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Abstract of Bachelor’s Thesis
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LOLCAST: Layered Overlay Multicast Protocol

This paper proposes a new overlay multicast protocol for delivering hierarchical structured
data and discussed on capability of the protocol. Overlay multicast has been proposed for
alternative technology to IP multicast. Existing overlay multicast protocols are only designed
for delivering single quality data. Therefore, existing overlay multicast protocol could not
offer a service to the recipients, which could apply to the request on quality of data. This
paper proposed overlay multicast protocol for delivering hierarchical structured data to solve
this problem.
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5.1 UOOOOOO

LOLCASTOOOOODODOODOOO. 0o 0oooooouooooooooooo. oo
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LOLCASTOODOOOOOO0ODODOODOOO,0b00O0obOoCocbooO0oboOogooOooD
oboobbooobooooboobobbob0. ooooboobobobooboob, oo
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gobooboboobooooboboooobbooooboobo,oogoooboooboboooon
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e NUUODOOOOODOO
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e Parent NodeO OO OOOO OO
000 Parent Node OOOOOO0OOOOOOOOO.OO0OO00O0O Parent NodeO O
Ooo0o0ooooooo.

e Child NodeO' O OO
OO0O00000 Child NodeDOOOOODOOOO. OOODODOO Child NodeO OO
OO00O000D00O0.0D00000000oDbODOO0OO00DO Source Node OO
O000D0ODO0OODO0ODOODDOO ChidNodeOODOOOOODDOOODOO,0000O.

5.4.3 Recipient Node 0O 000

Recipient Node 00000000 O0O0COOOOCOO,0D0000000DOOOOOODO
U0 DO0O0. Recipient Node UOODUODODOOOOODOO.

e NOODOOODODO
ubooboggooaoobo.

e Source NodeO O OO OO
Source Node OO OO ODOOOOODOO.

e Parent NodeO O OO OO
Parent Node OO OO O0O0O0OOOOO.

e Child NodeJ O OO
OO0O00000 Child NodeOOOO OODOOO.

e Potential Parent 0 00O (PPL)
000 Parent NodeOOOODOOOOOOOO . Source NodeOOOO O ODOO , Recipient
NodeO OO PPLOOOOO Parent NodeO OO OO DODODOODOOOOOOOODOO
O0.

5.5 HUgogg

LOLCASTO ODOODODODOOO00DOO, 000 000000000000, 00oogg
00000000000 00000OoODODO0OD000. 0000 LOLCASTOOOODOOOOD
0doboobO0oDbD. O0o0ouogo, Rendezvous Message U, PPL Message O, Join Message
0, Data Message O , Leave Message 0 , Prune Message [0 , Notify Message 00 70000 O
oooo.

5.5.1 Rendezvous Message

Rendezvous Message U0 New Node O OO DO ODOOO0OOO0OO0OOOOODOOOODOODO
000 Source NodeD DO DOODOOOOODODOODDODOOOO.
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¢ Rendezvous Request (Recipient Node to Source Node)
Recipient Node[d Source NodeO OO ,0000000000D0ODOOCDOODODOODOOO
O00D0000000.000D0DO00, Recipient NodeD OOOODOOOOOO. OO
OO00OO00O00O0 Source Node O Recipient Node OO O0ODOOODOOOOOOODO
0000000, 0000000 Rendezvous Accept, D00 000000 Rendezvous
Reject O Recipient Node O O O .

¢ Rendezvous Accept (Source Node to Recipient Node)
Source Node[d Recipient Noded OO , Rendezvous Request 0 O 00 00O OOODOO.
O0000D0O0,00000000 Recipient NodeOOOOODODOOOOOOOOOO
0O0000. 000000000 Recipient Node0 000 0000 Source Noded OO
goboogooadgd.

¢ Rendezvous Reject (Source Node to Recipient Node)
Source Node [l Recipient Node OO , Rendezvous Request 0 O OO0 00000000 .
000000000 Recipient NodeD, 00000000000 DOODOODO.

5.5.2 PPL Message

PPL Message 0 O , Potential Parent Node O OO0 000 O O Potential Parent List (PPL)
gooboooo. PpPLOOOOO,b25000000.

e PPL Request (Recipient Node to Source Node)
Recipient Node O Source Node O OO PPLOOOOOOODOODO. O0O00OOD0OO
Recipient Node 0 000 O0O0O0O0ODODOO. O0OOOO0DODO0O Source Node O, PPL
Data OOODOODO OO PPLO Recipient NodeO OO OO.

e PPL Data (Source Node to Recipient Node)
Source Node 0 Recipient Node O OO, PPLOOOODOOOOODO. Source Node O
PPL Request 0 0 00 OO0 O Recipient NodeO OOO OOOOO PPLOOOOODO
000000000000 000. 000 Recipient Node 0D OO0 000, 00000
000, Child NodeDOOOODODDOOODODOOOOOO PPLOODOODO. OOOCOODO
000 Recipient NodeD PPLOOOOODOOOODOODODOO.

5.5.3 Join Message

Join Message U PPL Message 1 0 00O PPLO DO OO O OOO O Potential Parent Node
000,000 Child NedeOOOOOOODOOOOODO.

e Join Request (Child Node to Potential Parent Node)
Child NodeO Potential Parent NodeO OO , 000000000000 ODOOOOCCO
O000000. 0000 Potential Parent Node PPLOOOODOOOOOOOOO
O0D0000000DO0O0. 0000000 ChildNodeOOOOOODDOODDO. Child
NodeO OODOOOOOCOO PPLOO Potential Parent NodeDOO O OOOOOO. OO
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0000000 Potential Parent Node , 000 00O OO0 Child NodeO OOO O
000000000 oo0oDooooDo0oooDoOo,000oDo0o0ooo0ooooo
O0000. 0000000000, Child NodeO ODOO OODO Potential Parent Node
O000000000000000d, Join Accept Child NodeOOD. ODODOODODO
OO0 Join Reject 0 Child NodeO OO

e Join Accept (Potential Parent Node to Child Node)
Potential Parent Node O Child NodeO OO, 00000000000 DOOOOODOO
O0OO0O0O0. 0000000 Potential Parent NodeD OO0 OO0OOOOO. DODOO
00000 Child NodeO Potential Parent Node D000 OO0 D0O0O00OO0OOO0O
good.

e Join Reject (Potential Parent Node to Child Node)
Potential Parent Noded Child NodeO OO , 0000000000000 ODODODOOO
O0000. 000000000 Child NodeOODOOOOODODO Potential Parent Node
000 Join Request 0 OO .

