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Appendix A

Algorithm A.1 Flow Balancer on n;
Input: C
Output: C

1: procedure FLOWBALANCER(C)
2.

Q q(ik): ke(l,D]A > | £i gkl + > [£5.i.0.6] > Pmax
V(G0 fi g k1 EF V(G0 f 0,k EF
> € is the set of overflown radios
3:
T« (3,k): ke[l,D]A > | £igk| + S [£5.i0.k] < pmas
V(i fi k1 EF V(G0 fj 50,k EF

> Y is the set of underflown radios, i.e. radios with positive residual capacity
4: for all (i,k) € 2 do

5: B + > [fi,5,6,0] + > [f5,i0,6] = Pmaz
VG D ikl €F MOREFENN A
6: for all fr, : fijk1 € FV fji1,x € F do > For each flow on (i, k)
7 for all (i,k’) € T do
8: for all fr,, : fi jw 1 € FV [ €F do > For each flow on (i, k")
9: 5 |fry| = |fry,
10:
ARy, 4 Pmas = > [ figowral = > | £5,00,0
V(j,l)ifi,jyk/)LEF Vu’”:fj,i,l,k/EF
11: if5>0/\Ek7620/\ARk,7520then
12: Ek < Ek -4
13: C[ka,] +— k
14: C[ka] — K
15: end if
16: end for
17: end for
18: end for
19: if E; > 0 then
20: exit > Heuristic failed to balance
21: end if

22: end for
23: end procedure
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Algorithm A.2 Computation of the Set of k-neighborhood Subgraphs on n;
Input: (Ny, Fy)
Output: ¥, the set of subgraphs

1: procedure FINDSUBGRAPHS((Ng, Fi))
2 V< g > W is the set of subgraphs. The number of subgraphs will be ||
3 for all il gl k! € F} do
4 if i/ ¢ Hi Ni’ ¢ H, ANi' # i then
5: continue
6: end if
7 Ry «+ (i, k)
8 R, « (5,1
9: R, < (—1,-1)
10: for all ¢, € ¥ do
11: if R, € 91 then
12: R, <+ R,
13: else if R, € ¢; then
14: R, + R
15: end if
16: if R, # (—1,—1) then
17: $1 < 1 U{Re, Ry}
18: for all ¢ € ¥ do
19: if Yo # 1 A R, € 12 then
20: 1 = b1 U g
21: W W\ {92}
22: end if
23: end for
24: end if
25: end for
26: if R, = (—1,—1) then > Then no other subgraph contains f;s ;7 yr 1/
27: Ynew + {Re, Ry}
28: W ¥ U {¢Ynew}
29: end if

30: end for
31: end procedure

Algorithm A.3 Computation of the k-neighborhood Conflict Graph on n,
Input: ¥
Output: G.(¥, E), the conflict graph of the k-neighborhood subgraphs

1: procedure FINDCONFLICTGRAPH(¥)
2: E+ o > The edge set of G,
3: for all ¥; € ¥ do
4: for all (i, k) € 1 do
5: for all f; ;.1 € F do
6: for all ¢ € (¥ \ {¢1}) do
7: for all (j/,1') € > do
8: if (¢1,%2) € E then
9: break
10: end if
11: for all fi/,j/.k’,l’ € F do
12: if d(PI, Pj/) S d[ then
13: E < BEU{(¢1,92)}
14: break
15: end if
16: end for
17: end for
18: end for
19: end for
20: end for

21: end for
22: end procedure
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Algorithm A.4 Select Radio Manager

Input: (i, k), radio whose channel selector is to be determined
Input: Mg,

Input: My,

Output: m, channel selector node’s id

procedure SELECTORID((%, k), M|y |, My,)
m <+ —1
Cmaz < 0
dmin < 00
for all i’ € keys[My_] do
for all ¢ € Mg, [i'] do
if (i,k) € v A (m = -1V M‘\p‘[i/] > Cmaz V (M‘\p‘[i/] = Cmaz AN d(Py,P;) >
dp N dmin > d(Pi/7 P’L)) \ (M\\I/|[i/] = Cmaz N (d(Pz‘UPi) < dD\/d(PiM P?) = dmin) Am > 7'/))
then
m < 4’
Cmaa | Mg [1']]
dm,in < d(Pi/, P7)
end if
end for
end for

: end procedure

Algorithm A.5 Prepare Delegation Map
Inputs: ¥, S;, T
Output: Mp, the dictionary that holds the master radio of a remotely managed slave radio

CRIPT A WhH

: procedure PREPAREDLGMAP(Y, S;, T)

for all ¢, € S; do
Ya — P \T
if ¢4 # 1. then > if this colour class is remotely managed by radio (m, ky,)
for all (i, k) € ¥4 do
P {@ k") T eV, (i,k) € P A E) €} > 7 is the subgraph of radio (i, k)
dmin 00
(i, ka) — (=1, —1)
for all (i, k') € ¥ do
if d(P;s, Pp) < dpmin then
(id, kd) — (i/, k/)
dmin d(Pi,/ 5 Pm)
end if
end for
if dymin < dp then > dp is the delegation range
MD[(id: kd)] A (m7 km,)
Ya < ba \ ¢
end if
end for
if 94 = @ then
Si < Si \ {¥c}
else
Ye < Ya
end if
end if
end for

