote
Data Segment Data Segment
Manager Manager

0 4.10: Data Segment Manager O 0 OO 0O 0O Local DSM O Remote DSM OO0 OO

4.2.6 UO0O0OOOOOOOOO

Alice 000O0OD0OOOO0OOOOOODOOODOOODOOOODODODODOODDOOODOO
gbobogboooobooooboobuoobboboobboobboobbooon
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OO0 SEbhAD0O0OO0ODOOOOOOODODOOobOobooOO
0000000000000000000000000O000000000(O 4.11)

Outbound Incoming
TCPConnection TCPConnection
Thread Thread
command command
DataSegment DataSegment
Thread Thread

0 4.11: Data Segment OO0 TCPOOODODODOOOOOOOOODOODODOOO

O00000000o0obo0oob0obobOobOoDbOd LinkedBlockingQueue O O O
gobboboooooboo

4.3 Code Segment

00000 Data Segment 0000000000 OOOODODDODODO OOO Data
Segment APl 00000000 Code Segment 00000000000 DOOODOO0O
ooo

Code Segment 000000000000 CodeSegment 00D OOO0OOOOOOONO
ODO00000 Code Segment 0000000 Data Segment 00O O0O0O00O0O0ONO Code
Segment 0 Data Segment D0 OO0 O0OOOOOO

OD0D00DO000 Data Segment 00O Code Segment 000000000 O0DOOODOO
0000 Input Data Segmentl] Output Data Segment O O O O Input Data Segment[]
Output Data Segment 00D 000000 OO0DO0O

4.3.1 0000 Code Segment 0000

Code Segment DO OODODODOODODO Start Code Segment 0O OO OOOMO Code
Segment 0O O0O0OO0OOO0O0OOO Start Code Segment 0 0 O 0O Code Segment
000000 DataSegment OO0 OODOOO0OOOOO Input Data Segment 00O OO

00O Start Code Segment 0 main DO OO00O0O new DOOOOO Code Segment [
0000000000000 0O0 Input Data Segment O 0 O Code Segment O 0O 0O 0O O
00000 exeeute 0000000000 OOOOO 4.10)
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000000 4.10: 0O0O Code Segment D OO O OOOO

public class TestLocalAlice {
public static void main(String args([]) {
new StartCodeSegment () .execute();
}
}

Start Code Segment 0 CodeSegment D0 OO OO0 ODOOO StartCodeSegment O [
(000000 411)00000 Code Segment 0 000 TestCodeSegment (00000
0 4.12)0000000000 TestCodeSegment O inputl 0 OO Input Data Segment
0 "peek” 00000

OO0O0O000 4.11: Start Code Segment [ [

public class StartCodeSegment extends CodeSegment {
@0verride
public void run() {
System.out.println("run_ StartCodeSegment") ;

TestCodeSegment cs = new TestCodeSegment () ;
cs.inputl.setKey("local", "keyl");

System.out.println("create TestCodeSegment") ;

ods.update("local", "keyl", "String data");

000000 4.12: Code Segment O O

public class TestCodeSegment extends CodeSegment {
Receiver inputl = ids.create(CommandType.PEEK) ;

@0verride

public void run() {
System.out.println("index =_" + inputl.index);
System.out.println("data =" + inputl.val);

if (inputl.index == 10)
System.exit (0);

TestCodeSegment cs = new TestCodeSegment () ;
cs.inputl.setKey("local", "keyl", inputl.index);

ods.update("local", "keyl", "String data");

OO0 inputl OODOOOOOO DataSegment 00D ODOOOOOODOOONO setKey
O0000000000000 TestCodeSegment O inputl O localkeyl OO0 OO OO
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goboboooogn

TestCodeSegment 000000000000 0O0OO0OOOO0OOOOOOOOOOOOO
TestCodeSegment 00D O0DOOODOOOOO0OO0OO0OOODOODODOO inputl.index
0000 Data Segment OO0 "put” O "update” 00O O0OO0O0D0OOO0DOOOOOO
gboobobobobbobooboo Iboboogoo

0000000000000010000 TestCodeSegment 000000000000
000 (0 4.12)

StartCodeSegment

+ put "String data"

peek

TestCodeSegment

+ put "String data"

peek

TestCodeSegment

| 10[g] TestCodeSegment
YV m=®f7ens

O 4.12: StartCodeSegment D OO0 O 00O O

00000 Code Segment OO0 00O ODOOOO0OOOOOOODOODODOOOO
APIODODOOODO

4.3.2 Code Segment 0O OOOMO

000 Code Segment DO ODDOODOOODODOONO CodeSegment DO OO OOOMNO
0000 CodeSegment [0 O InputDataSegmentManager [ OutputDataSegmentManager
goooooooogo