5.5.4 Data Message

Data Message 0 0 OO0 Parent NodeU DO OO UOUOODOOODO0OO,000000000.

e Data StartRequest (Child Node to Parent Node)
Child NodeO Parent NodeO OO, 0 0000000O00ODOOODODOODOO. O0OOO
000 Child NodeDOOOODOODOODOO. OOODOOOOOQO Parent Noded Child
NodeUOOOOOOOOOOoOOoOoOOoOoOooODOoOobOOOoOobOOoDODODOODODOOO.

e Data StopRequest (Child Node to Parent Node)
Child Node O Parent Node O OO, 0000000000000 DOOOOCO. ODOOO
OO0 Child NodeODOOD ODOOOOO. DOOO0ODODODOO Parent Node I Child
NodeOODOOOOOODOODOODODO.

5.5.5 Leave Message

Leave Message 0 00 0000000000000 O0O0O0O0O0O0DOCOCOO Child NodeO
oo,00000000.

e Leave Request (Parent Node to Child Node)
Parent NodeO Child NodeO OO ,0000000000D0000O0O0O0OOOOO, O
O Parent Node DO O0ODDOO0O0OUO0O0O0OO. DOODODOO Parent NodeOODO OO
O Child NodeO OO OOGQOOO.

e Leave Complete (Child Node to Parent Node)
Child Node 0 0 O Parent Node 00O, 00 Parent NodeOOOOOOODOOOOOO
000. 0000000 ChildNoedeOODOOOOODODODOO. OO0O0OOODO0O Parent
NodeO,000O0OODOOODOO Child NodeOOOO ODOOOQOGQO.
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5.5.6 Prune Message

Prune Message 0 0 Child Node Parent NodeO OO O, 00000000000O00O0O0O
ooooooogoog.

¢ Prune Request (Child Node to Parent Node)
Child NodeO Parent NodeO OO ,0000000000D0OCOO0O0O0O. OO0, Child
NodeDOOOOODOOODOOODODOOODOOOO. OOOOODOO Child NodeO OOO
O000000. 0D0000000D0O Parent NodeOOOOO OOOOQOO Child Node
00000000000, Prune Complete d Child NodeO O O.

e Prune Complete (Parent Node to Child Node)
Parent Noded Child NodeO OO, Child NodeOOOOOODOOOOOOODOOO.
OD0O0000O000 Child NodeO, DODODOOODOOOODODOODOODO Notify
LeaveComplete 0 Source NodeO OO 0O0O.

5.5.7 Notify Message

Notify Message 0O Source Node D OO , 00000000000 0O0OOOO0OO0O0O0O0O
O000oo0000ooooooooooooon.

e Notify JoinComplete (Recipient Node to Source Node)
Recipient Noded Source NodeO OO, 00000000 DOO00OOOODOOOOODOO
000000000 0O0OO000. O0bO0O000d Recipient Noded OO Parent Node O
O0000000000. O0OO0O0000D0004d Source Node 0 Recipient Node 0 Parent
NodeOOOOOOOODOOO,000000 00O Recipient NodeO OODODO.

e Notify LeaveProgress (Recipient Node to Source Node)
Recipient Noded Source NodeO OO, 0000000000 DOOO0OC0OOODOOOO
000000000000 0O0. O0DbO0000 Recipient NodeOOOO ODOOODODO
0.000000000 Source NodeD Recipient Node OO OO OD0OOOOOOOO
oobooboobooooo.

e Notify LeaveComplete (Recipient Node to Source Node)
Recipient Noded Source NodeO OO , 000000000000 0OCOOOOOOOO
0000000000 D0ODOO0O. 000 Recipient NodeOOOOOOOOOOOODO
00000 0oOoooOdonO. O000000 Recipient NodeOOOOOOOOOOO.
000000000 Source NodeD, 00O OOOO Recipient NodeO O OO O.

e Notify ParentChanged (Recipient Node to Source Node)
Recipient Node [ Source NodeO OO , 000000000 OOO0OOODO0OOODOOO
00000000 00. 0000000, Recipient Noded 00 0O Parent Node OO0
0000000. 000000000 Source Noded Recipient NodeOOOO OO0 DO
O, 000 Parent Node O 00 O O Parent Node [0 Recipient NodeO O OO OGO QOQdO
gooooobooon.
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5.6 UUOUOULUOULOOO

LOLCASTOOOOOODOOOOO0O0O0O0R2DO0O00000000000O0. OO0O0O
gooobooobooooboobo40000000. 0b0boooboobbbDOob O
gooooo.

Octet 1 Octet 3 Octet 4

Octet 2
e e e

Message Length

Message Header
Message Type Message Subtype Unused

Node ID
Sender Nodeinfo

Number of Layer Depth in Tree Address Capability Unused

Number of Address

Address Type Address Length Unused

Address List

Address
(Variable Length)

Data Length

Message Data
9 Data

(Variable Length)

0 5.2 0000000O0DOO

e Message Header
Message Header 00 OO0 000000000 O0OOOOOOOOOODOODO. Message
Length O OO0 OOOO0OOO0DOOODOOO, Message Type, Message Subtype
Ooo0oo0OoREDO0O0ODODO0ODOODO0O0O0OD00O00O00.

e Sender Nodeinfo
Sender NodeinfoO OO OO0 0000 O000O0O0OO0OOOODOOOOODOO.R3A0OOO0O
0doobdooooooOdoooo, 0o 0obo,0o00booooobOoo, oo
0000000000000 00D0000O, Node ID, Number of Layer, Depth in
Tree, Address Capability 0 0000 O00O00O000O0O.

e Sender Address List
Sender Address List 00 000 000000000000 000O0O00OO0OOO. Num-
ber of Address0 000000000000 DOOO0OOOODOOO0O. Address Type
OO0ooooIPva0 IPv6 OO0 O00D0OO0O0OO0OOOOO0O0OO0DODODOOO. Address
OoooOoOo0o000oOo,00o00Doooooo.

e Message Data
Message Data 00, 00000000 DO0O00OO0O0OOODO PPLODODOODOOO.
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Data Length U 0000 OO0O0OO0OOO0OO0OO0O0O. DataOOOOOOOOOODOO
gogoooboooag.

5.7 UUUOUOULUOUOOOOOOO

0000, LOLCASTOOO0ODOODO0OODOOOOONODOODDODOODO. 0o0oon
0oo000o0obOoOOOoO00oOooDOooDoOOoDOO0obOoOO000oDbOoODOooOoDOooOoOo. oo, PPL
000000 PPL Extraction, OO0 D00 00000000 O0OOO0OOOOODOODOOOO
0 Rendezvous Procedure 0 0 OO 0O0O0O. DOO0OO0OOO0ODODOOO0OOOOOOOOO
OO0D0O0OOoO0Oo0n0O Join Procedure, Leave Procedure D OO0 O OO .

