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struct MNSEntry{
MNSVNIType MNSVNIAddress; // VNI’'s IP address
MNSKeyType MNSKey; // MNS-key
MNSIdType MNSId; // MNSID

i
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#include <sys/ioctl.h>

#include <sys/socket.h>

#include <string.h>

#include "vnic.h"

#include <linux/if.h>

#include <linux/if ether.h>
a

int sk;

struct if req ifr;

// Create raw socket
sk = socket (PF_PACKET, SOCK RAW, htons (ETH P IP));

// Specify a kind of interface handled by ’‘ioctl’
strncpy (ifr.ifr name, "vni", IFNAMSIZ) ;

// Name the interface

ifr.ifr data = "vnil";

// Call ’dioctl’
ioctl (sock, VNIC ADDDEVICE, &ifr);
0

021300000000 000000000O0DOD00DODODO0O0ODODOO
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struct mns_opt

_u32 mnsid[5]; // MNSID

__u32 seckeyl[5]; // Key

_u32 wvniaddr[1] ; // VNI’'s IP address

char vni [IFNAMSIZ]; // Network interface name

Vi
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0210000000

Message Payload Src. Dst. Description
LOGIN f\uﬁargczttlg? Info. Manager | Server Login request
LOGIN_OK MNSID, Key Server Manager | Login success (LOGIN response)
LOGIN_FAIL Server Manager | Login failure (LOGIN response)
LOGOUT Manager | Server Logout request
LOGOUT_OK Server Manager | (LOGOUT response)
KEYCHANGE Key, Expiration date | Server Manager | Key change
KEYCHANGE_OK Manager | Server (KEY CHANGE response)

0000000000000 0O00000O000000000O00D0O0O0000 HashO
Ox1O0 Encrypt0 OxXOO OO OOOOO

0000 2150000000 MTUOUOOOO0O0OO0OO0OO0O0OO0O00O00O0O MNS
00000000000 0O0o0O0D0oMNSOOOOOOoOOooooooMTU1s00000
0oo0oooooooo 9% loooooooMTUDOOOOOoDOoooooooood
MNSIDODOOOOODODOOOOODOOD0OO 8% (00000000000 0oboooo
O00000o0o0ooOooooooooo

000000 VNIOOODODOOOOOoooooOoOo 21600 2170000 OO0
WindowsO OO OODOOOO0O0OD0000000000 LinukOOO0O netstat 00000
000000000000 WebhOOOO WebOOOOODOOOHTTPOOOOOOOOO
O00O000o0oOovNlOOOOOooooool00010000O0O0OOOOOOOOO
0000000000000 O0OWebhOOOOOO WebOOOOOOOODOO

OO00OLinuxOOOO ifeonfigD 0 0000000000000 OODOOOOOOOO
000000 21800000000 1000000000 VNIODOODODDOOODOOOO
00000000 219000000000000 MNSOOOOOoOOOOoO

25 MyNetSpace0 0000000

251 00000000 MyNetSpaced 00O

goooooooOO MNSOODOOOOOOooooooooooboooooooooo
oooobooooooooobooooboooooboooooooooDooboOoMNSOOOnOo
boboooooooooooooooooooooooooooobooobooooooag
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25. MyNetSpace D 0000000

100

Throughput [Mbps]

—e— w/0 MNS Analyzer

—=—w/ MNS Analyzer

50 :
0 500 1000 1500
MTU size [Byte]

0215 MNSOOOOOOOOOOOOMTUOOOOOOOOOOOO

Bnalyze Statistics  Help \

No..|T\me |Suurce ‘ Destination |Prolocu\ |Inlo
14 9.2868% 10.0.0.1 133.11.236.20 TCP 10467 > http [SYN] Seg=
15 9.28734 133.11.236.20 10.0.0.1 TCP http » 10467 [SYN, ACK]
16 9.28737 10.0.0.1 133.11.236.20 TCP 10467 > http [ACK] Seg=|x
(K1l | k]

> Frame 21 (62 hbytes on wire, 62 bytes captured)

I» Ethernet II, Src: 00:07:e9:0e:4d:7a, Dst: 00:07:e%:0e:4e:3b

[ Internet Protocol, src addre: 10.0.0.1 (10.0.0.1), Dst addr: 133.11.236.2
> Transmission Control Protocol, Src Port: 10334 (10334), Dst Port: http ¢