OO00DOooooOO0ooDOoOobnD AliceDOOODOO 29



@DDDDDDDDDDD(DD) 040 0O0OO0O0OOODOO AliceO0O0O

InputDataSegmentManager

InputDataSegmentManager 0 0 ids OO OO CodeSegment DO DO ODODOOOOO
O0oo0ooooooooon

e Receiver create(CommandType type)

InputDataSegmentManager 0 0 0 0 0 O O create 0 O O Ocreate 0 0 0 O Data Seg-
ment [0 Receiver U0 O OO0O00OOO0DOOOcreate 00000 CommandType 0000
O0000000 CommandType O PEEK O TAKE OOOOOOOODODOOODO
00 "peek” O 7take” 000000000000 DOODOOOODOOOOOO "peek” O
“take” OO0 0DO000DO0O0ODOODOODOODODOOODOODOODOODO Receiver OO
00 setKey OO0 OOO0O0O

e void setKey(String managerKey, String key, int id)

setKey 00000000000 DataSegment 0 0000000000000000
00000000000000 "peek” O "take’ 000000000000000000
000000000000000000000 Receiver 100000 Code Segment [
000000000 4.13)

OutputDataSegmentManager

OutputDataSegmentManager 0 [0 ods OO0 OO CodeSegment 0000000000
gdodouoououoououao
OutputDataSegmentManager 0 0 "put” OO0 0O "update” 00000000 OO0O0O

e void put(String managerKey, String key, Value val)

e void update(String managerKey, String key, Value val)

4.3.3 Code Segment Manager

Code Segment Manager O 0 Code Segment D0 DD OOOOOOOOOO O Code
Segment [0 0 0 00O InputDataSegmentManager 0 00 0 OO OO Receiver 00000
OD000000 DataSegment APIOOOOO Receiver 000000000 O0O0DOOODO
0000000000 Input Data Segment Manager [ [0 Code Segment 0 00 0 O Code
Segment Manager 0 0 00O OO

Code Segment Manager 00000000 O000O0OOO Input Data Segment Manager
00 Code Segment 00O OO0 Code Segment Manager 00 D00 OODOOOOOOO
oooood

000000000 java.util.concurrent. ThreadPoolExecutor 00000000 OOO
0 4.13)
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Receiver

create(CommandType.PEEK); CommandType

PEEK

Receiver

CommandType peek("key1", 0);
setKey("local", "key1", 0); PEEK

b

managerKey
local Local

Pp-| DataSegment
key Manager

N key1

Receiver

CommandType
PEEK

managerKey
Code ) local
Segment submit
Manager Code [ kkey reply
eyl
Segment
ready id
0 , i
Value
"String data"

Local
DataSegment
Manager

0 4.13: Data Segment 000000000000 Code Segment 00 OOO0OONO
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OOdooDgd 4.13: java.util.concurrent. Thread PoolExecutor O 0 0

codeSegmentExecutor = new ThreadPoolExecutor(1,
Runtime.getRuntime () .availableProcessors(),
Integer .MAX_VALUE,
TimeUnit.SECONDS,
new LinkedBlockingQueue<Runnable>());}

OoOo0ooOoOOo0o0oboOooo0ooo0oboooOo0oDoOoOobobooOoo1OoOoDOoOO
ooooooo

O0000obOo0ooooooodooooo0oUooooooooOoogoooDoooo
OoooooobOoOoooOoobboooDboOooon
Runtime.getRuntime () .availableProcessors() DO O OOODOODOOOOOOODO

OooooooobooOooooobbooobobooooo

00000000000 Runnable 0000000000 OOOCOODOOODOO

ThreadPoolExecutor OO0 Runnable 000000000000 0OOD0O0ODOOODOOO
O00ooOoO00ooOoobooooooo

Code Segment Manager 00O 000000000 OOODODOOO

Code Segment Manager 000000000 0ODOOOO Executor 0 OOOODOO0O
O0000000000000D0(@0O00000 4.14)

goboobd 414 000ggooobod

private CodeSegmentManager() {
Runnable prepareThread = new Runnable() {

@0verride
public void run() {
while (true) {
try {
CodeSegment cs = readyQueue.take();
codeSegmentExecutor.execute(cs) ;
} catch (InterruptedException e) {
// 0000
}

+
}:

new Thread(prepareThread, "CodeSegmentManager").start();

