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2} (query issuer, Y), A A (query point, pq), A2 A} 7H—’F(k, k- gy, @ Angd le
A5 zastn A7) Ao -5 A75 F A7) Ao AH(PhHomwy g ke k wel g
A4 2749 kENF 7)) (K-Nearest € -Close Friends query, Ko} L& 212 Sasts A7) S8, 47
Aoahe L-5 a7 gaei)g 4 Aeahe) (-5 A7/ ¥g A5 ozse -5 A 4
PV _ P VlZ i Pk

YRE(U)E A= F2E AE, 2 A7) t-& 25 g2E(Yu )9 47 t—% WA A BRE(TU)E o]
gale] A7) kENeF Aol g3k S9e Ades A AR Egsh.
(52) CPCE3 &+

G06Q 50/10 (2013.01)
o] WS AP FrhAT ALY

FALFHE 2018019262

> 7] EAH BB

A7) A7) 2 AT A o

ATFArE ()3 FAATFA-H A (F-45)

AT A CCTV vldjo]e 7|9t A5q WHF4/ L AL3]| b A| =8

7] & 1/1

a7 s oehal Abshy E g

A7k 2018.03.01 ~ 2019.02.28
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3 Al A
9
AT 1
A5 747+ el A (vertex, YEV )9 Aa(V)m 47 ALEAE Apol9)

A7 PAS JehhE dA(edge, €€E)e meErem TAw wpery @)= (undirected graph,

2
T
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@,
2
fru
-4
oX,
i
‘_,
>~
>
0150
>

C=V.E} ) wagn ae=(eria) B4 A2e Aelsks 27 44 220 dolA,
A9 A (query issuer, 1), Do A (query point, PO), A Aste] Ak, k= o), v aasct, ¢

& AP E T Y] AR L-F Avs T @] Ao AR(Phozne 4 Ane k W

e A2 e kE-NeF A (K-Nearest € -Close Friends query, kop Lo gazyz as= 74
TAIE

) Ao (g a7 gaei)g g e (-F 277k w98 459 gzse (-5 )

4
wazedns gyae 9 gy 2

=

o

) g a7 azeMios 4o g e a4 gxeding dgse 4 kKiae A0 g8 s9e
AR e AR wgee AT 3

> T

e

AT+ 2

Aol 9ol

A7) el AerE Ay 2= AelA 4] e AdPa)e] mgd A (D 4] A7 ADHE =
S 4 7)o AAZE S (rectangles) e %7188 F(heap, el 4beiahaL,

A7 = Ao AAAE S 9(up), oFdl(down), YZE(left) TEE QEZ(right)s =
(direction)® a1 DAAAgsr A7 Azl AC9) xpolo] ZEAdE AxzHEel A4 @M Al (level

number) & ¥ ¥

FAT AW W E 2 AAGPES FUD A5 A TP,
AT A FA.
7% 3

A2l QA

471 A(H)e) Asal(entry) 5 47 Aol AR (PI)3he) Ha A ( mindishe) o5 Agon FHHE,

P

T oA 2]

=St B}

AT 4
A28 o],
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A7) 7] Ayrs 7 AH)e des F 47 de AdPU)ste] Hx ATt 1 Fe dEg
3l (de—heap) sl

T A A,

i

]:]_

&0

AT 5
A4l JojA,
A7) A AR

O-ga dsae)t 4 Lz o a gasid zens acw, g-gn asee) gl zew 3

fato)

o

7 a7 g ar gzaeio xa9: 992 29 agR)d sk,

U-3E = (C)7F AxEelw, A7) Ax o] BE A5 5AF FPNA vhE Lo ANAEe
47 A e,

AT AA ZA.

7% 6

A5l oA,

A7) A AR,

A7) Aol T8 A=t gAY 47 23k AFR)el ksl 92 (component) 9 371 Aol x4 (Pa)
Atolel Hz Az (KNN_Aist )7 c-519 d=e@)st 47) de) AQ(PDHze Ha Ag( mindish yo
Zrobd w7},

47 Ao ARPayze) Ax AdA AR Ao AsaE d-gake 24, 4 g a7 aseVig =
FHE A8 23 AFR)o Adsts 52, 2 47 4A4Z4Y ye BE ASs S99 A ok o

o AAzge 4 FHel dase B4 wngo fYse
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AN

il

37 edaMoye 471 aese) 2219 $98 a7)

weeaMe)el gi(elenent, Me)e ) iz sMe)ol ggais () gelel AC) el 4
Apolel oA (edge)®) AFE vehie,

AT A A,

o
A

fato)
il

271 o] ER= oo AREAe] 914 WA Awel AT wA WE AW F Aok stuE FAlstar A"
AR Setes 7] EHAE Yol Eshs,

yrgo] Hv

7] & & of

2 oae Hay A AT ANE aysE AYE AHEske FX 9 g B$ sleltt

I

2ulE tulo](smart device)o] F43% HFoz <13to], LBS(location-based services)’} F&EHFaL Qlt}.