[EX] | |

[Web Server T -

—-pture  fnalyze  Statistice  Help

Mo [Time |Souce [ Destination [ Frotocal [ nfo

11 3.45616 133.91.236.10 10.0.0.1 TP 10487 > hitp [5vN] Seq=
12 3.48632 10,0.0.1 133,11.236.10 TCP  http » 10467 [SYN, ACK]

| 13 3.48657 133.11.236.10 10.0.0.1 TP 10487 » http [Ack] Seq=|w

| I o

[> Frame 18 (62 bytes on wire, 62 hytes captured)

b Ethernet II, src: 00:07:e09:0e:4d:7a, Dst: Q0:07:e9:0e:4e:3h

I> Internet Protocol, Src Addr: 133.11.236.10 (133.11.236.10), Dbst Addr: 1(
P Transmission Control Protocol, Src Port: 10334 (10334), Dst Port: http

1] | O]

02le000000000000000000000O0O0OWindowsO O
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Web Browser ssm ~waw

every as: necstar tTe T Sun Jul 24 17:01:19 2005 j

i)
Proto -0 -0
tep Q 0 *:sunrpc LISTEN
tep ] O *:auth LISTEN
tep -] © lecalhost . local doma: 757 LISTEN
tcp o 0 *issh LISTEN
tep o Q *ismtp LISTEN
tep o Q *:767 f LISTEN
tep ] Q 192.168,16.209:535h 192.168.16.62: 2646 ESTABLISHED
tep o 0 192.168,16.209: 32862 192.168.16.207:35h ESTABLISHED
tcp 4] 0 10.0.0.1:32910 192,168.16. 207 1w TIME WAIT
s@mnsdoblan2: fhome/mns - OX
Web Server w ss@ ~nzw
Every 1s: netstst -ta Sun Jul 24 17:00:22 2005/
Active Internet connections (servers and established)
Proto Recv+Q Send-0 Local Address Foreign Address State
tcp o 0 *:32768 e LISTEN
tep o 0 *:sunrpc LISTEN
tep o 0 10.0.0.1:www LISTEN
tep o 0 *:auth LISTEN
tep 0 0 localhost .localdosa: 821 LISTEN
tep [+] 0 *:ssh LISTEN
tep ] -] Bp LISTEN
tep [} 0 localhaost .localdom:satp LISTEN
tcp [} G *:831 e LISTEN
tep 0 0 192,168,16.207: 5sh 192.168.16. 209: 32062 ESTABLISHED
tep (] 016 10.0.0.1 :www 192.168.16. 209: 32910 ESTABLISHED
tep L} U 10,00, 1w 192, 168,16, 209; 32909 TIME_WAIT

0217 netstat 000 0000000000000 0OOLInuxOO

a GNOME ¥ -OX
7 A(E) REE) F#R(\) #ERD 570 AT

vnil Vo FEma—hbn—Fiiy s
inet? Kb 2:10.0.0.1¥ A # :255.0.0.0
UP LOOPBACK RUNNING MTU:16435 Metric:l
RX packets:@ errors:0 dropped:0 overruns:0 frame:0
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0
& 32 (Collisions):0 TX¥ 2 —&:0
RX bytes:0 (0.0 b) TX bytes:0 (0.0 b)

wniz Yoo hEa—hhn—Fiiy s
inet”? K b 2:10.0.0.2¥ A ¥ :255.0.0.0
UP LOOPBACK RUNNING MTU:16435 Metric:1l
RX packets:0 errors:0 dropped:0 overruns:0 frame:0
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0
& 3 (Collisions):0 TX¥ 2 — &K :0
RX bytes:0 (0.0 b) TX bytes:0 (0.0 b)

vni3 Vo hEa—ALb—FnRy s
inet? Kb 2:10.0.0.3%¥ A # :255.0.0.0
UP LOOPBACK RUNNING MTU:18435 Metric:l
RX packets:0 errors:0 dropped:0 overruns:0 frame:0
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0
& 3= (Collisions):0 TX¥ 2 —&K:0
RX bytes:0 (0.0 b] TX bytes:0 (0.0 b)

