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Abstract In this paper, we present a distributed topology control algorithm for constructing an
optimized topology having a minimal search-time in unstructured peer—to-peer network. According to
the proposed algorithm, each node selects the best nodes having higher hit-ratio than other nodes as
many as the number being exponentially proportional to the hit-ratic of the node itself, and then it
connects to them. The ensemble behavior of the proposed algorithm is very similar to the
recrystrallizing phenomenon that is observed in nature. There is a partial order relationship among the
hit-ratios of most nodes of constructed topology. Therefore once query message visits a node, it has
a higher hit-ratio than the node that was visited last by the message. The query message even sent
from freeloader can escape to the node having high hit-ratio by one hop forwarding, and it never
revisits any freeloader again. Thus the search can be completed within a limited search time. We also
propose the Chain-reactive search scheme using the constructed topology. Such a controlled
multicasting reduces the query messages by 43 percent compared to that of the naive Gnutella using
broadcasting, while it saves the search time by 94 percent. The search success rate of the proposed
scheme is 99 percent.

Key words : Topology Control Protocol, Peer-to-peer Network, Recrystallization Topology, Search
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X.bootstrap(} // Bootstrapping

Regquire: Set knownServents = {}, float hit_ratio = 0.75, int maxDegree = C, - g -ratio
Set ConnectedPeersList, Set BlackPeersList, Set OpenSocketsList

Ensure: ConnectedPeersList.size < maxDegree

1: kmownServents «— BootServer.reg_request_ServentsList(X)

2: for each S; € knownServents do

3: if i € BlackPeersList then continue

4: end if

5: if S; € ConnectedPeersList then

6: update HitRatio of S; in ConnectedPeersList, OpenSocketsList,
with S; .HitRatio

7: else

8: X connects to S,

9: if'S; accepts X then

10; add S; to ConnectedPeersList, and OpenSocketsList

1u: end if

12: end if

13: X pruning_nodes_having_lesser_potential_energy()

14: if X is not bootserver and ConnectedPeersList.size < maxDegree then

15: Xbootstrap() // get more servent names

16: end if

17: end for

X.pruning_nodes_having_lesser_potential_energy(}

Regquire: int maxDegree = ¢, - e"hi-rate | cot ConmectedPeersList, List OpenSocketsList,
// Pruning the connection for neighbors who have lesser potentials for search

1: while OpenSocketsList > maxDegree do

2: X disconnects OpenSocketsList.lesserHitRatioPeer
3: remave lesserHitRatioPeer from OpenSocketsList and ConnectedPeersList
4: end while

BootServer.reg_request_ServentsList(X) //Registering X and requesting ServentLists

Regquire: FIFO knownServentsFIFOList= {}, Set AvailableServentsList, Int numberOfAllocatedServents
=0, int MaxNumberOfRequestedServents = k

1: kmownServertsFIFOList — knownServertsFIFOList + X

2: while (numberOfdllocatedServents < MaxNumberOfRequestedServents) do

2: if Y. TherelsAvaiableSocket() s.t. V'Y, EknownServentsFIFOList  then

3: AvailableServentsList «—  AvailableServentsList U {Y}
4: numberOfAllocatedServents ++

5 endif

6: end while

7. return AvailableServentsList
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X.send_Ping to_neighbors() //send ping mesg to neighbors periodically
Regquire: Int  numberOfsentSocket, Set OpenSocketsList, Set knownServentsList, int TTL =
C.- e—w~hil_rnlia

5

1: OpenSocketsList.send(pingMesg, TTL)

X.received_Ping_from_neighbors(Y, Mesg) //received ping mesg from neighbors

. . X it rati
Require: Set knownServentsList, int maxDegree = C, . g™ it ratio

1: if Mesg ID & seenDescIDList V'Y =X then

2: return

3: else

4: X.adaptive_forward_of ping()

S: TTL«— c¢,- e"Mi-r  yset the TTL of Pong mesgas ¢, "™ -""*
6: Y.sendPongs(knownServertsList, TTL) // send knownServentList to peer Y
7: end if

Xadaptive_forward_of ping() //Adaptive ping while reducing the ber of Ping ge.

w-hit _ratio

Require: int maxDegree = ¢, -€
Int  numberOfForwardedSocket = 0, List OpenSocketsList

