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Outline

Introduction and Motivation
* Scope of the project
* Implementation details of Gnutella node
-Ping, pong, query, query hit.
” Scenarios and Simulation results
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What 1S P2P'?

Is a technology which “enables any network-
aware device to provide services to another

network-aware device”

e A peerin P2P network acts as both a client

-and a server in traditional client/server
rchitecture
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What is P2P? S

Not p2p
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Why PZP?

» Harness lots of spare capacity
— 1 Big Fast Server: 1Gbit/s, S10k/month++
— 2,000 cable modems: 1Gbit/s, S ??

— 1 000 000 end hosts: Uh wow

» Build self-managing systems that deal with huge
scale

~ —Same techniques attractive for both
f";"" companies /servers / P2P

& 'n\} E.g., Akama| s 14,000 nodes
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Overwew of related work

P2P file-sharing

» Quickly grown in popularity

1. Dozens or hundreds of file sharing
applications

- 2. 35 million American adults use P2P networks
/ 29% of all Internet users in US!
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Gnutella:

» In 2000, J. Frankel and T. Pepper from Nullsoft
released Gnutella

» Soon many other clients: Bearshare Bearshare,
- Morpheus, LimeWire, etc.

@f{n 2001, many protocol enhancements
\\(‘T}‘Kgn&ldmg ‘ultrapeers”
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Scope of the prOJect

Establish the Gnutella node to simulate the
behaviours of ping, pong, query and query hit.

1. build packet format, process model and
node model.
- 2.Dbycombining above three, we build
Gnutella node.
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Scope of the project

: .-
. -

* Simulations in different topologies
Hexagon, Tree, Line,etc.




Implementation details of Gnutella node

* How ping and pong work
* How query and query hit work

 Packet format
* Node model

’ Process model

- » Algorithm in Proc state
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* How ping and pong work "'
* How query and query hit work

e Packet format

‘ Node model
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How Ping and Pong work

.....

Ping

w:i Hop=—0 7
4




N’ing
TTL=4, Hop=1
1 - > 4

Ping
TTL=4, Hop=—1

5

“Gnutella Network Robustness,” ensc.sfu.ca, report.
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How Ping and Pong work

Pong(4) : 7
1 TTL=6 Hops =0 4 Fing
< TTL=3 Hops—2
»

Pong(3 :
TTI.:Eg](luL -0 Ping

| TIL=3 Hop=2 >

3 \
Ping ~._

ITL=3 Hop=—2 &

5

“Gnutella Network Robustness,” ensc.sfu.ca, report.
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How Ping and Pong work
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TTL=7 Hop=—0

RTTLZE Hop=—1 7
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Pong(3)™2 Pong(b)

TTL=5 Hop=—1

TTL=7 Hop=0
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How is pong routed

®Pong(7) will reach node(1) along the reversed direct
ping which is sent by node 1 and flooded by other nodes.

®This routing rule also applies to QueryHit. Query Hit will
reach the source node of Query along the reversed
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How ping and pong wo

.....

Ping

w:i Hops—0 7
4

Wu, “Gnutella Network Robustness,” ensc.sfu.ca, report.
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How ping and pong wo
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Ping
TITL=4, Hops=1 4
—_—

2
Ping
ITL=4, Hops=1

5
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How ping and pong work

7
) 4 A;.
: TITL=3 Hops=2
Ping ™S\

ITL=3 Hops=2 9
3 \

ITL=3 Hops=2 &

—

Su and K.Wu, “Gnutella Network Robustness,” ensc.sfu.ca, report.
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Pong (T)
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How ping and pong wor
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Pong (T)
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* How ping and pong work "'
* How query and query hit work

e Packet format

‘ Node model
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How Query, Query Hit worl
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How Query, Query Hit work
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How Query, Query Hit work
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How is QueryHit routed

®Pong(7) will reach node(1) along the reversed d|rect|§n of
ping which is sent by node 1 and flooded by other nodes.

®This routing rule also applies to QueryHit. QueryHit(7) will
~reach node 1 along the reversed direction of Query which is
ey sent by node 1 and flooded by other nodes.
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How Query, Query Hit wo
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QueryHit 7

3
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Implementation details of Gnutella node

e Our Gnutella node can implement ping,_kpi)ng,
query and query hit correctly.
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How ping and pong work
* How query and query hit work

 Packet format

.* Node model
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Packet format

packet_id Payload
(32 hits) Descriptar
TTL (4 bits)
(32 hits)
Hops search
(32 hbits) (4 bits)
hiode_id
(32 hits)
dest_addr
(32 hits)
sender_node_id
(32 hits)

- @ Payload Descriptor: used to indicate packet type.
ping 1, pong 2, query 4, query hit 8.

