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Algorithm 1: 00 OO D O0OOODOO

Input: RT, score(o;), p-score(o;) //IRT 00 000 p-score(o;,) 00000000000
1 case p-score(0;) > RT[rma, — 1].score and score(o;) > RT [rmaz — 1].score
2 L Resort the recorded information in descending order of score

w

case p-score(0;) < RT[rmas — 1].score and score(o;) > RT'[rmaq — 1].score
Insert the information on o;
Move down the rank of each data with score smaller than score(o;)

wn =

=)

case p-score(0;) > RT[mae — 1].score and score(o;) < RT'[rmqs — 1].score
Delete the information on o;
Raise the rank of each data with score smaller than p-score(o;)
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Algorithm 2: 00 00000 O0ODOOOO

case 1O ODO0OOOO
if N; receives the query for the first time then

1

2

3 Nj.parent < ¢;.Lyoute||¢i-Lroute| — 1]

4 Nj -Lroute «— qi-Lroute

5 fori =0tok —1do

6 L N;.QL < RT}[i].QueryAddress

7 Nj~QLs — Nj~QLs - Qi~QLs - q¢~QLp - Qi~Lroute
8 NJQLP — qi~QLs

9 if N,.QL; = () then

10 ‘ Send r; to N;.parent

1 else

12 L Set query timer

13 else

14 Nj-Lneighbor — Nj-Lneighbor U< qi-Lroutqui-Lroute‘ - 1}7 ‘qi~Lroute| >
15 | Nj-QLs <~ Nj~QLs - Qi-LrouteHQi-Lroute| - 1]
16 case J OO O0DOODOO

17 if query timer expired then

18 if N;.QL, # () then

19 qi-Lroute < Nj.Lyoute U {N]}
20 quLS — Nj.QLS
21 quLp — Nj'QLP
22 Send ¢;
23 else
24 | Send r; to the N;.parent
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Algorithm 3: U 000D O0OOODOOODO

1case 10000000

2 for Vo € r;. Ly, do

3 flag < 0

4 forxr = 0to 1,0 — 1 do

5 if score(o) = RT;[x].score and o.holderID = RT)[x].holderID then
6 flag + 1

7 if RT;[i].QueryAddress # r;.N,. then

8 if 3RT;[i].QueryAddress € N;.children then

9 | Nj.children < Nj.children — RT}[i].QueryAddress

10 RT)[i].QueryAddress <— 7;. N,

11 ifflag=0/00000000000000000 then

12 | Update RT; /000000 1

13 if N, receives r; from all children or pre-determined time has elapsed or N,.QQL; = () then
14 AO000D00000 #

15 Ti-Laata < {Vo € Oy U N;j.Lyqi, | score(o) > RT;[k — 1].score}

16 7i. Ngre (—Nj

17 Send r; to N;.parent

18 case O OOOOOO

19 if N; detects a link disconnection between itself and /V;.parent then

20 if N;.Lycighvor # () then

21 Nj.parent <— {3N, € N;.Lyeighpor | Ny-hopCt is the minimum in N;.Lpeighbor }
22 Nj.Lypeighbor < Nj.Lpeighbor — INj.parent

23 Send 7; to N;.parent

24 else

25 | Discard r;
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Algorithm4: 00 00O DOOOO0O

1 case RREQUO OO
2 if N receives RREQ for the first time then
3 Nj:.sender_node <~ RREQ. N,

4 if N;» € RREQ.N then
5

6

7

Send RREP to N;:.sender_node
if V;, has not received the query message then
L Execute Algorithm 2

else
if ANjesr € RREQ.N, Nj/. Lyeighpor U Ny .children then

10 | Send RREP to N;:.sender_node
11 else

12 if RREQ.TTL > 0 then

13 TTL «+ TTL —1

14 L Broadcast RREQ

15 case RREP 1 J [

16 Update the query addresses of corresponding (destination node’s) ranks to the sender node
17 if V; is the route request node then

18 if all destination nodes have already received the query message then

19 | Send r; to N;.parent

20 else
2 | Send RREP to N;.sender_node
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Algorithm S: CHUO OO OUOODOODOOODOO