// Choose the next hops for Adatptive walks

1: while (numberOfF orwardedSockets < max_degree) do

2: if Z.HitRatio = max{Y, HitRatio, VY. SocketID &OpenSocketsList} then

3: Z.forward (pingMesg)

4: numberQfForwardedSockets++
5: end if

6: end while

Xreceived Pong from_neighbors(ServentsListFromPongMesg) //received pong mesg from neighbors

w-hit _ratio

Require: Set knownServentsList, int maxDegree = C,-e , Set ConnectedPeersList, Set
BlackPeersList, List OpenSocketsList,

Ensure: ConnectedPeersList.size < maxDegree

1: X.backroute(PongMesg) // backroute Pong message to the peer who initiated Ping message

2: for each Y; € ServentsListFromPongMesg do

3: if'Y; € BlackPeersList V' Y; € ConnectedPeersList then

4: continue

5: else

6: X connects to Y;

7: if X connected 10 Y;

8: then add Y, to ConnectedPeersList and OpenSocketsList
9: else add Y, to BlackPeersList

10: X. pruning_nodes_having_lesser_potential_energy()

1. end if

12:end for

Y.connected_to(X) //Connected as best neighbors

w-hit _ ratio

Require: Set knownServentsList, int maxDegree = C,-€ , Set ComnectedPeersList, Set
BlackPeersList, Set OpenSocketsList,

Ensure: ConnectedPeersList.size < maxDegree

1:if X &€ ConnectedPeersList then

2: return

3: else

4: Y accepts the connection from X

5: add X to ConnectedPeersList and knownServentsList, and OpenSocketsList

6: Y. pruning_nodes_having_lesser_potential_energy()

9: end if

29 2 AEA S 7 ZREF
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X. chain_reactive_query_sending() //send a query for Chain-reactive search
—w-hit _ratio

Require: Query q, int TTIL = ¢5-€ R
Set SelectedNextHops

// Choose the next hops for Chain-reactive walks
1: SelectedNextHops «— X.best_next_hops()

2: for each S; € SelectedNextHops do

3: Si.send(q, TTL)

4: end for

X.best_next_hops() //choose next hop nodes for Chain-reactive walks
Require: Set OpenSocketsList, Int numberOfSelectedNextHops=0, Set SelectedNextHops = {}, int
maxDegree = c, -e""-""%
1: while (numberQfSelectedNextHops < max_degree) do
// choose the neighbor which has maximum hit-ratio among neighbors that have not been selected as next
hop node.
2: ifZ.HitRatio = max{Y; HitRatio, V' Y; € OpenSocketsList /

Y; & SelectedNextHops}

3 then

4: SelectedNextHops «— SelectedNextHops U Z
5: numberOfSelectedNextHops++

6: end if

7: end while

8: return SelectedNextHops

Xfind_target_or_chain_reactive_forwarding(Query g)
// find target file, or forwarding the query for Chain-reactive search
Require: Query q, int maxDegree = ¢, - v - s TTL = s €M=" int hit_ratio,
Set SelectedNextHops
1: if X.where_target_found(q) then
// Backroute the query hit message through the path through which the query has been passed.
2: X backroute(queryHitMesg)

3: else
// Choose the next hops for Chain-reactive walks
4: SelectedNextHops «— X.best_next_hops()
5: Jor each S; € SelectedNextHops do
6: Siforward(q)
7: end for
8:endif

9: X reevaluate(hit_ratio, X.where_target_found()) // Reevaluate my capability by myself

X. where_target_found(Query q) //check if X has the target document for q
1: if X has relevant documents for q then return true
2: else return false end if

X.received_QueryHit_from_neighbors(QueryHitMesg qh, Set NeighborGivingQueryHitMesg)
Mreceived QueryHit mesg from neighbors

w-hit _ratio

Require: Set knownServentsList, int maxDegree = C,-€ , float estimatedHitRatio, Set

ConnectedPeersList, Set BlackPeersList, List OpenSocketsList,

Ensure: ConnectedPeerslList.size < maxDegree

// Estimate the hit_ratio of neighbor by myself

1: estimatedHitRatio= NeighborGivingQueryHitMesg.estimate(HitRatio)

// Update hit_ratio of ConnectedPeerList and OpenSocketsList

2: update NeighborGivingQueryHitMesg.HitRatio in ConnectedPeersList, knownServentsList, and
OpenSocketsList with estimatedHitRatio

3: Xuse(qh) // Use QueryHit message .

a9 5 AUgE A9 2beH Z2EE
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