N ® TTL, Hops: control the total traffic.
MY

4

e g DeSt;addr: used for pong and queryhit routing.
- e >
) AR N N :
. rch: the content to be searched, used in Query.
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How ping and pong work
* How query and query hit work

e Packet format

~* Node model




Node model
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* Src: send ping every
second(ping source).

*Proc: manipulate every received
packet (packet processor).

*Rcv: receivers.

Xmt: transmitters.
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How ping and pong work
* How query and query hit work

e Packet format

.* Node model




* If the packet received is from src,
then
Assign proper value to each field
Copy this packet 5 times
Send these packets through xmt(0:6)
Go back to idle

* If the packet is from one of six rcvs
then
Processing the packet according to a
specific algorithm.
Go back to idle

(SRc m:vm‘.}ftransm.t stc_pk()

4
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 How ping and pong work
* How query and query hit work

e Packet format

‘ Node model
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* |f the packet is ping
check if it is a duplicated ping.
if yes-> destroy ping.
if not-> 1. save this new ping to cache

2. generate pong and send it back

- 3. if ttl >0
_ forward ping to other 5 xmts.
else destroy ping.
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Algorlthm in proc state

e If the packet is pong
check if it is a duplicated pong.
if yes-> 1. destroy pong.
if not-> 2. save this new pong to cache
3. check if it is due to the ping generated by this node.
if yes-> destroy pong. Generate and send query
if not-> 1. decode dest_addr to get the tranmitter#

where the pong will be forwarded.
2. update dest_addr.
3. forward pong through that xmt.
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Algorithm in proc state

* If the packet is query .
check if it is a duplicated query. ‘
if yes-> destroy query.
if not-> 1. save this new query to cache.
2. check whether the node’s data pool has the desired data.
if yes-> Generate and send query hit back.
if not-> check if ttI>0
o, if yes-> 1. update TTL and Hops fields in the packet.

2. copy this packet four times.

3. forward these five query packets.
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Algorithm in proc state

e If the packet is query hit -
check whether it is due to the query generated by this node. ,"’

if yes-> 1. destroy this packet.
if not-> 1. decode dest_addr to get the tranmitter#
where the query hit will be forwarded.
2. update dest_addr.
3. forward query hit through that xmt.
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/+ Process model G forn file: li testgnute]la node_proc pr.c +/
/* Portions of this file copyright 1992-2007 by OPNET Technologies, Inc. */

/* This variahle carries the header into the object file #/
const char liu testgnutella node proc:pr c [] = "MIL 3 Tfile Hdr 1404 30& opnet 7 4BC276F3 4BG2T6F3 1 cepheus yladl 0 0 none
#include ¢string hs

/* OPNET system definitions */
#include <opnet.h>

/* Header Block */

#include <math, hy
/*packet strean definition*/

stc an 0
revl in 1
g revl in 2
revd in 3
e rovd_in 4
g revd_in §
e rovh_in b
rean
xmt0_out 0
e xmtl_out 1
o

#define Query 4
#define Query hit 8

//TIL init
#define TTL_INIT §

//ping pong cache size
#define CACHE SIZE 1000
//data cache size
#define DATA CACHE 1

//fpacket size
#define PK_SIZE 200,
//define cache structure
typedef struct

{

int packet_id;
/fint TTL;
int Hops;

int node_id;
int dest_addr;

int Payload_des;
int search;

File Edit OQptions

o

5e reln]

128
123
130
121
132
122
134
135
128
137
138
139
140
141
142
143
144
145
146
147
148
143
150
151
162
152
154
155
156

pong_o_pk_id=op pk id{pong_pkptr);

Afop pk_total size_set {pong pkptr, BE_SIZE);
op_plk_nfd_set pkid (pong pkptr, "packet_id", pong_o_pk_id);

op_prg_odh_bkpt {"1");

op_pk_nfd_set_int3Z {pong pkptr, "Payload Descriptor', PONG)
op_pk_nfd_set_int32 (pong pkptr, "TTL", TTL_INIT); //TTL=HOBS+1
op_pk_nfd_set int32 (pang pkptr, "Hops", 0);

op_pk_nfd_set int32 (pong_pkptr, "node_id", node_id);/dnode_ohiid); /0007
op_pk_nfd_set pkid (pong pkptr, "pong gh parentID', o_pk_id);

op_prg_odh_hkpt ("2"};

op_pk_nfd_set_int32 (pong_pkptr, "dest_addr”, dest_addr) ; /#-—-—-—---———————-- *
op_pk_nfd_set int32 (pong_pkptr, "search", 0);:

A/reply ping hy using pong
if (input_rev_rm==rcvl_in)
{op_pk_send (pong_pkptr, /mt0_out) ; }
else if (input_rcw_num==rcel_in)
{op_pk_send (pnnqjkptr smtl_out) ;)
else if (input_rcw_num==rcwZ_in)
{op_pk_send (ponqjkptr Amt2_out) ;)
else if (input_rocw_num==rcvd_in)
{op_pk_send (pungjkptr Amt3_out) ;)
else if (input_rcv_num==rcvd_in)
{op_pk_send (pung_pkptr Fmtd_out) ;b
else if (input_row_num==rewh_in)
{op_pk_send (pong_pkptr, ZntS_out) ;)
pk_pong_oute+;
pk_total out++;
Jfsave new pin
ping cache [ping ptr]. packet_id=(int)o_pk_id;
plng phre+;
if {ping phtr:=CACHE_SIEE)
{

ping ptr=0;

A/if ttl is ok, update ttl, hops and fwd ping
if (£tle0)
{

int new_dest_addr;
JAint input;
Sfinput=input_rev oo
new_dest_addr=dest addr*10+input rcv num;//dest addr+l+1+l+input ccv nuom;
op_pk_nfd_set_int3Z (pkptr, "dest addr’, new_dest_adde);
op_pk nfd_set int32 (pkptr, "TTL", £E1-1) ;
op_pk_nfd_set_int3Z(pkptr, "Hops", hops+1);
J/copy packet 4 tines
pkptr_l=op_pk_create_fumt("grutella simple_pk format);

op_pk_nfd_set_pkid (pkptr_1, "packet id". o_pk_id);
op_prg_odh_hbkpt ("3"};

op_pk_nfd_set_int3Z (pkptr_ 1, "Payload Descriptor®, PING);

op_pk nfd_set int32 (pkptr 1, "TTL", ttl-1);

op_pk_nfd_set_int32 (pkptr_1. "Hops", hops+l);

op_pk nfd_set int32 (pkptr 1, "nods 1d". node_id);//node ohjad) ;S50 5 0 A EFTAETAEE,
op_pl_nfd_set_int32 (pkptr_1, "dest_addc", mew_dest_addc): /77 7805 F1AFIESEE
op_pk nfd_set int3Z (pkptr 1, "search’, search);7/// /77077

op_pl_nfd_set_pkid (pkptr_L. "pong gh parentID", pong_gh parentID);

op_prg_odh_bkpt {"4");

pkptr_Z=op_pk_create_fat{"grutells simple pk_format");
op_pk_nfd_set pkid (pkpte_2, "packet id", o_pk_id);
op pk nfd set 1nt3Z (pkptr 2, "Pavload Descriptor, PING);
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Debugging mode of simulation

Simulation  Wiew

Sort by ® Names ._) Object or Process |Ds Consolel Modell Progress
=9 top [0} 2| 2|
+- op_pk nfd set int32 (pkptr, fd name, walue)
E@ node_1 {13 p_pk_nfd set pkp )
i 43 | packet ID (13
proc {43} | field name {dest_addr)
B rovD a4y | value (125)
EE rewl {503 | conpletion code ({success)
B reve (53) "
EE rewd {56} +- op_pk_nfd_set_int32 (pkptr, fd_name, walue)
B revd (59} | gac]fst hin) E ))
1 | 1e name TTL
B4 rovs (823 | el i3)
sre {42} | completion code (success)
5 xmitn (47 e
EE wmitl {653 +- op_pk nfd_set_int32 (pkptr. fd_name, walue)
 wmie (56} | Sackst 1D a3
" ami3 (713 | field n=me (Hops)
et (7} | value (2)
EE mts (77} l 7777777 conpletion code ({success)
=@ node_2 {2
¥ +- op_pk send (pkptr, outstrm_indesx)
. | packet ID (13
{4 rovo {953 | stream index (1)
B revt prom | event ID (182)
B vz (104} +ommmoms
B reva (107
e rewd {110} (ODE 14.0. &: Event)
e rovs {113}
sre {93} * Time : 1.390625 sec, [ls . 390ms 625us]
* Event : execution ID (161), schedule ID {#164), type i{stream intrpt)
EE #mid - {38) * Source :  execution ID (127), top.node 2. rowd [0bjid=107] (pt-pt receiwver) 1
EE wmtl {116} * TMata insten (Al nacket TROF1dY Fi
e itz {119) =
5 xmia (1223
Y 25 i 1) / | opB=| Mext Continue |
I |
Attributes I_Packetsl_ Events ] Packet Content ]_ODE Breakpoints ]_ODB Traces |
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e Basic P2P Topology type

* Every node have the
same configuration

* Every node generate its
own “PING”