5.71 0O0O0O0OO0OOO0

0000000000000 000000000000D0000000000000000
00000, 0BID 0000000000000 . Source Node O Recipient Node O 00O 0O
OosS R,00000.0000000000000000 L,,00000ooooono b,00
000.00000000000 ChildNodeO OO ¢,0000R0.

gs1:000b0o00obooooon

Source Node S

Recipient Node Ry, R, R3,...R,
Number of Layer L,
Number of children node(s) Chn
Depth D,

5.7.2 PPL Extraction

Source Node 0 OO0 OD0 0000 D0OO,000000000000000 LOLCASTOO
00, Source NodeO OO Parent Node DO OO O0OO0ODOO0OOOODOODODODOOD
0. 0000, 000 Potential Parent Node 0 O 0 00O , Potential Parent List 0 0 00O O O
PPL Extraction 0 0 B30 0000000,

PPL Extraction 20 000000000000 0O. Temporary PPL Extraction 0 PPL
Extraction 0 O 0. Temporary PPL Extraction 0 00O, OO0 OO0OOO0OOOOOO, PPL
Extraction0 OO0 0OD00O0O0O0ODOO0ODOODOOOOODOOODODOOOO.ODO0OOOOODODO
O00D00000000,0000000000. Potential Parent NodeDO OOOOOO OO
opooooo.

e Child NodeOOOO OOOOOODDOOO
e Leave Node OO OO O OOOOOOO

e 00 Child NodeOOOOODOO
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oo0o0oOOoooboooboo,00bobbo0o0ooooboooOoooOobOoDoOooOooo
0000000 Potential Parent Node OO O, PPLODODOOOO.

:"'l TemporaryPPLExtraction |"""""""""""""": Palalel PPL Extraction e ettt

> Start PPL Extraction )
47/ Get Rn from temporary PPL H Remove Rn from temporary PPL /

Rn is not Leave Node

Start Temporary
PPL Extraction

Get Rn Tree Nodeinfo
from Tree structure

Compare number of layer
ifla<ln

A

Temporary PPL is empty

Entriesis PPL>0

Check number of nodes
in temporary PPL > TMPPPL

Sort PPN by Depth

End Temporary
PPL Extraction

(©)

H '
H : :
' : ;
' ; :
' H :
: ' H End PPL Extraction '
_______________________________________________________ I
: H
: '
N Ty PO R— B
: ;
: '
: :

Child Node: Ra
Potential Parent Node (PPN): {Rb, Rc, Rd...Rn}

Ln: Number of Layers
Cn: Number of Child Nodes

TMPPPL: Size of temporary PPL
MAXCHILD: Number of max childrens to manage

Essential Conditions for PPN
1.la<Lln

2. ILeaveNode

3. Cn < MAXCHILD

O 5.3: PPL Extraction 0 O0O

Temporary PPL Extraction

1. Source Node OO DOOO,000000D000O00OO0O0OOOODOOOODOOOOOO
oboooo

2. Child NodeOOOOOODOODOODOOO, ChildNodeOOOOOOOOODOOODOO
3. 0000000000000 000 Temporary PPLODOOOO

4. D00000ooooboboobooooboobob 1300000
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5. 00000 Temporary PPL 0 PPL Extraction 00O 0O O

PPL Extraction

1. Temporary PPLOODOOOOOODOOOO Leave Node U O DO D OOODOODOOO
oooo

2. 00000000000 PPLOOCODOO
3. Temporary PPLOO OO OOOOOOOO 12000000

4. Temporary PPLO DO O O0OOOODOOOCOO,PPLOOOOOOOOOOOOODOO
000 Temporary PPL Extraction O OO DO OO O

5. PPLOOO0OOOOOOODOOOOOO0OU0O0O0OLOOOOOO0OOOOobOOooooon,
PPL ExtractionO OO OO

5.7.3 Rendezvouz Procedure

© —
=
A =
d Source Node

Word of mouth

. . * Informatioh of Source Node
Vil essepyal: Address

- subessential: Number of layer / Number of children
| —_,

|
’
Mail / Web /v

I
\

M—
=1zl
—
——

-

O 5.4: Rendezvous Procedure

New Node 0 000000 O0OO0OOODOOOOOO Source NodeODOODODOOODODO.
Source Node 00000 EBAN 00000, WebODODO/O0OODODOO0O0O0DOO0O0OO. Source
NodeOUOOOOOOODOODDODOODDOOOODOUOODODDOOOOO,0000obobOoooon
oono.

5.7.4 Join Procedure

0000, New Node0OOOOOOO0O0OO0OO0OO0OOO0O0O00O0RAESED OO0
0000000000000 000000GBRI 000000, 0000000000000
0000 S,, Ry, Re, R0 40000000000, S,0 Source Node DO DO. 000000
0000000000, NewNode R.ROOOOOODOOOOOOOOOOOOODOOOOO
0D00.00,000000000 ChildNoedeDODODOO 2000000.

28



O 50 LOLCASTO OO S5.7. DD0O0O0OObOOoOoOoobDoO

X 6. PPL_REQUEST

S = Source node 2 Gheck add dbilt 1. RENDEZVOUS_REQUEST 7. Extract PPL using Nodeinfo of Node R

_ - . Check address compatibility . Node Re's Nodeinfo lodeinfo of Node Re
R = Recipient node 3. Alocate new Nodeid Nodeinfo of Node Re Request Layer = 5
L = Number of layers NodelD, Number of layers,
C =Numberof children [ a=10( . N =--. Number of children, Address list
D=Depth | ca=2 \%U... TN, S—W——7—m—m—m———— T NI Tl
Max number of children =2 |~ Da=0 /N "Ttee_ o TTsel.  5soesaNodeino 0/ N\ [T/