1 if E|Nj € q;.Destc g then

2 if V; receives for the first time then

3 Nj -parent <— qi~Lroute[|Qi~Lroute| - 1]
4 Nj -Lroute «— qi-Lroute

5 N]SR < @
6
7
8
9

for z = 0to |g;.Listep| — 1 do

y < ¢;.Listpop[x].rank

if N;.Listyopy — 1].hopCt < ¢;.Listpep[x].hopCt and N; # yth rank data holder then
| N,.SR+ N;.SRU {y}

10 if IV .Listpop[y — 1].hopCt = oo and g;.Listy,,p[x].hopCt = co then
1 | N;.SR«+ N;.SRU {y}

12 if N;.SR # () then

13 qi-Listpop < 0

14 forz =0to |N;.SR|—1do

15 L y < N;.SR[z]

16 qi-Listpop < qi.Listhop U {< y, Nj.Listhopy — 1).hopCt>}
17 qi-Lroute — qi~Lroute U {N]}

18 g;-Destcp <+ 0

19 Broadcast ¢;

20 else

21 | Execute Algorithm 7

22 else

23 if qi-Lroutqui-Lroute‘ — 2} = Nj then

24 ‘ Nj.children «<— Nj.children U g;.Destc

25 else

26 L Nj neighbor <— N;.neighbor U ¢;. Lyoute[|Gi- Lroute| — 1]
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Algorithm6: GW DO U DD ODOOOODOODOOO

1case OO0 QOQOOOO

2 if N; receives for the first time from a CH then

3 Nj.parent < ¢;.Lyoute[|¢i- Lroute| — 1]

4 Nj-Lroute <~ qi-Lroute

5 if Vo € [0, |g;.Listhop| — 1], ¢;-Listpop|z].hopCt < 1 and

6 N; RankingTable[g;.Listyop[x].rank—1].node ¢ N;.Listcy then
7 Destc pr.candidate < ()
8 if N; is a data holder then
9 | Execute Algorithm 7

10 else

1 Destcp.candidate <— N;.Listc g — IN;.parent

12 Set query timer

13 else if V; has already received from a CH then

14 Destc g .candidate <— Destcpr.candidate —q;.Desto

15 if qi~Lroutqui~Lroute| - 2] = Nj then

16 ‘ Nj .children < Nj.children U ¢;.Lyoute[|Gi-Lroute| — 1]
17 else

18 L Nj.neighbor <— Nj.neighbor U ¢;. Lyoute[|¢i- Lroute| — 1]
v case OO ODOOOO

20 if query timer expired then

21 if Destc pr.candidate # () then

22 qi'Lroute — Nj~LT0ute U {Nj}

23 qi.Destc g + Destc g .candidate

24 Send g;

25 else

26 if N; is a data holder then

27 L Execute Algorithm 7
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Algorithm7: 0000000 OOOOO0O

1\ r LXP «— Ny, LM /0000000000000000N; L, =

2 if N is a CH then

3 L Ti.LgeIZ_} — ’I"i.LgII} @] {Nj/}

4 Lggiq < V{0,0} of its own data, where score(o) > N; RankingTable[k — 1].score

5 7i-Laata < Ldata UNj/.Laata /0000000000000 000 N/ Lgra = 0

6 Send r; to IN;/.parent

Algoritm8: D U D DD OOOODOOO
1 Nj/.LTCeIZ_)I — Nj/LgI]_jI U T,Lg}l}
2 Update each hop_count in ;. Li4tq
3 Nj"Ldata — Nj’ ~Ldata U Ti~Ldata
4 if N/ receives replies from its all children or predetermined time limit has elapsed then
s | Execute Algorithm 7
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Algorithm 9: U 000D O0OOOOOODOO

1 /00 N; 000000000 %
2 caseCHOOO

3 if N;.neighbor # () then

4 N .parent <— 3N, € N;.neighbor

5 N .neighbor < N;.neighbor —IV;.parent
6 Send r; to parent
7

8

9

else

nextCH < N;.Lyoute[|Nj.Lroute| — 2]
nextGW <— original parent of N;

10 Broadcast r;

1 caseGW O 0[O

12 nextCH <— N;.parent
13 nextGW < ()
14 Broadcast r;