 Failed node does not
effect function of other
nodes

. SO0 : = ‘ .
N — —— e e TN T S s T ; g2 ==

—— Lw[—-.-—.o&. WJL--..._L“-.‘-JL.‘ ———— - - ' .—‘L—s_—-' -.—._.aL__.-.—a[. _—L.....ah



Hexagon Topology Simulation Results

—|427_final_1_project—hexagon—DES—1: proc of node_(

—|427_final_1_project—hexagon—DES—1: proc of n

B pk ping i e
anmae NOde 0 report anoe  Node_O report
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40 average (in pk ghin} 0
35
30
25
20
15
10

—r. & vt

o
Om Os

Om 1S3

Om30s  Om4Ss  Im0s  Imi1Ss  Im30s  1m4Ss

5 / - 5
i —
Om Os Om 15s  Om 30s 0rn453 1mDs 1m15s 1m305 1m 45s |



VY LouT AL e vy Laus LR TN

v.i‘":}.‘l
sav node_ 1
S15°
- %
57
% «] — = 3
Vo K
node_5 22 mode=
S302 ~ Ao
node_4 node_3
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Duplicated Hexagon results

= 427 _final_1_project-daouble_hexangon—DES—1: proc of src
B average (in pk ping out)
W average (in pk-g own out)
O average (in pk ghin)
400
SRC_node results
360
340 .
- 1. Src ping out (blue)

a0 // 2. q_own_out (red)is the output

e I number of query that

240- // - response to pong come in, not

i - // include the forwarded query
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. 3. qh(green)is the input
@ // e » number of quarry hit
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Duplicated Hexagon results

Pong out put numbers Quarry hit out put numbers
—| 427 final_1_project—daouble_hexangon—DES—1: average (in pk pong out)
W Obiject: proc of node_2

—| 427_final_1_project-daouble_hexangon—DES—1: average (in pk gh out)

e by

e B Okect. pr of o9

O Obiect: prac of node_11 0O Obiject: pmcofnode 10

H Object: proc of node_12 O Ohiect: proc of node_11

o bk ) B Object: proc of hode_12
o average (in pk pong oul 4 :

b 70 average (in pk oh out)
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Quarry hit out means the # of
p— uired data are available
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Dupllcated Hexagon results

—|427_tinal _1 project—daouble hexangon—DES—1: average (in point—to—point.thrc

TR e D » Node 2 <-> node 3 (blue)
: are link with in a same
4 = sub net

2

B » Node 2<-> node 11(red)
3; L A
- E are the link connect two
]/
o] subnet together

» Expect higher throughput
for link connect two
subnet together
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> coincide with simulation
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* Single line connect for 8 nodes

“ Single SRC node in the beginning (only this node Ping out)

- °"5' ,fe_d to test TTL (Time-to-Live)
e - Two different TTL are simulated (5 vs 50)
' “ tyec no packets received or transmitted for node_7 when
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Line Topology simulation results

TTL=5 node_7 and node_6

M Object: proc of node 6

packet total out

TTL=50 node_7 | ...
W average (in pk ping in) ¥ /
-] average (in pk pong out)
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Tree Topology
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6-7 levels
depending on “"time to live"

*o e
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= ‘ a2 &= 1 » More realistic, more closer
' S S Q to open source file sharing

. = Sy network

/ "l've gOt e
P S — > Use to test successfulness

it : Y\; of Flooding search method

»Only top SRC node generate
PING packets

a

{level 2 mode 1 level 2 mode 2 =i

» 4 level setup with each
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Tree Topology Simulation Result'é

SCR_Node results

427 final_1_project—tree-DES-1: proc of scr
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Tree Topology Slmulatlon Results

427_ ﬂnal 1_project—tree-DES—1: average (in packet total out)

B Object: proc of | 1_node_1
B Ohiect: proc of Ievel_z node_2
Ohject: proc of lev noce _2
O Obiect: proc of |evel__4_

awerage (in packet total out)

"

» The pk_total_out records
the total number for all
types of packets output
form a single node

> Indicate the level traffic
for each node

» During 100s, only 100
ping packets goes out
from SRC node, but
results at least 600
packets output from each
node

P S0 | S | GOUNS | S | WY | Sus

-4[-—-...- L - -—-—-JL—-;-..- .-..oL..N u—JL- o —————e

s .,v-, —t _" Shrrere; -r,—d.. .";:‘.. ..,,_.._, w3 s ...., -
e

RUSUITEESSE | WIS AU | iy .......‘g _.......L._....L...._.._--.



Conclusion

* Gnutella is practical for small networks
with few requests

. * A larger network would generate far
~ more traffic per node than a smaller one,
making it inherently unscalable
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Future work

* Scalable solution
* Dynamic simulation
., Add Push descriptors in model
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