: end procedure
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Algorithm A.6 Computation of the Colour Classes’ Weighted Conflict Graph on n;
Input: Sy

Output: G.(Sa, E), conflict graph of the colour classes

Output: Wg, dictionary of edge weights of G.(Sa, E)

1: procedure FINDWEIGHTEDCONFLICTGRAPH(S 4)

2 E <+ o > The edge set of G,
3 for all ¢; € S4 do

4 for all (i, k) € 1 do

5: for all f; j x € F do

6: for all ¢ € (Sa \ {¢1}) do

7 for all (j',1') € 2 do

8: if d(P;, P;/) > dr then

9: continue

10: end if

11: for all f;/ ;1 s v € F do
12 B BEU{(1,v2)}
13: if d(P;, Pjs) < 1.0 then
14: d <+ 1.0

15: else

16: d <+ d(P, Pj/)

17: end if

18: We[(¢1,92)] « We[(¥1,¥2)] + 7v > a is the path loss exponent
19: end for

20: end for

21: end for

22: end for

23: end for

24:  end for
25: end procedure

Algorithm A.7 Channel List Initialization Algorithm Running on n;
Input: |S4], cardinality of the set of colour classes of remotely and locally managed radios
Output: L, channel list

1: procedure CHLIST(]S4])

2: 60

3 f+<1

4: C+«+ 11 > 11 channels for 802.11b/g
5: if |[Sa|=1 then > Then randomly select a channel
6: f + A random channel

7 else o1

AR

9:  end if
10: for alli € ZAi € [0,|Sal) do
11: ch <+ f+1id
12: Round ch to the nearest integer
13: if ch > C then
14: ch < C
15: end if
16: L; < ch

17: end for
18: end procedure
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Algorithm A.8 Channel Selection Estimation for the k-neighborhood of n;
Input: L, list of available (not yet assigned, free) channels

Input: Mc

Input: m, current channel selector node’s id

Input: ¢, number of channels to be selected for n,,

Output: M, node id-selected channels list mappings

1: procedure CHSELECTION(L, M¢c, m, c)
2 if ¢ =0 then

3 return

4: end if

5: | + LEASTPRIORNODE(M ()

6: if [ # —1 then

7 C/ — Mc [l]

8 Del Mc(l] > Remove key | from Mc¢
9: CHSELECTION(L, Mc, I, ')

10: end if

11: if m = —1 then

12: return

13: end if

14:  Lg < SELECTCH(L, c)

15: Mp[m] + Lg

16: end procedure

Algorithm A.9 Channel Selection from Available Channels
Input: L, list of available (not yet assigned, free) channels
Input: ¢, number of channels to be selected

Output: Lg, list of ¢ channels selected from L

1: procedure SELECTCH(L, c)
2: 6+ 0
3 Ls + @
4: C+ 11 > 11 channels for 802.11b/g
5: if ¢ <1 then > Then the median of the available channels list is selected
6: Append median[L] to Lg
7 Remove one instance of median[L] from L
8: else
9: § +— 5':11
10: end if
11: for alli € ZAi€ [0,c) do
12: ch+ 1416
13: Round ch to the nearest integer
14: if ch > C then
15: ch +— C
16: end if
17: if ch € L then
18: selectedCh <+ ch
19: else > Then select the closest channel to ch from L
20: dist < oo
21: for all channel € L do
22: if |ch — channel|< dist then
23: selectedCh <+ channel
24: dist < |ch — channel
25: end if
26: end for
27: end if
28: Append selectedCh to Lg
29: Remove selectedCh from L

30: end for
31: end procedure
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Algorithm A.10 Least Prior Node Selection on n;
Input: Mo
Output: [, least prior node’s id

1: procedure LEASTPRIORNODE(M¢)
2: Cmin $ OO

3: I+ —1

4: dmaz < —1

5:  for all j € keys[M¢] do

6

if cimin > Mcl[j] V (¢min = Mclj] A d(Pi, Pj) > dp A dmae < d(Pyi, Pj)) V (Cmin =

Mc[j] A (d(Pi, P;) < dp V dmae = d(Pi, P;)) Al < j) then

L+ j
8: Cmin < MC[]]
9: d'maz < d(Pi, Pj)
10: end if

11: end for
12: end procedure

Algorithm A.11 Distribute Channels Using Colour Classes’ Conflict Graph on n;
Input: S;, set of sets of radios n; is responsible for selecting channels

Input: G.(Sa, E), colour classes’ conflict graph

Input: Wg, dictionary of edge weights of G.(Sa, E)