- ~ 5.Store SaNodeinfo /N 7Tl
~~~~ Store Nodeid
Le=5

Le= 5
Ce=0
De=0

8. PPL_DATA

4. RENDEZVOUS_ACCEPT
PPL Data
Nodeinfo of Node Sa Sequence of potential parents
1.Node Rc / 2.Node Rd

PRSP Message data
> Data

Allocated new NodelD for Node Re

0 5.5: Join Procedure 1/3

1. 0000000do0ooooooooog R.OBZ3OOOOO Rendezvous Procedure [
OO0D0O0O00d Source Node S, 0000 000 OO Rendezvous Requestd S, 0 00
oood.

2. Rendezvous Request 0 000 S, 00000000000 R OODOOODOOODOO
ooopoooooooooooooooa.

3. 5, 00000DO0O000DOO0OO0DOO0bOO0ODOOODO,000 R.OODODODOD
gooooooo.

4. 0000D000ODO R.ODOCOOOUODOODODOOODODOOO, Rendezvous Accept O
R.OOODOOODO.

5. Rendezvous Accept0 000 R.0O,S. 0000000000, 0000000000
Oo0o0ooDoooooog.

6. 00 ReODDODOODODOODODODOODOOODODO S,0000 PPL Requestd OO
ob0. 0000000 ROODODOODOODO L.OODODODO.

7.5, 0b720000000000,PPLOOODOODO.0D00,0000000000 R.
gooooooboobobooboboooobbooogo. bobob R, RgO PPLOOODOO
goooo.

§. 000D PPLOOCOOOODOODOO, PPL Datal ReOODODOOODO.
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9. JOIN_REQUEST
Nodeinfo of Node Re

Le=5 10. RemoveRc's Nodeinfo
Ce=0 after sending message
15. Store Rc’s Nodeinfo

18.Start recieving data

17. Start Sending Data to
Re’s address

16. DATA_STARTREQUEST
Nodeinfo of Node Re

lc=4 Lb=8
Cc=0 Cb=2
Dc=1 Db=1
11. Check layer (Lb > Le )
12. Check children ( Cb < MAXCHILD)
13. Store Re’s Nodeinfo to
Child List ( Cb -> 2)

14. JOIN_ACCEPT
Nodeinfo of Node Rc

Ld=3
Cd=0
Dd =2

0 5.6: Join Procedure 2/3

9. Jo0o0oUooODbUObOOUO R.O,PPLOOOOODODOD R.OODODDODODOO, Join
Request R,.OOOOOODO.

10. Join Request 0 U0 OO0 RO R.OO0000O0O0 PPLODODOO.

11. R.O Join Request 00000 R, OOOO0DODODOOO, Child NodeDOOOODOODO
gobogoobooooo.bb R.OOOODOOD R.OOODODDOOODODDODD, O
oooo (Le> L. 00000 R.OODOOOODOO 5, ROODODODOODOOSOIOO
goooooooo.

12. 00,R. 0000000 O0D0OODOUDOOOOOODODO (C. < MAXCHILD).ODOOO
gboboobob b0 20000b00,0bo00boog.

13. ReOUDOOOODODDOOODODOOOUODD RO R ODOODDODDOOOODODO
googog.

4. R,OODODODOOOODDOOOOOOODDOO R.ODDODOO, Join Accept R, O
gooooo.

15. 00oooooooD RO,RO0OO0ODOCOODOOOOOOOOODDODODO.

6. OO0 OO0O0OoOOooooobooo0 ROODOODODDOOOOOLDDOO, R:O0OO0O Data
StartRequest 0 0O 0 0O.

17. Data StartRequest 0 000 R.OO00OO0O0O0OOODOOCOOOO R OOOOOODO.

18. R,OOODODOODODOOODO.
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19. NOTIFY_JOINCOMPLETE
20. Add Node Re to Tree Structure Nodeinfo of Node Re (Child Node)
Nodeinfo of Node Rc (Parent Node)

21. Join Completed

O 5.7: Join Procedure 3/3

19. R, OOOOOCOCOODOOOOOODODOOLD S,0000DDO Notify JoinComplete
Oos,0000000.000000DOO00,0000DO00000D00, RO R.OO0OO
gboboobod.

20. Notify JoinComplete0 000 S, 0,00 R.ODOO0ODOOOOO R.OOOODOO
goooobob. ReOODDODODOODODODODODDD R.OODODO. UDD Re
goooooboobobooboboooobooo.

Potential Parent Node New Node Sour ce Node

Ja N’REQJEST

JON Accepr
NoT|

T IFY g5
*

Join Procedure

0 5.8: Join Procedure 0 0O 0 O0OO0O0O0O0OOOO
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5.7.5 Leave Procedure

0000, Leave Node D OO 0OO0OO0OO0DOO0ODOODOODOOOOOOODOORI BTN O
O00D00.0000000000000000000RIID00. 000000OOO00Oo0DO
000000 S, Ry, Re, Rg, R, Ry 60000000000, S,0 Source NodeO OO
00000000000000000, ChildNede R,0000000 R.OOOODOOOOO
O000Db0o0O0o00obO0obO0ob0O0obDO0. 00,0000 00000 Child NodeOODOOO 2
O000. Leave Procedure 0 0 OO Leave NodeO , 0 00O Child Node OO OOODOOODODO
oooooooooooooooooon.

2. Add Node Re’s Nodeinfo 10. Switch Parent Node of Rf
to Leave node sequence 9. NOTIFY_PARENTCHANGED from Re to Rb

Nodeinfo of Node Re (Child)
1. NOTIFY_LEAVEPROGRESS
. Nodeinfo of Node Re
o
.
.
.

La=10 Nodeinfo of Node Rb (New Parent)
Ca=2

Da=0

Lb=6
Cb=0
Db=1

6. Stop sending data to Rf
8. Remove Rf's Nodeinfo
from Child sequence

T = =

'
v ol

N S

RN R

CEAN R 5. DATA_STOPREQUEST
7. LEAVE_COMPLETE % AN P . .
s Sel .l . Nodeinfo of Node Rf
Nodeinfo of Node Rf N T Teeaiaae” K
. .

4. Send PPL Request to Sa
(Join Procedure)

Df=3

O 5.9: Leave Procedure 1/2

1. 00000o0oooOoooooooooO RO, S,000, Notify LeaveProgress [
0O 0. Notify LeaveProgress 0 0 00 Leave Procedure 0 OO0 OO0 OO OO Source
NodeO 00O, PPL Extraction 0 00 PPLOOODOOOOOO,00D000000.

2. Notify LeaveProgress 01 000 S, 000000000000 0OOOODOOOOO R,
oooDo.

3. R.O Child NodeOOOOOODODDOOOODOODODOODOOODO,0D0O0O00O0O0OOO
0 Leave Request 0 00 00 Child NodeOOOOOOOO OO Child NodeO OO OO
O0.000 RO Child Node R, 00000, Ry 0000 Leave Request O 00
oood.

4. Leave Request 1 U0 0 Ry 0O OO Join Procedured 00O, OO0 Parent Node O 00
Oo00o0o.o0o00 S,00 PPL Requestl 00 PPLOOOOOO Ry0O, R, 0000
Parent Node OO O OO0OOOOOODOOODOOO. R,OO Data StartReqeuest [
0000000000000 000,000 Parent NodeO OO R0 Ryd 200 Parent
NodeDOOOOOOOODOO.

5. Ry00000000000 RpOOODODODOOOOOOOOOOOOOOO, 000
Parent NodeO OO R.OUOODOODOODOOOODDDODOO Data StopRequest U U [
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6.