3

public static void submit(CodeSegment cs) {
try {
CodeSegmentManager.get () .readyQueue.put(cs) ;
} catch (InterruptedException e) {
// 000gd
}
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4.4 'Topology Manager

OD0000 CodeSegment 00000000000 O00OOCOO00OOONO AlicedDOOO
00000000 ODb0DO0O Topology Manager DO DO OOO

Topology Manager 0000 D0OO0O0OOOO0OOODOONO Code Segment 0O OO0
oooood

Topology Manager 0 0000 O00O0O0O0D0OOO0ODOOOOOO0ODOOOOODOOOO
(00O Topology Node) 0000000000 OODOOO IPOOOOOOOOODOOO
0000000 4.14)

Topology 4_}&1(1— l\O

Manager

1 | Topology N
/ Node s

\ Topology
AN Node

4 /

Topology
Node

0 4.14: Topology Manager 00D OO0ODOOOODO OO Topology Node 0000 OO

4.4.1 Topology Manager 0 0 00000

000 Topology Manager 0 0000000000000 0OOOOOOOOOOOOOO
DOT Language (http://www.graphviz.org/) 0000000000 OODOT Language
0000000000000 0ooo00ooooooooooooooooooooooo
0000000000000 DOT Language 000 O OOODOOODOO Topology Node
0000000000 @OOOOnO 4.15)

gobobood 415 3000000000 obon

1 idigraph test {
2 | node0 -> nodel [label="right"]
3| node0 -> node2 [label="left"]
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nodel -> node2 [label="right"]
nodel -> node0 [label="left"]
node2 -> node0 [label="right"]
node2 -> nodel [label="left"]

OO0 DOT Language OOOD0OO dot OOOODODOODOOODOOODOODOODOO
O0000000000(0 415 0000000000000000000OOODOOO
goobobooon

e dot -T png ring.dot -o ring.png

0415 dot DOODOODODOOOOZ300O0O0ODOOOOOOOODO

O00000000 labelODODDOOOODOOOOODODDOOOODODODOODOOOO
00000 Data Segment Manager 00000000 O0OO0OOO Receiver O setKey
O000D00D0 managerKey D00 O000OD0OO

0000000000000 0OD0D "right” O 7left” 0OO0ODO0OO0OOOOOOOOO

O00O000D00O0 Topology Manager OO O OO "node0”d "nodel”d "node2”
000000000000 0000000DO0000D00D00oDO0D0o0On

4.4.2 Topology Manager [0 [ [

Topology Manager OO0 0 0O DO0O0ODOOO0OO0ODOOOOODOOODOOOOODOOOO
OO0oO0oobooO0oobO0ooooobboobooOOobooOobooboOobooboobo
oooooon

0000 Topology Node DO ODOODOOOOO
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4.4.3 Topology Node 00O OOOMO

Topology Node 00O OOOOOOOOODODODODO Topology Manager 0 TP O [
0000000o0obobOooouononon Topology Manager U0 00O OOMO Topology
Manager D OO0 "hosts” OODOO0ODOO IPOUODOO0ODOO0ODOODO put OO0

Topology Manager 000 OO OO OO "hosts” O take 00 00O OO Topology Node
goboooboboooboobobooobobooobboobobooobooooog
Topology Manager 00000000 OODOO Topology Node OO O "host” O put 00O O
0000000000 Topology Node OO 0O OOO Toology Manager [J [0 Topology
Node 00OO0OOOOOOODODO Topology Node 0OOOO (IPOOOODODODOOO
0)O put 000000000000000O0OO Topology Node 00O0O0DOOODOOO
000000 Topology Manager 000D O0ODODOODODOO take OOOODODOOO
0000000000000 0000000000O0O00000O00 (O 4.16)

4.4.4 000000 Topology Node

Topology Node 00 000D ODOODOOODOOODOOODOO

Topology Node 00 0 0 00 0O O O TopologyNode [0 new 0 0 0O 0 0O O O OTopologyNode
000000 Aliee0ODO0ODOOO0ODOODOOODDOODOOODOONO Code Segment
O000000000000 CodeSegment 0O OO0OODOODODOOOOOODOODOO

000000 4.16: Topology Node U 00 0O O

public class RingTopology {

public static void main(String[] args) {
RingTopologyConfig conf = new RingTopologyConfig(args);
new TopologyNode(conf, new StartRing(conf));