2ulE gulol A5 F] AMSAE 1}4‘194 92 ARE 9x 7k 24 UEY A (location-based social

network), & A 2-24 UELA(Geo-Social Network, GeoSN) AJH]2~(e]l; Foursquare, Facebook, Twitter,

Yelp 5ol &gt 4= A HATh. o, Facebook?d H A& (query 1ssuers)° 'Nearby Friends'#} &3
(e}

E 7S ARgEke] IFE e (nelghborlng fr1ends)° AAg 4 Qlty. B3, Foursquare®] AMEAES ]
A% AHH(check-in information)E& 159 JIFENA E|EZE(report)dtil, AH]X(Foursquare)= 19 %
T @A (friend relationships)ES dAA]7]7] 14 29y A rE FHS

aPd s Eeka, e I3t 7J9] Ag 7HES *}5131 A (social relationships)E LeldhA| &l 2.7
$1% dlo]lE (location data) ®+S A#Est7] wito] &8x7F "ojxnh, d o=, Aujxe] AFEgA7F AF e
TE £ 259 A E(acqualntances)é 7&*—‘13}311} g ), AB]AE AREREe] 98 a&H R TEAY]
2 gar), weEld, AlEAEL FxHoR gy Y 159 AT B AE(friend lists)E FESISIoF s},
Y7 e#3

E35]7¢

(E3&3 0001) skl 37153 #12014-00263053. (2014.03.05. 3-71)

HJHJ

(B3&d 0002) vegtdls 5553 A11760600% (2017.07.24. 33L)

3 0001) K. Mouratidis, D. Papadias, M. Hadjieleftheriou, Conceptual partitioning: an
efficient method for continuous nearest neighbor monitoring, in: Proceedings of the 2005 ACM SIGMOD
International Conference on Management of Data, ACM, 2005, pp. 634-645.

(ME3E3 0002) C. Shim, W. Kim, W. Heo, S. Yi, C.Y. Dohn, 1-Close range friends query on social
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grid index, IEICE Trans. Inf. Syst. 100 (4) (2017) 811-812.

B ogo] o]Faat k= VlEAQl A= HA A AT AN 23S AT e AA 2 S Ay
Sk Aotk

A9 HE T
Boumbge] o Axlde] wE AT AN A= AS(cells)E TFAEL, AAS 244 Y= Ad
(vertex, YEV o] gz 47 21415 Alole] AT #AZ Y= A (edge, €€E)9 Bg(E)om

T% w Y 182 (undirected graph, G={V.E} )7 WhdE g =(grid) AAlA FAEE Agste
T A AA2ZA, o dolM, Ao (query issuer, 1), Ao A ™ (query point, P4), @M Aze] Ak,
ke aas), 9 ausd, te Aas)s weta 47 dela)e) % A7s 5 7] 2o AP
o2Ry 744 s k wo) g A ago kE-NF 2] (K -Nearest {-Close Friends query, kop Lo 2
AF)E FAEE A FAR, A7) AR (-5 A E]iE(V“E )ok 7] Aoyl b-% A7t %
wzel gz g A 4 gzedie gyse g ggn, 9 ) g ap gzeVHg

g g A a aeedig oggd gy klag Aad ge owe Ads: A7 Anns

=
wowne] A o] whE AT P4 3R 9 ogdel @ B, AsuUe BahE 24 2w, A A% 4
L

% 2 KENCE 21219 o g d9s) 9@ vl
= 3L (PM(conceptual partitioning)< AW3}7] 93k =wHo|t},
T 4E AT A9 dF EASY.

w5 V0o 3-8 17 grEY oE LABT,

T 6ax NCSY FAAQ dugl&S A8, & 6bE T 6a9] A FindCellData() &9 214 ¢ g
& Z=AISH
w78 k=go]z (=001 ], NCSO o2 wAET}

T 8L 19 3-F AT A g rEC dE wA|gt),



[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

SIHS31 10-2020-0024074

5 9a% FCSY 4% FE(pseudo code)E EAISLI, & 9bE & 9a¢] EA]E MakeFriendCell() &4¢] &g

g =Aw,

T 102 FCS9| d& ZA|gH.