7.

8.

9.

10.

11.

12.

13.

14.

oo.
Data StopRequest 1 000 RO R,00000000O000O0O0O0O.

000 Parent NodeO DO R.OOODOOOODOODOOO, OO0 Parent NodeO O O
O0o000o0o0o0oboo0oooo0n RyO, Leave Completed R, OO0 0OODO0O.

Leave Complete 0 000 R.0 R,000 Child NodeOOOOOOO R,0000 O
0o0oOdoD0O.Od0ob00o0d, RO Child NodeOODODODOOOOODOOODOOO.

R; 0O Parent Node R.O0 R,00000,0000000000000000000O
Source NodeO OO OOOOOO. R, 0000 Parent NodeOD OO R, 0000000
000000 Notify ParentChangedd S, 00000.

Notify ParentChanged 0 000 S, 0, Ry 0 Parent Node R, 00 R, 00000,
dodDooooooogoooo.

14. Remove Re’s Nodeinfo
13. NOTIFY_LEAVECOMPLETE from Tree structure & leave node sequence
Nodeinfo of Node Re
La=10
11. PRUNE_REQUEST
Nodeinfo of Node Rf

- Ca=2
Da=0

12. Remove Re’s Nodeinfo
from Child map

15. Leave Complete

\
.
'
' H
. .
. 1
'
N "' 12. PRUNE_COMPLETE
,,' . Nodeinfo of Node Re Lf=5
" Ci=0
Dd =2 De=2 pi-2
.

0 5.10: Leave Procedure 2/2

Leave Procedure d 9.0 000 Child NodeOOOOOOOOOOOOO ReO Parent
NodeOUOO R.OODOODDOODOOODODO Prune RequestJ OO0 0.

Prune Request U000 R OO0O0O0O0O0OOOOOOO ROOOODODOOOODODO.
oo0ooon, R.O Prune Reuqest 1000000 R, 0 Prune Compelted O [
oo.

Prune Complete 0 00 0 R, O, Parent NodeO 00 00O Child NodeOOODOO, O
0000D0O00o00bodboogoooog. o000 R.O Source Noded OO Notify
LeaveCompelte 0 00, 000000000 O0O0OOOOODOOOODOO.

Notify LeaveComplete 0 OO0, S, 00000000 R OOOODOOODOOOOO
0, Leave ProcedureJ 0D O OO .
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Chil d Nodes Leave Node Par ent Node Sour ce Node

QUEST
LEAVE—RE \ Nor) Fy |
/ L EAVEPROGRESS

ZAFTER JO N PROCEDURE

L

%

NOT

E
w

\%

Leave Procedure

0O 5.11: Leave Procedure D OO0 0 OO0 O0OOOOOO
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6.1 0UO0OOO

LOLCASTOOODODODOOO0OO0O0OODOO0ODOO0ODO,0DD000000D0DOO0000oooOogoDn
000000000000 0oo00o0EIDOOODOOO0ODOOOODOOOOOOOOOOO
O0. LOLCASTO 4000000000000O0O. LOLCASTODODOOOOOODOODOO,
gogoobooboooooboo,bbobobbbbobob,boooobobooooo 400
gd.guobobboooobooauooabobod.

e LOLCASTOOODOOODOODODDO
LOLCASTO O0ODOODOO0O0ODOO00D0O0oOO00OOoOU0O0UoooOoooUuooDo
gooboboobooboooboo.obbobooboo,obbboboooboo0oboboo
uggbo,0boobooboboboboooobooobbooooobooooobooooooobon
googoooooo. gooboobobooobooboobooooogoobo,ooon
gboogoooooooon.

e IOODOOODODO
gboboooobooobooooboooboooboboooboooobLbobooon
googbooooobbobobuobbbooooouoboooobobooboooobb
goooo. oo, gouboooooobooobobobobobooboboboboobooboobon
goooooobobbobooboobobooooboooboooouooooag.

e JUDOOOOODOODOODO
uobpoobooouooooooboboobobboobooboboobobbboon
ojooboobooboboo,0boooooboboboobobooooooobob. boo
ugboboboobuooboboogooooo.obob,ooboobobooboobb
gbo,.0o0booooboooooobooboobobobobooobon.

e JODOODOODODLO
uoogooouooobobo,boboogouobobbobobooobobbo,obbn
gogbooogobobobooooobbooobobobooobooboo.

e JO0OD0OO0ODOOODLO
goooooooobooobo,oboboboobbobooboboobooobooboooooon
gbobooooobobobooboooobbbooobobooooooog.

6.2 0UO0OOO

OCo0oo0oooooooBEImon.
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060 OO 6.3 00000

View recieved Data

Application User Interface

for LOLCAST
Application Module
\ 3
Process data stuctures base onrecieved message
-y API for LOLCAST Pass over messages to Module Joint

Sort messages and pass over
to Protocol Administration Module

LOLCAST Protocol Administration Module | 3
K | ? | ?
~4 * Module Joint * Module Joint ?

A

Network Module Simulator Module
\ 4
Send Messages from Module Joint Recieve Messages from Network i
Send Data Recieve Data Process data stuctures on virtual nodes

0 6.1: LOLCASTOODOOO

0610000
ocoooo PowerPC G4 1.25Ghz / Pentium III 1Ghz
ogo 768MB / 512MB
(O] MacOSX 10.3.7 / NetBSD 1.6.2
oooo con
ooooooo ctmpl

6.2.1 CTmpLib

cO000oDDoOOoODOODODOO CTmpLibOOOOOOOOD. CTmpLibOOOOODO
ggoooboooooobobooboboobooobooooboo.boooo,gob,o000,000
gob,0dooooboboooobo,obobooobobboboobboooboooo. o
g,0dgbobodgoboooooboboooobobobobobooooooooo. bgoo
o, 00000b0b0c0obodg CTmpLibd 0 OooQ.

6.3 UOOOO

000000000000 00000DOOoOO0ODOooUooOOOOO.

6.3.1 Source Node

O B2 Source Node 000D 0000000 O00OODOOOOOOO. Source Node O
0000000000000 0DOO0OO0Odisttree0 00000, 000000 DOODOOO
O nodeinfo 0O O OOOOO. disttree 000, D000O000O0O0OO0OOOOOOO
disttree_node 0 O dt_source, Leave Node O O 0O 0O O distnodeseqO O OO0, 0000
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0000000000000 bOO0O000O0bO0Onon distnodemap 00 dtmap_nodesD [
0000. distnodemapO0 000000000000 O0O0DOODOODO.

6.3.2 Recipient Node

Recipient Node 0 00 0000000000000, D0B3I00. Recipient NodeD 000
000 00, Parent Node0 000 OO, Old Parent Node O 000 OO, Source Node 0 0 O
0000 nodeinfoOOOOOOOO. 000 nodeinfolOOOOOOOOO, nodeseq [
000 Child NodeOOOODO PPLOOOODODO.

6.4 LOLCASTOUOOOODODOOOOO

OO000 LOLCASTO OOOODOODODOODODOOOODOOOOO0ODOOOOOODODDOD
gooo.

6.4.1 000O0OOOODO

ODO0O0ODO0O000 Source NodeDODOOODOOOOOOOODOOODDOODO,00,000