}
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Topology Manager

IP_A:1000

IP_A:1000 IP_C:1000

IP_B:1000

Topology Manager

nodeO
reply |
"right", IP_B:1000 reply

"left", IP_C:1000 "right", IP_A:1000
h "left", IP_B:1000

take
reply take
"right", IP_C:100

"left", IP_A:1000 TopoMgy Node
TopoMgy Node
A
~A:1000 IP_C:1000

IP_B:1000

Topology Node

Topology Node

: Configuration completed
P_A:1000 IP_C:1000
Topology Node

IP_B:1000

O 4.16: Topology Manager [ Topology Node O O 00 O
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000000000000 000 Federated Linda 0000000000 Alice DOO
oo

5.1 TORQUE Resource Manager U0 00O OO0

Alice000O0ODOOO0ODOOOODOOODDODOODOOODOOOODODODOOODO
O0o0000oooo0oO0ooooooDoOoO0O0OoobOo0ooOoObO0oOooooDooDoOoOooo
gobooooOoooobOoOooooboOoobooboobooooobOboOoDOobobOoDboo
O0000DOO00DOO000O0oO0oo0ooDoboOooooooo

00000000 TORQUE Resource Manager (http://www.adaptivecomputing.
com/products/torque.php) D 00000

5.1.1 TORQUE Resource Manager

TORQUEDOOOOOOOODOOODOOObOOOObDooooooobooooboooo
gooobod

TORQUEOO1O0OOOOOOODOOOOOOOOODODODOODO((@O 51)000000
gobbboooobobbuoooobbboooobooo

OOooooopbobobooooonoonDoobDOo TORQUEDODDOOO

gobbodboboobuooboooboooboooboboboboobuooboba
goboooboooboooboooogob ceObOObDOOOODOObOOODOOD
goooo

O00ob00obOobOoboobOoboD TORQUEDODODOOOODbOUODOoDoOooooo
gobbbogoobobobuoooobo

5.1.2 TORQUE 00O 0O0OODOOO

TORQUEODDOOOODOODODODODOODOODOOoOOoOooooDOg
TORQUEOOOOOODOOOOOOOOOODOOOODOOOoOoOOooobooboooD
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Master

i N

Slave A Slave B Slave C Slave D
» LA 1Y X

Slave E Slave F Slave G Slave H
|4 | 4 A X

Slave | Slave J Slave K Slave L

0 5.1: TORQUE 00O

e PBS_NODEFILE

gbobboooobboboooobbobooooboo

e PBS_NUM_NODES
gooogoooo

e PBS_NUM_PPN
gobobooogbbobogo

PBSNODEFILE OO OUOOODODOOOOODOODOOODOODOOODOODOOOOOD ssh

O00000Oo(@ooogg 5.1)

OO0oooOos1: 000000000000 00000 hoestname DOOODOOOODODO

function run() {
while read node
do

ssh $node hostname < /dev/null

done
wait
}
run < $PBS_NODEFILE

00000000000 qgeubO0O0O0O0OD0OO0O(0OODOOO 5.2)

000000 52: 100 (10000 100)00000O0O

gsub -1 nodes=10:ppn=1 job.sh

gbobodbboboogobbooobblibbolgobbooobbooobbod
gobooobbooobboobb40bbooob44b0o0oobbooobbood

gobbbouoooobbobouoooobo
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gbougodugligodliugbooobobbobboliobogob4boobogoogd
00000000000000(@MO0000 5.3)

000000 53: 100 (10000 400)000000

‘qsub -1 nodes=10:ppn=4 job.sh

0000000 OPBSNODEFILE 0000000 D00004000000000000
000 (PBSNUMNODES 00O O O0O00)

00000 wiq000000000000000000000 ssh0000000O0
000000000000(MO0000 5.4)

obobbg s4& 0000000DLOO0DOODODODO

uniq $PBS\_NODEFILE /tmp/nodes

OO0o0O0og b5 Alice0J00D00OO0ODODOOOODOODOODO

#!/bin/bash
#

# Alice Ring Topology

#

#PBS -q dque

#PBS -N AliceRingTopology
#PBS -1 walltime=00:05:00

alicepath=/home/mass/student/k108572/test

'node_num="‘expr $PBS_NUM_NODES - 1 # TopologyManager U U0 100
'port=10000 # DO OOOOOOO

lcount=100 # U OO OODOOMO

size=4096 # UL 0O 0OUO0ODOOOOOOOODO

function run() {
read serv
ssh $serv "ruby, $alicepath/ring.rb $node_num > /tmp/ring.dot" < /dev/
null
ssh $serv killall java < /dev/null
ssh $serv java -cp $alicepath/Alice.jar alice.topology.manager.
TopologyManager -p $port -conf /tmp/ring.dot -log $alicepath/log/
manager.log -level info < /dev/null &
cnt=0
while read node
do
ssh $node killall java < /dev/null
ssh $node java -cp $alicepath/Alice.jar alice.test.topology.ring.
RingTopology -host $serv -port $port -p $port -log $alicepath/log
/ring${cnt}.log -log -level info -count $count -size $size -
nodelNu
m $node_num < /dev/null &
cnt=‘expr $cnt + 1°
done
wait