T 112 3-F I A g2E9 oE EAG.

T 12% SGI 74k PCS9 X% FZ(pseudo code) S EA|3HTEH,

T 132 PCS9| ol & Z=A|SHT).

LT 14 718 fduolE9 AR W&ol 3 diayFE =AG
% 156% SGI ulolES] 5 714 o & EAgt)

Lo i

A eSS EAIRT.

% 172 FANS o] &3 uolEe] < o5 =AGh
182 2 whgel o AA| ool o3k M HA FA]e) Ve =S =AY
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3 gt B wmel del v U4 dEd] A 5A% TRA EE /5" 4¥ES 9
A B oane] el mE A4 dES Ags] A% BHoR oAE AoRA, B uge Ade] me A
dEe tad guER AAE & om B AAe Y A4 dEd #gEA e
B oagel el e A4 5 Ggd MFES 8 S dn oY ) FEES 4 S gdoms A
AEE wRo dAstn ¥ AN FAA dRstna Sk e, ols ¥ gl Adel we A4
A5 SAT AN FeEel tha @gstels Aol ohivl, B 3wl A % /1% Welel T@HE RE W
4, #5E, Bt QA2 2
AL EE A2 5o fol tabd P4 aAES HWsttd Agd £ AW, 47 Y 8AEe 47 o
Sol ols) @ASME o frh. 7] FolEL shiel T 82F vE PY SaRYE PHiE 2hom
gAY B3yl del e fel WeRRE dolubd 2 A, Al T4 84t A2 TH 84E P
g 4 AL KA A2 A RaE Al P4 242E 994 4
ol T4 ax7t thE T4 80 '@l YA AR Jrkn AFE Wk, 1 gE 7Y 8
o APHoR Ansel dAY = FEHe Y FE QAW F dE T 820} EAG £E Yok
olsiHlolof & Aol wlel, | T4 axsk G P4 aid "AR AAH ATAY 1A AEH o)
ki AR el Fhe] B T4 847t EASA Bt A0 odHolol & Aol T LaF e
WAE AYsts vE EAE, 5 ~Aole'sh "mkE ~Atolo]" Ei '~ o]ahi'at "~ A7 ol%FE"
= e s s ofof el
B oA AHEE Solt WA 5AF A4 dF A9es] 9l AeE Aowd, B 9y aset o
w7 ot we) BAS B @usl e s 9E @, 250 A% TFOTh B GAANA,
EFHG wE PG 59 gl B wANd AR 54, 4, WA, B4, T4 8k, PRF
o [¢)

_%«
& 4ol

gEsl goEA e W, lEHelAL BEA FolF TFAA o714 AHEHE RE SolEe ¥ wHol
S5 7% Rolold B4 AL 77 Aol os) AvrHow olslHi An FAF onE Adch, Quy
oz AgHE Al Aelslel Qi A3k ge folme wA JlLd B AL ovs dxe: ojng
2= Ao Sasolor s, B AN Bl gelskA g o, ol gHolAY FEstA F4He o
R R R

o, B WAA A¥E EWES Fxsel B ownel QA dEe PA 4Rt ey, SsEe
7 el A dSel s AREAL FHHE AL otk 7 mvle] ANE FAH Fx PEE FAD
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B e,

Eoubgo 29 #Fi(promotion advertisement), 337F4Q F#F$-=A4AA)(spatial crowdsourcing), Hlo]™
vlAI® (viral marketing), E&Q1= Ho]E(blind date) &3 o] A& &&o] JhFsitt. o|sto|A, & &
ol A& 7153k Ay Qo thate] A& g},

T 18 B dlgo] A& 7153 3%~ vE] Avba] 2 (house party scenario)E AW3Elr] 93 m=wolr),

A Mol AlE(James, Emma, Mia, Lucas, Luke, David), ©]& ZtzZte] I+ @]XAE(friend lists), B g
F~(party location)7} Folzl AslolA | Adx(James)E MES ITFES A7 943 32 3E] (house
party)ve— MNESL 7Hse Be AMAE 2dstuxt k. Ald=Janes) = HE] FA2HE 7P 233 AR
So] el A oz e, iy, AdaUames)d IAtE & F H(F, FA(Luke)9t Wlok(Mia))
oli, FA(Luke)w TH FAHEFE ofF W o fX|&rt. ojelg A3elA, FHE ATHor /A3
a, AP=James)= T2 #of(Mia)®] =35 wol Avt(Emma)®t F7+2=(Lucas)E& Z2diE 4 v}, dnt
(Emma) &} F7k2=(Lucas)© AY=(James) o] 77k obdel e Estar, Ag]#Ql <4 (proximity) 3 24g A}
34 ¢ BA(social friendships)®E 213t M2 I47 & = Q).