Algorithm 10: D0 000000000 OOOOOOOO

1 /400 N, O0000000000000000000 *
2 if dr;nextCH € Ny .Listcyr then

3 | Sendr; tor;.nextCH

4 else

5 if 3r; nextGW € N, .neighbor then

6 L L Send r; to r;.nextGW
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Algorithm 11: 0D 000000 OODOO0O

1 /* Expire the timer of node IV, */
2 ¢f << Np, Ny, N,.pos, KSKY,, >
3 Broadcast ¢f
4 /* Node N, receives a cf from node N, */
5 if cf. Nou # N, then
6 if ¢ Ncy = ¢f-N,. then
7 Cancel its own timer
8 RoutingTable.entry <— RoutingTable.entry U{ N, N).pos, Ny }
9 if IV, received cf for the first time then
10 ¢f << Ny, N4, Ny.pos, KSKY, >
L Broadcast cf

12 else
13 L RoutingTable.entry <— RoutingTable.enry U {c¢f.Nc s, 0, N, }

14 Ng.neighbor <— Ny .neighbor U { N, N, .pos, KSKY,, }

Algorithm 12: D0 0000000 OOOO

/* Procedure of non-cluster-head, N, */

CHL < {V{N,, N,.pos} € N,.RoutingTable}

mn << Ny, CHL >

Send mn to the nearest cluster-head from N,

/* Procedure of cluster head V,, which receives mn from N, */

CM <+ CMU{N,}

for V mn.CHL.entry do

if 34, j, RoutingTable.entry; .CH = mn.CHL.entry ;.CH then
RoutingTable.entry;.CH_position <— mn.CHL.entry ;.position
if Dist(RoutingTable.entry;.CH, N,) < Dist(RoutingTable.entry;.CH,
RoutingTable.entry;.next_node) then

1 | RoutingTable.entry; next-node < N,

o N AN R W N -

-
=)

12 else
13 L RoutingTable.entry <— RoutingTable.entry U {mn.CHL.entry, N, }

0000 SkyDist,,, OO SkyDist,,,, 1000 N, OOOOOOOOOOOOO
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Algorithm 13: OO DO QOO

A U AW N -

Input: (b, me, ub

Output: [0, me’, ubd’

/* Node, Ny, constructs a filter from a query sent by N, */

Im_data +— mu_data < Im_datacom — mu_datacom — 0

for VN, € N,.neighbor do

if N is within the search range then

if Dist(Ng, Ny) < cthen

Im_datacom < Im_-datacom U {{Vscore(0;),j} | 0j.p € KSKYy, score(o;) €
[lb.score, me.score]}
MUu-dataeom — mu-datacom U {{Vscore(o;),j} | 0;.p € KSKYy, score(o;) €
(me.score, ub.score] }

8 Sort Im_datacen, and mu_datac,,, by ascending order of score
9 Im_data <— 1bU Im_datacom

10
11
12

13
14
15
16

17

18
19
20
21
22
23
24
25

26
27
28
29
30

if | Im_data |< |k/2] + 1 then
fori =0to |k/2| + 1— | Im_data | do
| Im_data < Im_data U {me.score, -(i + 1)}

mu_data < mu_datacom
if | mu_data |< k — | k/2|—1 then
fori =0tok — |k/2] — 1— | mu_data | do
| mu_data < mu_data U {ub.score, —(i + k)}

LTOPK <— top-k data in its own dataset and K -skyband of neighbors existing within the search
range
LTOPK < LTOPK U Im_data U me U mu_data U ub
Sort LTOPK by ascending order of score
I «+ LTOPKIO0]
me’ < LTOPK[|k/2]]
j k2]
while me’.id < 0 do
Jj—i+1
L me’ < LTOPK[j]
ub’ « LTOPK[k — 1]
j— k-1
while ub'.id < 0 do
J—g+1
L ub’ + LTOPK[j]

N
U
0
0
U

OO0 rO0000D0ODOO0ODOO3800D0ODOO0O0ObObDOObLObLUObDOO
OOobo0oooooboooooooboboooobobooDooookod medd
melO«b0000000000OO00OO0OO0OO0DOOODOOOODOND, melO
meld [me,wb] OO «0 00 000O10-1200000 14-16000 0000000
OO00O0bobooooobogi,melOODOO melwb]OO0OO0OOOODO
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Algorithm 14: OO0 0 ¢, 00O 0O