0218 00000000000000000000000O0O0OOOOLinuxO0
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25. MyNetSpace D 0000000

a GNOME ik =
7 AME) REE) TRV HFT SI0 ~AnIH)
mnsdebian: ~# mnsconf
IP addr 10.0.0.3
mnsid 0. 601. 58. 30970. 16655
key aaaaa. bbbbb. ccccc.  ddddd. 3
IP addr 10.0.0.2
mnsid 0. 8357. 27825. 10572, 15241
key aaaaa. bbbbb. ccccc.  ddddd. 2
IP addr 10.0.0.1
mnsid 0. 33a8b6.134ce5%. 620f177.72dd6539
key aaaa. bbbb . ceee. dddd. eeee
mnsdebian:~# []

0 219: 0000 MyNetSpaceO 0 O O Linux O O

| Active REID(128bI) | 5 oo iansinfoul
7

\\ 1. Get MNSInfo-ID I 5 Get MNSInfo

4 Regist. User-I Regist. User-ID 5. Notify MNSInfo, User-ID
MyNetSpace
rinting

Music
Download

7. Request to log-in
8. Send User-ID ‘

6. Request to log-in
Service

9. Use services

0220:0000000000000000 MyNetSpaceO OO DO0O

gbobooooboooobooobooboobbooboooobooboooboobooobooboooog
bobooboooboobboooobooooooboooboooboobobooooooog
goooooooboOoooooooooooooooooooooOo MNSOOooooo
oboboooooooooobobOoobOoboooooooboooooboobooobooooog
O00DoO00ooo0o0oDOoO00ooO00o0oobo00bDoOoooDbO0O0b0O00 MNS
oO0ooooooOdMNSOOOODOOoOooopDoooooooooooooooooo
ooooooooOooooooOoMNSOOOODOOoOooooooooooooboooo
OO0oooDoOoO0oO0booO0MNSOODODOOOooooooooooobooooooboooooo
gboboobooboooobobooboobooooboooon
oo0dgd2200000000000000000000000000RADOOOOO
oboooooooooobooobooobooooooboooboboobboooooooooo
oooooobooooooooboooooobobboooooooobDoob0D RADOOOO
ooooooboooboooooooooobooboooooooooooobooooo
oooboooboooboooboooboobooboobooooooboobobooooo
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25. MyNetSpace D 0000000

| Active RFID(128bit)
| RFID Transmitter g\\ v

Controller 1. Get MNSInfo-ID Cellular
2. Search MNSInfo-ID Phone
MyNetSpace 3. Get MNSInfo t
- = = ” nternet
4. Regist. User-:[D

5. Notify MNSInfo,
User-1D
Giiequest to log-in

:7771/
\r_,@t % MNS Proxy |-

Server | Server )
T 7. Log-in

8. Use services

Services

User's PC

0 221: 00 MyNetSpaceOJ O OO OOOO0O

MNSOOOODO RADOOOODOOODOOODOOOODODOOODOOODOOOOO
ooboooboooobooooboooboooboooboobooboobooobooobooo
ooooooMNSOOOoooooooooooooooooooooooboooo
gboboooooooobobooboobooboooooobooooooooooooooag
goooo

252 0000

OO00oooo0oOooopo 222000000000 00000000DOOO0O 22200
OO KDDIOOOOOOO RADOODOOOOODOOOD [321000000MNSOCOOO
ooooooOooO0OoO0oRADODOOOOOOODOOOOOODODOODOOOOO
ooooooooooooOoOoOoOOObObOOoOoOoomwrPoooobDOOObOODbDDODOO
gooooooooooo I Pobb0oboooobobooboooobboobooboOoDbo
obooooooboooooboobobooobobooooobooooooboooooon

RFDOOOOOOOOOOODODCOMOOOOOOOOOOOOOoOooDOOoDoOOoon
000000000000 00000001280000000000 RRIDOO MNSInfo
0000000000000 MNSInfo-iIDOOOODOOOOMNSInfoOO MNSOOOO
Oooo0oO0ooOooooOoOoMNSOODDOOOOOODODO MNSOOOoOoooooooo
OO000O00010000000000 1600000 MNSInfo-IDOOOOOO1000
OO0ooooooOoMNSOODOOOooOOoooooooooooooo RRDOOOO
obooooooooooooon
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26. ODOOO