oboog0o. bgoooboboobooooooobobobooboooboog,bboooon
ugbooogoooo.

e disttree_addnode()
disttree_.addnode() 00 0000000000000 OOOOOO. ODOOOOOOO
0000 O Parent Nodel disttree_.nodel 00 . Parent Noded 0 00 dtmap_nodes
O00000,00 dtmap_children0 0000000 O0O000OO0.

e disttree_removenode()
disttree_removenode() 0 00000000000 O0O0O00OOOOO. 00O0OOOO
000000000 Parent Node O disttree_noded 0 0. disttree_addnode() 0 O
00, dtmap_nodesd 000 Parent NodeOOOOODO. OO0 OO Parent Node O
disttree_ noded dtmap_childrenO0 OO 00000000 0OOOOOO. ODOOOO
OOoooooooooo.

e disttree_setdepth()
disttree_changeparent() D 000 00000000000 OO. O0OO0OO Parent
Node O Child Node O disttree_.node 0 0 0, Child Node 00000000 OO0OO
gooobooogoobgooboobo.

e disttree_changeparent()
disttree_changeparent() 0 Parent Node 00O 00O 0 OO, Notify ParentChanged
0O00ddd0odooooobOO0obOOooOoO. oboOdg, Child NodeO disttree_node,
000 Parent Node O disttree.node D00, OO0 OOO0OO0O0O00O. OO, Child
Noded OO0 dtmap_nodesd 00O, Old Parent Node 0 dtmap_children 0 O Child
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struct disttree *disttree_new(void);
void disttree_delete(struct disttree *disttree_p);
struct disttree_node *disttree_node_new(void);
void disttree_node_delete(struct disttree_node *disttree_node_p);
struct disttree_node *disttree_node_find(struct disttree *disttree_p, nodeid_t nodeid);
void disttree_switchnode(struct disttree *tp, struct disttree_node *parent,
struct disttree_node *child);
void disttree_addnode(struct disttree *disttree_p, struct disttree_node *parent,
struct disttree_node *child);
void disttree_removenode(struct disttree *disttree_p, struct disttree_node *child);
void disttree_changeparent(struct disttree *disttree_p, struct disttree_node *newparent,
struct disttree_node *child);
void disttree_setdepth(struct disttree_node *parent, struct disttree_node *child);
distnodeseq disttree_getparentlist(struct disttree *tp, layer_t layer);

064: 000000000

void disttree_changeparent(struct disttree *tp, struct disttree_node *parent,
struct disttree_node *child){
distnodemap_iterator itr;

/* check for layer, parent > child */

if (parent->layer < child->layer){
abort();

}

/* remove child data from current parent child map */
itr = iterator_first(child->dt_p_parent->dtmap_children);
itr = iterator_find(child->dt_p_parent->dtmap_children, child->nodeid);
if (literator_is_end(itr)){
dprintf (("\t---node %d found\n", child->nodeid));
itr = iterator_erase(itr);

} else {
dprintf (("\t---node %d not found\n", child->nodeid));
abort () ;

}

/* add child data to new parent child map */
iterator_insert_pair(parent->dtmap_children, child->nodeid, child);
/* change parent entry of child */

child->dt_p_parent = parent;

/* set depth */

disttree_setdepth(parent, child);

0 6.5: disttree_changeparent|()

NodeOODOOOOOOOO. 00O Parent Noded dtmap_children [0 Child Node O
O00000000. Child NodeO p_parent (0 Parent Node 0 NodeinfoO OO O. O
00 disttree_setdepth() 0 000, 00000000O00OO0.

e disttree_getparentlist()
disttree_getparentlist() 0 PPL Extraction0 0000000000 . B30 0000
0 00, Temporary PPL Extraction 0 PPL Extraction0 OO OOOOO PPLO OO
ooo. O disttree_getparentlist() D00 0D .

ppllayercheck() 0O 0,000000000O, Temporary PPLOOOOOO. OO,
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distnodeseq disttree_getparentlist(struct disttree *tp, layer_t layer){
distnodeseq tmpppl;
distnodeseq ppl;
distnodemap_iterator itr;
int pplnum;

/x O %/

tmpppl = distnodeseq_new(PPL_MAX, PPL_MAX, NULL, NULL);
ppl = distnodeseq_new(PPL_MAX, PPL_MAX, NULL, NULL);
itr = iterator_first(tp->dtmap_nodes);

while(1){
/* extract temporary ppl */
itr = ppl_layercheck(tp->dtmap_nodes, tmpppl, layer, itr);

if (iterator_count (tmpppl) > 0){
/* remove leave node */
pplnum = ppl_removedeny(tp->leave, tmpppl);
/* check number of childs */
pplnum = ppl_childcheck(tp->dtmap_nodes, tmpppl);
if (iterator_count (tmpppl) > 0){
ppl = ppl_extractbydepth(tp->dtmap_nodes, tmpppl);
/* sort ppl with depth */
dprintf (("ppl with out switch\n"));
break;
}
¥
/x O =/
}
return ppl;

O 6.6: disttree_getparentlist()

ppl_removedeny() 0 0 O Leave Node O 0 O 00, ppl_childcheck() O OO, Child
Node OO OOOOOOOOOO. O0OO0OOOOOO PPLO pplextractbydepth() O
00,0000 oooooo, PPLOOOOODODOO.

6.4.2 0O0O0OOOODOOOO

oboboobobbobooog,dbobb0boooubg,00bodf reecvdd,send0O0DO0O
000.000000000boboboboOoboood, Message Type, Message Subtype
00000000000 reecvdOOODODO. reecv00D000D00D0D0OOOOODOODODODO
OooboooobboOo,0bb0odd sendd000O000. 000000 send00O00OO0O0OO
0000000, Message Datal 0 OO0 QOQOQOO.

0000000000 000000d Source Noded Recipient NodeD O OO OO OOOODO
goob. cCOdobiobooooooooooonouoo, bbb node0000ooooon
0000000000 ooon, nodetype0 000000000, OB OO00OO0OOO0O
0doooooooooooono.

41



060 OO

6.5. DOODODOODODODOO