1 if N, receives g; for the first time then
2 Np.parent <— ¢;.Ngpc
3 Set F' by Algorithm 13
4 Np.p <= g;.F[2].score /[ub.score
5 if gc; then
7 for V ¢;. AT where ¢;. AT .next_node # N, do
8 | CL+ CLUg;.AT.CH
9 AT <+ ()
10 for Vt <— RoutingTable.entry do
1 if £.CH is not included in CL and ¢.next_node is within gr from N,,., then
12 L AT « AT U {t.CH, t.next_node}
13 if AT # () then
14 qci << Norg, Norg.p0s, Np, k, qr,w, F,AT, CL >
15 Send gc; to nodes included in AT as next_node
16 else
17 N, LeafFlag < 1
18 Execute Algorithm 15

19 if gd; then
20 L Reply data with scores not more than the threshold to N,,.parent

O0000b0o0oboooboooobooboooboooooooooD kOO
obooobooboboobooobooobogooon

00000000000 ge;d0ge; =< Nopg, Nopg-p08, Ngpe, ki, qrow, F,AT, CL >
O00000:00000000000N,,, 0000000000000XN,4.pos00
o00ooboobooboobooon N .ODOobooooboobooboooooo
0000 N,, 0000000000000 ¢O0000 w=<w[l],w]2],---,w[d] >
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Algorithm 15: 00 000000000000 N,OOO

1A« ()

if IV, LeafFlag = 1 then

Put in VIV;, which are neighors and satisfy all the following conditions, to A
-N; is within gr from N,

-IN; has data with scores not more than N,,.p

-Nj’s cluster head is not within gr from Ny,.g

A A W N

® 2

if NV, is a cluster head then

Put in V.IV;, which are cluster member and satisty all the following conditions, to A
9 -N; is within gr from N,

10 -IN; has data with score not more than IV,.p

11 -N; # Np.parent

12 if A # () then

13 qd; << Norg, Norg.pos, Np, k,qr,w, F,A >

14 Send qd; to nodes included in A

15 else

16 L Reply data with scores not larger than N,,.p to N,,.parent
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000000000 1409-12000000AT000000000000000
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000000000000000000000000000000000 1500

00000000 gd; 00 qd; =< Norg, Norg.p0s, Nure, ki, qrw, F,A >0 000
OO0A(=Address) 10 0000000000000 O0000000O000O0000
OD0000O0ATOD0DO0O000O00 nextnode 0000000000000000
000000000000 000000000000000000000000
0000000000000000000000000000000000000
00000000000 000000000000 1602-30000000000
00000000000000000000000000000000&0000
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Algorithm 16: U O OO0 r, 000

/* Ny, receives r; */

if Np.p > r;.p then

L Np.p=rip

4 Np~Ldata — Np-Ldata U ri~Ldata
5 if IV, receives r; from all next_nodes inlcluded in AT for the fist time then
6 if N, is a cluster head then
7 | Execute Algorithm 15
8
9

WO

else

Lgata < {Y0 € Ny.Lygia | score(o) < Ny.p}
r; =< Np, Lata, Np.p >
Send r; to N,.parent

12 else

13 if NV, receives r; from all next_nodes inlcluded in A then
14 Lata < {Y0 € Ny.Lygia | score(o) < Ny.p}

15 r; << Ny, Liatas Np.p >

16 Send r; to N,,.parent

000000000000 000000000000000000000000
000000000000 000000000000000000000000
000000000000000000000000000000000000
000000000000 0000000000 k0000000000000
0000000000000000000000000000000000000
000000000000 000000000000000000000000
000000000000 000000000000000300000000
01506000000000000000000000000000000000
00000 r;00r; =< Nye, Lagta,p >000000 Lyae 00000 pOODO
000000000000000000000000000000000000
0000000 15014-160000000000000000000000000
00000000000 00000000000
0000000000000000000000000000000000 ACK
0000000000000000000000000000000000000
00000 ACKOOOOOOOOOOOOOOOO00O
000000O000ChsTo000000000000000000000000
00000000000 000000000000k000000000000
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