Active RFID
Reader

0222:.00000000000000000RADOODOOO

00000000000000000000000000000000000000
IDO0OO ()ODODO00000 MNSOOOOOOODO000O0000000000000
000000000000 (0000000000 MNSInfo-ID O MNSInfoO 0000
0OXMLOOOOOOOOOO00O0O00000000000000000000000
00 MNSInfoD 000000000000 (00000 Use-iDOOOOOOOOO
00 MNSOOODOOOOO (40000 MNSInfod Use-IDOO0O0O0D0O000 (500
000000000 (IO000000000000 MNSOOO0O0O0O000000O
00000000 (7OO00O0O0 MNSOOOOOOO000000000 (8)0
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oooooboooooooooboooooooooooobooooooooobooobooOooo
O“POO0O0OO0OO0000“00000C000O0O0OO0ODOOOOALM: Application-
level MulticastD” OO OO0 0OO00O00IPODOOOOOOODOODOOOODOOOODOO
poooooooooOoo0o0o0ooogoooooooooooooooowrPDOOOD
gbooooooooboobobooobooooooooboooboobooooooonog
gboooboobobooobooooboooboobooboooobooobooboooo
000000o0obO0000ooooODoD0o0oooooooOD Wuoooooooo
ooorooooooOobooooooooooooooobobooogooooooooo
boboooboooboobooboobooooooobooooooooooooooog
ooooooooboo

oooooogoooooooooocpub0DOOoooDbOOoooOoooooDoobooo
O000O00DO00obO00DOoO0o0oO0ooDbO00DDOnP2P: Peer-to-Peerd O
0000000000000 0O00O00O00o0o0oD [M4oPPO00OOOOOOOOO
ooobooboooboobooobooooboooooobobooooobobooboboDo
oooooooooooooooooooooooooooo ALMOODODOOOOO
O [15,35-39]0ALMOO0O00O00O0O0O000O00O0O00OOOO0O00OOO0OoOoDOOO
goooooooobooobboobooobobooobooooooooboooboooobooo
ooooooooooooooooboooooooooooooooooDooon PPO
gbooooobooooboobooooboobooon

oooooALMOODOOOOOoooooooALMOOOODDOODOOODOOOO
000000000 [4o-00000000000000000D000OOO00ODOO0
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goobooobobobooobodboooobobooboobobooboboooboooo
0oooooooooboooDo AALMOOODODOO0OO00ODOOoDoDoooOooDooooog
goobooo0oobooOoooooo0ooobobooooooooobo ALMODOOOOO
goooooboboboooooboooboobobobobDobooobobobnooo
goooooboboobooobobobooooooboboooobobobooo
gogobbooobbooobbooobbooobbooouboboboobnbbooobo
good
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000000000000 000000RelayCast DD D00 OO0O0OOO0 ALMOOO
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gogobodoodooobboooubbbbooooub bbb bbooob b
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gobobooobooobuoobooboobooboobooooooooo “obooo
o"0o0o0dodb0 ALMOOODOODOODOODOODOOODOOODOODOOOOODO
O0000000000000D0D0O0000ENd System MulticastD ESMO [35] 0 0 0O O
Joo0oobboo00o0o0ob00o00o0oooDDbObO000U NARADADDDDODOOGOOoO
00000ooo0000Doooo0o0o0ooooooonn shortest widest pathD 0 0 0O
0000000000000 00000000000 Scattercast [36) DO ODOOOOO
goodoobbbbbooooooobbobbbodooooubbbbboooogg
O DVMRPO distance vector multicast routing protocol0 [51] O 0 00000000000
ooboobooobooobooboobobobon

goboooooobOoOo “Ocooobooo"0oboooboOoobobooobooobboooDbo
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0000000 shortestwidestpathD 0 OO 00000000000 0OOOOOOOOO
O0000000IETFRMT WG Reliable Multicast Transport Working Group [52] O O
0000000000000 00000000000D0000000000 /31000
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RTT4<RTT:
<RTT3< RTT:2

Logical link
-------- Physical link 3 RTT: Round Trip Time
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Logical link Data flow
-------- Physical link
(a) Logical data flow. (b) Physical data flow.
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o31rfdooo0oooooooooooooooooo

Component Applied situation
Optimization | Delay To guarantee delay
Metric Bandwidth To guarantee bandwidth