void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void
void

send_rendezvous_request (struct node *self);
recv_rendezvous_request (struct node *self, struct msg *msgdata);
send_rendezvous_accept (struct node *self, struct nodeinfo *peer);
recv_rendezvous_accept(struct node *self, struct msg *msgdata);
send_rendezvous_reject(struct node *self, struct nodeinfo *peer);
recv_rendezvous_reject(struct node *self, struct msg *msgdata);
send_ppl_request(struct node *self);

recv_ppl_request(struct node *self, struct msg *msgdata);
send_ppl_data(struct node *self, struct nodeinfo *peer);
recv_ppl_data(struct node *self, struct msg *msgdata);
send_join_request (struct node *self);

recv_join_request(struct node *self, struct msg *msgdata);
send_join_accept(struct node *self, struct nodeinfo *peer);
recv_join_accept(struct node *self, struct msg *msgdata);
send_join_reject(struct node *self, struct nodeinfo *peer);
recv_join_reject(struct node *self, struct msg *msgdata);
send_data_startrequest(struct node *self);
recv_data_startrequest(struct node *self, struct msg *msgdata) ;
send_data_stoprequest(struct node *self);
recv_data_stoprequest(struct node *self, struct msg *msgdata) ;
send_leave_request(struct node *self);

recv_leave_request(struct node *self, struct msg *msgdata);
send_leave_complete(struct node *self);
recv_leave_complete(struct node *self, struct msg *msgdata);
send_prune_request (struct node *self);

recv_prune_request(struct node *self, struct msg *msgdata);
send_prune_complete(struct node *self, struct nodeinfo *peer);
recv_prune_complete(struct node *self, struct msg *msgdata);
send_notify_joincomplete(struct node *self);
recv_notify_joincomplete(struct node *self, struct msg *msgdata);
send_notify_parentchanged(struct node *self);
recv_notify_parentchanged(struct node *self, struct msg *msgdata);
send_notify_leaveprogress(struct node *self);
recv_notify_leaveprogress(struct node *self, struct msg *msgdata);
send_notify_leavecomplete(struct node *self);
recv_notify_leavecomplete(struct node *self, struct msg *msgdata);

~

6.4.3

U667 00000000000

ggobooog

000000000 lerecv(), lcsend() 0 200000000000. lerecv() OO
g, ggoooodoooboodbgnobooooobobuooououobobobbooboonD.
lesend )00 0000000000000 0OO0OOOODOOOOOODOOOOOOODOOO

goog

6.5

ggoooooboboooogog.

goouooboggoog

gbodoooobbboooo, obboobbobbobobbboobobobbbbbog Join
Procedure 0000000, 00000000 PPL Extraction00000000O0O0OOOO

oo0o0oO0.0000000ooOO0O00OoeOOOOOODOOODOOO.

simu_init_sourcenode(), simu_init_recipientnode() 0 O O, Source Node, Recipient
NodeODOODOOOOOOOOOO. simurecv()d lesend ) 00000000000 OOO
000000 0. evaluate_joinprocedure() 0 00O, 000 O Join Procedure 0 0 00 00O
0000000000000 O0000. evaluate_joinprocedure() D 0000000000
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nodeid_t simu_nodeid_alloc(void);

struct sourcenode *simu_init_sourcenode(void);

struct recipientnode *simu_init_recipientnode(struct sourcenode *snp, layer_t layer);

void simu_recv(struct msg *msgdata, struct nodeinfo *peer);

struct timeval evaluate_joinprocedure(struct sourcenode *snp, struct msg *msgdata, layer_t layer);

068 d0000000onoO

nodeid: 1 (O depth, 10 layer, 3 children)
nodeid: 2 (1 depth, 8 layer, 3 children)
nodeid: 5 (2 depth, 8 layer, 3 children)
nodeid: 13 (3 depth, 3 layer, O children)
nodeid: 14 (3 depth, 6 layer, O children)
nodeid: 16 (3 depth, 3 layer, O children)
nodeid: 6 (2 depth, 7 layer, O children)
nodeid: 7 (2 depth, 7 layer, O children)
nodeid: 10 (1 depth, 9 layer, 1 children)
nodeid: 4 (2 depth, 1 layer, O children)
nodeid: 11 (1 depth, 10 layer, 2 children)
nodeid: 3 (2 depth, 6 layer, 3 children)
nodeid: 8 (2 depth, 2 layer, O children)
nodeid: 9 (2 depth, 5 layer, 0 children)
nodeid: 12 (3 depth, 2 layer, O children)
nodeid: 15 (2 depth, 10 layer, O children)

069 0000000000000O0

O00,00000000000000000 JoinProcedure0 000000 OOO0OOCODODO.
evaluate_joinprocedure() D 0 0000000000000 O0OOOOO,00000000
0000000000000 00000. 0000000 randomO000000. 00,000
0000 gettimeofday 0000, 00000000000 0O0O. evaluate_joinprocedure()
00000000000 000000D0000000d0o0oo0ooooooooooORIn
00o.

43



o7t OO0

7.1 O0ogogd

O000,LOLCASTO 200 000000000000 0D0ODOO0O00000O00O0O0O0
goOo0.bo0boooobooboo,0bobooooboooobobooboobobD,0on
gobodog,oogooooooboooobbooooboooooooooooooooo. o
O,LOLCASTOOOODOOOOOOOOO0O0OOOOO0OOOOODOODOOOoODoDOD
gooo,booogoobobooboboo.

7.2 0OO4Od4d

O000000,f200000000000000000000 LOLCASTOOOODOOOO
O0000. OfID 00000, LOLCASTOOOOOOOUOOOODOOODDOOOOOOO,
goboobooooooobo,oboobobooobobooooooobobob. bobobooo
googogb,gobooboboboooooobbo,obob,gooooboooooa.

7.3 4QOoug

0000000,0000000000 Source NodeOOOOODOOODODOOOODDOO. O
0Od,000000bO0do0o000dddddboD 000D ooOoooLOooOooooDoOooaan
0000000000 DOOoODoObO. 00000000000 PPL ExtractionO OO0, 000
0ddoooobooooOooobooooo. 0oobooo0bo0oboOoooooooboooooa