Input: M7, dictionary of manager node id’s for the colour classes in S

Input: M, node id-selected channels list mappings

Output: 7;, candidate channel configurations for the radios of n;

Output: Mg, dictionary of remotely managed radios’ channels

1: procedure CuDIST(S;, G.(Sa, E), Wg, My, My,)
2:  if |S;|= 0 then
3: return
4: end if
5: My +— @ > initialize a dictionary that holds vertex-channel mappings
6: v < TRAVERSENEXT(nil, G.(Sa, E), Wg)
7 while v # nil do
8: Ve, I, « 0.0
9: for all ¢ € My [M;[v]] do > for each candidate channel ¢
10: for all (v,w) € E do
11: if w € keys[My] then > a channel has been selected for w
w v, w
12: I « I + Bl
13: end if
14: end for
15: end for
16: My [v] < ¢, such that I, is minimum in T > channel c is selected for colour class v
17: My [M[v]] < Mp[M;[v]]\ My[v] > Remove channel ¢ from candidate channels for node
MI [’U]
18: v <~ TRAVERSENEXT(v, G.(Sa, E), Wg)
19: end while
20: for all v € S; do
21: for all (i', k') € v do
22: if i’ =i then
23: 'rrf/ «— My [v]
24: else
25: Mg[(@', k")) + My[v]
26: end if
27: end for

28: end for
29: end procedure
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Algorithm A.12 Traverse Next Vertex
Input: v, current vertex being visited
Input: G.(Sa, E)

Input: Wg

Output: v, next vertex to be visited

1: procedure TRAVERSENEXT(v, G.(Sa, E), Wg)
2: Yv € Sa, Wy[v] + Z WEg[(v,w)] > Vertex weight is the sum of incident edges’ weights

(v,w)EE
3: if v # nil then
4: Select (v, w) € E such that Wg[(v, w)] is maximum in Wg and w has not been visited yet
5: if w # nil then > if such a w exists
6: return w
7 end if
8: end if
9: Select v € S4 such that Wy [v] is maximum in Wy and v has not been visited yet
10: return v > v is nil if no such vertex exists

11: end procedure

Algorithm A.13 Announce Channel Selections on n;

Input: S;, set of sets of radios n; is responsible for selecting channels

Input: Mp, dictionary that holds the master radio of a remotely managed slave radio
Input: 7, candidate channel configurations for the radios in S;

Input: II, list of sets of channel selection announcements

Input: C, list of channel selection variables

1: procedure ANNOUNCESELECTIONS(S;, Mp, =, II, C)
2: for all ¢ € S; do
3: for all (', k') € ¥ do
4: if i’ =i then
5: Chr 7rf, > Initialize channel selection variables
6: I, er/u{(|\Ili\,Xi,i,k’,7rf,/)}
7: Send CS message, (|ﬂ11\, X, i, k', Trf,l), to one-hop neighbors on the subgraph of (i, k”)
8: else
9: Send CS message, (|¥;], X;,i, k", Mg[(i', k")]), to (i, k")
10: end if
11: end for
12: end for
13:  for all (i', k") € keys[Mp] do > Send delegation requests
14: Send DR message, ((i', k")), to Mp[(i', k")]

15: end for
16: end procedure
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Algorithm A.14 Handle CS Announcement on n;

Input: II, list of sets of channel selection announcements

Input: Mp, proxy dictionary

Input: k, radio id for which the announcement has been received

1: procedure HANDLECSANNOUNCEMENT(II, Mp)

2:
Yinagz),  max {\\I/z|: for 3(X., 2,1, wi), (¥, X2, 2,1, wi) S Hk}
3:
Xmamk <+ max {Xz : for 3<\I/m,wk ,z, 1, 7le) s (‘I/mazk VX2, 2,1, 7rlz) = Hk}
4: . .
N7nink < min {Z : for 3(\I"mazk 3 X'mazk 3 l7 7"2)7 (‘I’nlamk 3 Xrnamk s %y l7 772) S Hk}
5: .
Dining, ¢ min {l s for I(Vimazy, s Xmawy,, Nming 1, 7)),
(Fmaogs Xmaag s Nming 1, 72) € i }
6: Cp 7l > Where (\Ilmamk,Xmamk,Nmmk,Dmmk,Wi) € Iy
7o if [, |> Uimaz, VvV (¥]= Yimaz, A Xj > Xmazy,) V
(‘\IIJ‘: \I/nlazk A Xj = X7nawk AN Nmuink > ]) Vv (anink == A D”Li”k > k?/) then

8: Send CS message, (|\Ilj|7 X3, k', WJ’-“/), to one-hop neighbors on the subgraph of (i, k)

9: for all (z,1) € Mp[(i, k)] do > Announce to delegated radios
10: Send CS message, (|\Ilj|7 X7, k/,wfl), to (z,1)
11: end for
12: end if

130 M e u {1051, X5,5, 8, 75) }
14: end procedure