Delay and bandwidth | To guarantee delay and bandwidth

Topology Full flat Resources of end-hosts are nearly equal

Hierarchical Rresources of end-hosts are unequal

or Group isrelatively large
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Component Applied situation
DVMRP A few source end-hosts
PIM-SM/CBT Many source end-hosts
Multi-path routing protocol Continuous communication
Shortest widest path algorithm | Bandwidth guarantee and delay guarantee
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/** Control message header */

struct rcast msg hdr {

unsigned int sessionlID; // Multicast session identifier
unsigned int srclID; // Host identifier of message sender
unsigned short msg; // Control message number

unsigned short segNum; // Sequence number

bi

/** Application data header */
struct rcast dat hdr {

unsigned int sessionID; // Multicast session identifier
unsigned int srclD; // Source host identifier
unsigned short segNum; // Sequence number

unsigned short chnl; // Channel number
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/** Session information **/

struct session_info {

int version; // Version number of RelayCast
unsigned int sessionID; // Multicast session identifier
unsigned int ownerID; // Host identifier of session owner
int numSender; // The number of senders

// (if Oxffffffff, all hosts are senders)
id list* sendersID; // Host identifiers of permitted senders
short numChnl ; // The number of channels
short cmpMetric; // Optimization metric components (RTT|BW)
short cmpTopology; // Overlay topology components (FLAT|HIER)
short cmpRouting; // Multicast Routing components

// (DVMRP|PIMSM|MP |SWP)
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Application ¢ -- 9 ité - - Application
I Data I
RelayCast «------- -+ RelayCast
(local proxy) ¢ - = = = = = = - (local proxy)
I Control Message +
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[}

% > rcast -1 [IP address list] -f [configuration filel]

[}

% > vic localhost/[middleware port]
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/** class McastTree **/

unsigned short SendMsg(unsigned int dst id, char *data, size t dlen);
unsigned short RecvMsg(unsigned int *snd id, char *data, size t *dlen);
ssize t SendDat (unsigned int dst id, char *data, size t dlen);

ssize t RecvDat (unsigned int *fwd id, char *data);

HostInfo* GetCnnHostInfo (int cnn host num) ;

/** class LogicNet **/

unsigned short SendMsg(unsigned int dst id, char *data, size t dlen);
unsigned short RecvMsg(unsigned int *snd id, char *data, size t *dlen);
ssize t SendDat (unsigned int dst id, char *data, size t dlen);

ssize t RecvDat (unsigned int *fwd id, char *data);

HostInfo* GetHostInfo (unsigned int id) ;

int PutHostInfo (unsigned int id, HostInfo *hinfo);

int EstimateStart (unsigned int id, MetricInfo *minfo);

/** class MetricEstimator **/

int Estimate(in_addr ip, MetricInfo *minfo, char opt);

/** class P2PCom **/

ssize t SendMsg(sockaddr in *addr, char *buf, size t len);
ssize t RecvMsg(sockaddr in *addr, char *buf) ;

ssize_t SendDat (sockaddr in *addr, char *buf, size t len);

ssize t RecvDat (sockaddr in *addr, char *buf) ;

/** classHostList **/
// not defined.

O3700000000000D00O0000DODO0O00DO

/** API *%*/

rcast manager id CreateRCastManager (FILE *iplist, FILE *config);
bool JoinGroup (rcast manager id rcmngr id) ;

bool LeaveGroup (rcast_manager id rcmngr_ id) ;

ssize t SendDat (rcast manager id rcmngr id, char *data, int dlen);

ssize t RecvDat (rcast manager id rcmngr id, char *data);

0380000 APOOODO
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send data to eceive data from make optimize
Application Application multicast tree overlay network

----------------- class
——————————————— McastTree

RoutlngInfo* RoutingTab.Find() | (int Mngransaction())
A Vv

( i void MakeTree() )
A

v
ssize_t Rechat()| |ssize_t SendDat()| | int RecvMsg() || int SendMsg() |

class
LogicNet —>( int Mngransaction())

( void Optimize() )
A

|ssize_t Rechat()| |ssize_t SendDat()| | int RecvMsg() || int SendMsg() |
v

receive data from send data to feceive ctrl-msg from™~y"send ctrl-msg to
other end-hosts other end-hos other end-hosts other end-host

[ ] Interface between functional units <——— Process flow

r 1 Common method " Event

() Modified method for each component
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034 00000000000DOO00OO0DOOOOODO

Total 4523 lines
Basic Framework 3656 lines
Full-flat topology 97 lines
Delay Metric *347 lines
DVMRP 131 lines
Multi-path Routing Protocol 292 lines

(*including the RTT measurement method

in the MetricEstimator unit.)
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