Jdo0ddodoododoDooo. DoboDooDo0ooO0oooDooDooDoOoo0OooooOoOo
0000000000 bOO0DboO0ODOO0O0OObO. 00000000d O Join ProcedureO OO 0O
0000000 PPL ExtractionD OO O .

0710000
00O00/0000 LOLCAST |00000000000000000 |
0000000 00000 00000
000000000 0000000000000 00000000000000
00000000000 |000000000,000000 00000000 (HostCast)

44



070 00O 3. 0oong

000 O Join Procedure 0 PPL Extraction 0 000 0000000000000 BOOO
00000 LOLCASTOOOOODOOOOOOOUOOOoOOooDoooooooooo.

gobobooboooobobooooboooogoobobobobo.obooboboboobooo
gbbobdoobboooboboboboobooooboobbobobobooob. obbob,oaon
ooopbooobo,00bb00b0ob0Oonbd Join ProcedureD 0 OO0 O, 000000000
000 PPL Extraction0 0000000000 .0000000000O0OMIDOO. OO
U,-rdb0ooboooooooboogo,oboooobobbobbodboooooobooboon
gob.-r0goooboboboobogoooobbbbbooboooobbbooboon
gb.o0o00o0boo0oboooooobooogooon.

% ./lolcast -r 10

#nodenum joinprocedure pplextraction
1 93 20

2 63 12
3 29 12
4 239

5 48 9

6 25 10
7 26 9

8 24 9

9 48 10
1

0 35 18

N /

Orl.0000boooo

7.3.1 0000

gboooobbooooooooboobob.oob,000oboooooooboooboboo
Oo0DoOoOO0,000000000000D000000 Single User ModeO ODOODOO.

0720000
oooon Pentium III 1Ghz
Ooono 512MB
(O] NetBSD 1.6.2
oooon gee 2.95.3 (20010315)
0oo0ooooooag -03

7.3.2 0O0OOO
gbobobobooobod

OF200 10000000 000000000000 1000000000000O00 Join Pro-
cedure 0 0000000 ODO. 0300 10000000000000000000 10000
00000000 PPLExtraction0 00000 0OOCOO. ODDO,000000000000
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3. 0oong

O00000ooO. o3 1000000 00 Join Procedure, PPL Extraction 0 0 00O OO

goog.

U r3:0000000oobobooobobooboooo

000 O | Join Procedure (usec) | PPL Extraction (usec)
1000 75.211 39.284
2000 174.944 134.929
3000 355.41 311.035
4000 527.597 480.662
5000 692.782 643.399
6000 860.21 809.592
7000 1032.33 980.978
8000 1234.35 1180.21
9000 1468.23 1411.35
10000 1714.89 1654.12

ubooooood

O 000000 000000000000 10000000000000 Join Pro-
cedure 0 00000000 O0. OO0 0O 10000000 000000000000 100000
000000000 PPL Extraction0 0 O0O00O0000ODO. OO0,000000000000
dooooooooOooood. 040 1000000 00 Join Procedure, PPL Extraction O O

gooboooood.

074 0000000000000000D0000ODO

000 O | Join Procedure (usec) | PPL Extraction (usec)
1000 73.134 37.76
2000 146.678 108.842
3000 304.653 262.234
4000 475.288 430.582
5000 618.879 573.492
6000 770.426 722.807
7000 920.903 870.902
8000 1078.18 1026.74
9000 1254.48 1200.84
10000 1443.25 1386.22
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7.4 0O4Oodd

LOLCASTOOOOOOO0OOO0O0OOoDOO0ODOODOOO0O00.0oooooboooooo
OO0 s50000000000000000,00400000 0.6msecd 00 Join Procedure d O
ooooo.go,wo00000000b0Ob0O0Db0ODO0O0 2msecdd Join Procedure
gboooooboo,boogboobbobooooboboobobobobboboobobon
O0O. 00 PPLOODOO Join Procedure 0 00 OD0O0ODOOCOODOODOOOOOODOOO
O00.00000000,LOLCASTOO00O0ODOOO,000bD0o0o00oooooogo
gbooooogo.
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2500 T T T T T T T T T

2000

1500

1000

Time elapsed (usec)

500

- i i i i i i i i
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Number of nodes

0 7.2: Join Procedure 0 OO O (10,000 nodes / Fixed layer / Skip List)
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gooobo,0oboboboboobobooobbobobbooobbboobobboooboboon
000000 LOLCASTOOOOO. LOLCASTOOOOOOOOOOOOOoOoooooo
gboooboboobbooboobboobooobobo. bbobobooboooooboooboooon
00000dOoooD,0b0000D00O0000bo0o0gooOo.ooog0, LOLCASTOD OO
oLMOOOO0OOO,0000ooobobo0ooooooboobooobooboobobo.

82 [OOOMO

8.2.1 PPL ExtractionOOOOO

MOO0O000000, Join Procedure 0000000000000 PPL Extraction 0 OO
gooooobOooO,00000oo0obOo0obooooooboOobUooobooDoooOobL. Oooo
0 Temporary PPL Extraction U000 OO0 00000000 0OOOO0ODOOO0OODODOO
0,000000.00000000000000000DOCDODOOODODODOOODO O(nOO
O(logn)D00D00ODOO0O,0000000000OCOOOO.
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O0000000o0o00oooo00oooooooooooooooooooooooono
0000000000000 0000000000ooDo0ooOo00ooODooooooooog
o0ooooooooood

OO0o0000ooo0oooDoo0o0o0o00ooooooooooDoo0ooDD 0ooo
0,0000000000000.0000000000D000000000,0000000
O000. 000000000, 000000,00000000000,0000000000
000000 0oooo,00o0o00oo0ooo0o, 00000, 0000,00000,0
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00000000, 00000000000000000000000000000. Tidy
Trax, Untidy Trax, ACO, Clammbon, Honda Lady, YMCK, Rainstick Orchestra, Laurent
Garnier, X-Dream, Hixxy, Kurli, Four Tet, London Elektricity, Massive Attack, Parasence,
Infected Mushroom, Radio Head, Bjork, Royksopp, David Lewston, Scion, Shpongle, Suitei
Shyoujyo, DJ Q'Hey, DJ Shinkawa, DJ Hoekzema, DJ Uraken, Every Little Thing, Mr.Children,
DJ Die, DJ Marix, Lalgudi G. Jayaraman, Ustad Amjadali Khan, Untidy DJ’s, Tidy Boys,
Perpetual Motion, 1200mics, Sorma, Kindzadza, Psyside, DJ Now!, Aoa, Kojima Mayumi,
Eminem, Scott Brown, Juno Reactor, UA, Pinback, Zobra, Raja Ram, etc.
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