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0o 1 1 9 9 11 11 10
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current level <=1
current state <=0
Dec=""
Repeat
P<=Concat( Xp(current_level), Yp(current_level), Zp(current_level))
d<=derived_key (P, current state)
D<=concat(D,d)
If current level<curve order then
current state<=next state(current state,P,d)
end if
current_level<=current level+1

Until current level>curve order
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Routing Table for Object with key 600

Routing Set:

Branch

0 1 2 3 4 5 6 7
Order
1 21 -- 1300 | 1800 | 2300 | 2900 | 3400 | 4000
2 550 | -- 670 | 750 810 860 | 940 1010
3 580 595 - 611 628 637
4 -- 601 606
Leaf Set:
601 606 611 618
565 580 585 595
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current_ level = 0
current state =0
done_flag=0
Repeat
m<= Concat(Xp(K-current level), Yp(K-current level), Zp(K-current_level))
d<=derived key(m,current state)
If ( d=X key(3(K-current level) .. 3(K-current level)-2) ) then
If (current level <K-1) then
current state<=next state(current_state,d)
current_level=current level+1
Else
Route to (X) // the packet is destined for the node X itself
done flag=1
end if
Else
If ((R(current level+1,d)!=null ) then
Route to(R(current level+1,m))
Else
Routeto (L) st. LeleafsetUX, [L-P/: min
end if
done_flag=1
end if
Until done flag=1
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Build_KDTree (P, depth, Bbox, m) {
if P contains m or fewer points then
return a leaf node v storing these points and the node rectangle Bbox|
else if depth is even then
Split P into two subsets with a vertical line I through
the median x-coordinate of the points in P.
Let P1 be the set of points to the left of or on |,
and let P2 be the set of points to the right of I.
Let Bbox1 be the part of Bbox to the left of |,
and let BboxZ2 be the part of Bbox to the right of
else
Split P into two subsets with a horizontal line I through
the median y-coordinate of the points in P.
Let P1 be the set of points below or on |,
and let P2 be the set of points above .
Let Bbox1 be the part of Bbox below |,
and let Bbox?2 be the part of Bbox above I.
vieft «— Build KDTree (P1, depth + 1, Bbox1, m)
vright < Build KDTree (P2, depth + 1, BboxZ, m)
Create a node v storing ] and the node rectangle Bbozx,
make vieft the left child of v, and
make vright the right child of v.

returnv
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Routing Table for object with key 11
Routing Set

Branch
0 1 2 3
Order
1 32 43 52 62
2 18 22 26 28
3 0 3 4 6
4 13 15
5 8 -- --
6 - - -
Leaf Set
13 15 16
8 6 4
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current level <=shl(D,X)
M<= D(k-current level.min(k-current level+1k))
If (current level=K-1) then

Route to (X) // the packet is destined for the node X itself
Else

If ((R(current level+1,M)!=null ) then

Route to(R(current level+1,M))
Else
Routeto (L) st LeleafsetUX [L-D/: min

End If

End If
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! Greedy Perimeter Stateless Routing
? Geographic-Forwarding-Geocast
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* Greedy and Other Adaptive Face Routing
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If ((D1=A1) or (D2=AZ2 ) then
// route the packet to the closest leaves
Forward to Li(j) s.th. [P- Li(j)/ is minimum , Di=Ai
Else
//Route the packet with respect to the grid that brings it closer to its destination
X<=shi(D1,A1)+1;
Y<=shl(D2,A2)+1;
If (R1(x, D1(x))#null or R2(y, D2(y))#null ) then
If (x=y) then
forward to Z s.th [P-Z] minimum, Z € { R1(x, D1(x)), R2(y, D2(y))}
Else
If ((x>y)and R1(x, D1(x)) #null )
forward to R1(x, D1(x))
Else
forward to R2(y, D2(y))
End if
End if
Else

//rare case where all routing table entries are null

Forward to Z s.th. max(shl(D1,71), shi(D2,22)) is maximum ,Z¢c R1URZ2

/7 where Z belongs to buckets 71 and Z2 with respect to the first and second grid

End if

End if
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Abstract :

Multi-participant virtual environments are network applications that simulate the
experience of real-time interaction among multiple usersdistributed all over the internet In
order to share the common sense of time and place, multiple entities interacting in the
shared virtual environment should become aware of the modification to the shared
environment, or the result of on the other objects interactions shortly after such events
occur. This is achieved through the distribution of update messages. As the number of
users and entities increases, there is a considerable increase in the amount of update
messages exchanged among the users and entities. This is considered as one of the most
important challenges in the design of large scale virtual environments. The use of
distributed architectures is a solution to this problem. However, such architectures should
in teurn deal with a variety of challenges related to noncentralized protocols.

This dissertation proposes a number of distributed architectures for massively multi user
virtual environments in an attempt to provide an efficient infrastructure for update message
distribution. Simulation has also been used to demonstrate the functality and performance

of the proposed approaches.

Keywords : Massively Multi User Virtual Environments ( MMVEs) , Peer to Peer
networks, Distributed algorithms, Ant colony optimization, Hilbert Curve, KD Tree, Wired

Geometrical routing
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