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A Load Balancing Routing Algorithm for Wide Range of Traffic Demands

YASUHIRO OHARA," HIDEAKI IMAIZUMI, 9 AKIRA KATO,it
OsAMU NAKAMURAtt and JUN MURAIft

The congestion avoidance after a traffic demand change is not considered in the current In-
ternet. This research aims to achieve a network without performance degradation after change
of the traffic demands. A Load Balancing Routing Algorithm (LBRA) that does not presume
any traffic demands is proposed, and is shown by simulation that it supports a wide range of
traffic demands. LBRA maximizes a minimum feasible communication bandwidth from each
node to the destination in the network. Hence the possibility of congestion is relatively low in
LBRA when a traffic demands have a large traffic flow on a source-destination pair. For ran-
dom model traffic demands, LBRA shows equivalent link utilization with InvCap Dijkstra. A
particular network topology with constant link bandwidth was found problematic on LBRA,
where the number of congested links increases compared to existing standard minimum-hop

shortest path routing.
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Fig.1 An example routing topology.

02 000O0ooooo
Fig.2 An example process of the algorithm.
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01 BRITEOOOOOOOOOOOO
Table 1 Topology generation using BRITE: name and configuration.
oo goooo oooo gooo opoooo opoood
BA-20-HT-C Barabdsi-Albert 20 37 Heavy Tail  Constant
WA-20-HT-C Waxman 20 40 Heavy Tail  Constant
WA-20-RN-C | Waxman 20 40 Random Constant
BA-20-HT-U Barabdsi-Albert 20 37 Heavy Tail  Uniform
WA-20-HT-U | Waxman 20 40 Heavy Tail ~ Uniform
WA-20-RN-U | Waxman 20 40 Random Uniform

BA-20-HT-C

03 000000000000 000000000BA-20-HT-COWA-20-HT-CO WA-20-RN-C
Fig.3 Illustration of the graph structure in the simulation: BA-20-HT-C, WA-

20-HT-C, WA-20-RN-C.
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02 LBRAOOOO
Table 2 Time taken by LBRA computation.

oooo 0000 (ms) 0OO0O
BA-20-HT-C | 337.8 23.5
WA-20-HT-C | 477.7 30.1
WA-20-RN-C | 462.6 24.8
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Fig.4 Cumulative fraction of source-destination pair re-
garding maximum feasible bandwidth: comparison
of InvCap Dijkstra and LBRA on a constant band-
width BA network.
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Fig.5 Cumulative fraction of source-destination pair re-
garding maximum feasible bandwidth: comparison
of InvCap Dijkstra and LBRA on a uniform band-
width BA network.
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Fig. 7 Comparison of maximum link utilizations of the InvCap Dijkstra and
LBRA on a constant bandwidth BA network.
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1: procedure INITIALIZE(G, W, @, B, R)
2 for i€V do
3 for j€V do
4: R;w—(ﬁ
5 S;w—gb
6 P;<—¢
7 b§-<—0
8 done
9: done
10: end procedure
1: procedure CALCBW(i, j, G, Sj,Q, B, R)
2: if (i=j) then
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return oo
end if
for each nexthop z € S;- do
if (i€ P;) then
return 0
end if
done
bw — Zzesj {min{cap(i,z), b7 }}
for each common node ¢ € ) P/ do
bw «— min{bw, b5}
done
for each neighbor = € S; do
bw — max{bw, min{cap(i, ), bj } }
done
return bw

end procedure

: procedure CALCNODELIST(4, j, G, S}, Q, B,

R)
P e (i} UAU, s P2)
return P’

: end procedure

: procedure UPDATE(%, j, G, S;, Q, B, R)

by «— CALCBW (i, j, G, S}, Q, B, R)
J
R)
R — ¢
for ke S; do
re=05/(3 s )
R — R U (k,7)

done

: end procedure
: procedure DECIDE(e, j, G, W, Q, B, R)

(i,k) —e
UPDATE (i, j, G, Si, Q, B, R)

bi' — CALCBW (4, 4, G, S; U{k}, Q, B, R)

i — bi' — b}
SJ’-c — SJ’.c \ {i}
Urpatk (k, j, G, S¥, Q, B, R)

bk’ — CALCBW (k, j, G, S7U{i}, Q, B, R)

6k « bk’ — b¥

if ((bi’ =0) A (bK' =0)) then
return

end if

if ((6i £0)A (6k > 0)) then

P} « CaLcNobeLisT (i, j, G, Si, Q, B,
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15: Sk — SFu{i} 18: wh—wh!

16: else if ((d¢ > 0) A (6k £0)) then 19: for each link e’ € T do

17: Si— S u{k} 20 DEcbE(e, j, G, W", QF, B¥, R)

18:  elseif (b <b¥) then 21: if (W"# W"™!) then

19: Sk Stu{k} 22: while (Q" # Q* ') v

20:  elseif (b >1b}) then (B* # B*") do

21: Sk — SFu{i} 23: ke—k+1

22: else if (4¢ > dk) then 24: QF — QF!

23: Si— Siu{k} 25: B* — B*!

24: else if (di < 6k) then 26: for each link (u',v’) €

25: Sk — SFu{i} T do

26: else if ((nodeid(j) =0 (mod 2)) then 27: UppATE (v, j, G,

27: if (nodeid(i) < nodeid(k)) then W, QF, B* R)

28: S — Stu{k} 28: UprpaTE (v/, j, G,

29: else if (nodeid(i) > nodeid(k)) then W", QF, B* R)

30: Sy — SFu{i} 29: done

31: end if 30: end while

32: else if ((nodeid(j) =1 (mod 2)) then 31: (Aj check )

33: if (nodeid(i) > nodeid(k)) then 32: end if

34: Si— S u{k} 33: done

35: else if (nodeid(i) < nodeid(k)) then 34: end while

36: SF— SFu{i} 35: end while

37: end if 36: done

38: end if 37: end procedure

39: UPDATE (i, j, G, Si, Q, B, R) A.2 O00OO0OOO

10:  UppatE (k, j, G, S}, Q, B, R) 00000000000000000 u,«dv e N*O

41: end procedure 00000 0000000000000 S¥0w

1: procedure LBRA(G) ooooooooood (wv)0wu—oOO000O

2 InriaLize (G, W, Q°, BY, R) 000000000000000000000000

3 for each destination j € V' do 000000000000000000000000

4 X — {5} O00000000000000000000000

5: T —¢ oooooo

6 h—1 000000000000 000LBRAOODOO

7 wh — wh=t 0000000000000 00000000000

8 k1 00000000000 0000000000000

9: QF — QF ! 000000000000 000000000000

10: BF — B*! 00000000000000000D0000000

11: while T # E do O0O0O0O0OOO0OLBRAOOOOOOOODOD

12: e — {(wv)u € X, (uv) € 00 A.2.1. 000000 G=(V,R) 000000
E,(u,v) €T} cap(e)000 j €V 0DODODOODOOOODOO

13: DECIDE(e, §, G, W", Q*, B* | R) O0O0DO0O0LBRADDDOOODODDOOODODDOO

14: X — X U{u,v} O0. 00000000000

15: T —TU{e} 000 G=(V,EF)0000000 000000

16: while W" £ W"1 do 0000000000000 00000000000

17: h—h+1 goooUooOoooUoooooooo (we)0OOoOO
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Fig.9 A routing loop.
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Fig.10 Relation between G, T' and destination j in
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Fig.11 Changing routing direction between u and v.
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