}

uniq $PBS_NODEFILE /tmp/nodes
run < /tmp/nodes
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gooobd se: 500040000 1000000 00D0O00DbDO0OD

#!/bin/sh

count=6

while [ $count -le 46 ];

do
gsub -1 nodes=$count:ppn=4 ring.sh
count=‘expr $count + 1°

done

5.2 Federated Linda OO 0O O O[O

OO000 Alice 0 Federated Linda OO0 O OOO0OOO0OOOOOOO Federated Linda
00000000000 oUooUooUooOooOoonD AliceOnboooo

5.2.1 0O0OOO

00000000000 (0 5.1)0000000 (0 52) 0000000000000
goboood

gsl:00000goooao

gooog 84

CPU Intel(R) Xeon(R) X5650 @ 2.67GHz
gooog 12

gooog 24

CpU OOOODO | 12MB

Memory 132GB

g s2 000000000

ogogoo 480

CPU Intel(R) Xeon(R) X5650 @ 2.67GHz
ogogooo 2

ogogoo 4

CpU O0OO0O0O | 12MB

Memory 8GB
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5.2.2 0O0OOO

gboboboooobobooooboo coboboooobbionooobon
00000000oooo(@o 5.2)

4096 bytes
Message
>
Topology > Topology
Node Node
y
/' Message ' \“

Topology 100/ 9 2 K% 538 Topology
Node Node
Topology Topology
Node Node
Topology Topology
Node Node

N
\ ;/

Topology ¢ Topology
Node Node

g s2.100000d0obobboooobliooooooboooobon

000000000 10bytes UDODOOOODOOODO 4096 bytes OO OOMO
gobboooobbodd

O000DbO0bO000O0bO0bOo0o0O0obOO0obODOobOoboboUobDOobDOobOO APIDOO
gobbobouooooboo

5.2.3 U000
gog

5.24 00U
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6.2 0O0OOOO

6.2.1 UUOOOOOOOOO

OO0 AlieeD0DOOO0ODOODODO DataSegment 0000000000000 OOO
Oo0o0oooooooon

00000000000 Data Segment U OO Key-Value Store 00O OOOOOMO
O00000o0ooOOoooooooooon

D0D0000D0000D00D000000D00DO00D000 Alice 0O Data Segment [J
000 MessagePack OO0 ODOOOOOONO DataSegment 00O OOOOOOOOOO
0000000000000 DataSegment DO ODO0OOOOODOODOOOOOODOO
ooooo
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6.2.2 Data Segment 00 00O0O0O0O0OO0OODOOODOOOO

000 Alice 000 Data Segment 0 OO0 OO0 Data Segment 0000000000
00000000000 Data Segment 0000000 Data Segment 00O 0O OO
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0000000000000 00DO0000D0D00O000DOOoooOooDOooDoog
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0000000000000 000D00bOO00O0O0n

O00O000bO000O00O0bOO00oD1000bo00obOOoooOoOOoobbOoDboOog
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6.2.3 Federated Linda 0000 O000OC0OOOOOODOO0O0O

OU0D00000000000000D000D0DO Federated Linda DO OOO0OOO0OOO
gobbobooogoboboooobo

O0O000obOoOOoo00ooDOoOoOooDoboOgn Alieeddooonbo1000boo0OO
gbogobuogboooboboboooboobbooboobbooboobobon
O00000000000000 Federated Linda DO O OO000OO0OO0OO0OODOOODO
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gooboo

6.24 HashMap UU00O0OUOO0OODOOOOO

O00000D0 Federated Linda OO 0O O Data Segment Manager 00O 000000
0000000 DataSegment 00 DODOODOODOOO HashMap DO ODOODOODO

O000 Code Segment 000 OO0 O0DOO00O0ODOODODOODOODOOODOOODOOO
ooooooboboboooboooooobobooo

00 Javassist OO OOO0ODOOOO0OOOOOODOO0ODOOOO0ODOODOOO
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6.2.5 Code Segment 0000 0OOOO

Federated Linda 0 00000000000 DOOOO0OOOOO0ODOODOOOOOOO
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