do g

wowrol A K-z (-8 17 A2 (K Nearest £ Close Friends ( k€-NCH query, ket Lo oAz

H
B BeE AZe 399 A28 UEYL A(GeoN ery)E  Aolgth,  KE-NCF gy
q

Il
—
=
=
S
te

~
~—r
r

)
Ach

AREANE, Aojap) Ue] E-F(L-hop) 75 FolA 7] EE(query point,
Aol A4) Paot 744 e kAo dgolE AAS(data objects)S &+ HoE ngd = u. F,
KEe-NCF g1 (-5 275 3olA Prg 713 oggap) 948 k go) 2756 g3 Fa(Es 44) o
g guis 4 Ak, o714, (=% A7 LA olske A3l AT WA

Example 1. %= 2= KE-NCF gg)o) o o= Awelr] 93k =wolth. 7 7o dolg SuAE

ﬂl‘ﬂ

(ldo.dv. d3, d5, da. ds, and ds})  ma= g29 ashe) A+ k=1 =" AKsocial
constraint) £=2 72 e 40w Az xee(ae q4) Prh rojhe w, ke-NCFx
(search)E AEA<l F7+4 FAF (traditional spatial query)$= ThE 7 d4§ S

g o) G4 wrt 719 zae Poy 2usgn Q09 auyel g qeon. oy =a, 59 d6° dooy
2~ AT} ohiis] Wiolch,

ARE FEe Ae-24 MEDD A2 (GeoN query), % KE-NCF ga2 gojsian,

- kE-NCF 1218 A2)sp] 99 Qo) dudEss Atasin

olr

ARk $Ae) 84S B skl A4 doly A AAl volE Aoz Pgw 49e S

k.



[0038]

[0040]

[0041]

[0042]

[0043]

[0044]

[0046]

ZIHSdl 10-2020-0024074

o]&}o A=, CPM(Conceptual partitioning)®} SGI(Social grid index)E A3 ke-NCF z1210] ojaho]
AABHA Arelr| 2 gt

Conceptual partitioning (CPM)

Fol7l #A7] EAE(query point, A Aol 7 2HE K o) dolg ARES g k-mod o (k-
Nearest Neighbor, K-NN) g} o] Wd d5& At 4d B9k 7F3 A7HUY. o5 % Mouratidis
o b de Ae91 9 7w F aholi CPM(conceptual partitioning)oldl B2l K-NN 7 orgie]
=S 427838 YH(K. Mouratidis, D. Papadias, M. Hadjieleftheriou, Conceptual partitioning: an efficient
method for continuous nearest neighbor monitoring, in: Proceedings of the 2005 ACM SIGMOD
International Conference on Management of Data, ACM, 2005, pp. 634-645.). CPM9] % 7/ldLe AA 8=

(whole grid)E& AE(cells)e F3(set)oZ FAFHE D}%h,f} A719] FAAZGE E(various—sized rectangles)
&3l Aolth(= 39 (a)9t (b) #Fx). AAAEE Wak(direction(up, down, right, or left))d} #|¥

A (level number, T ZALE 3 F2] ¥AE(query point) Paz yaa= 99 A (query cell) €1 A}o]

of EAF= AAZFRe] Aa)e] AR 82 (elenents)o] €ls AR o7, = 3¢ (el Uog L2

f

= 27 e 9 AHA(first up-side) FAIZE I HZ AHAA(third left-side) FAAAHEE
Yehdoh, md, A3 g dm e 2 AAREse £9% A5 A4S ek

k -NN g Q= (k'pq)ﬂ FolHE ), CPME #®e] @ Ex}<(ascending level-order) o AALZE =3 A
59 gA87] 98 wREe A3 A (empty result set) R I} H]o] 9= W-3](empty min-heap) HZ %7
et =, R3 Ho =739, mindist(pq, po)% Pq o g1z QB AE (target object) O (A QB
AEE= AAztg, A, e doly LBAEY H 5 QdF) A Atelo] HA A2 (minimum distance)z}
stu, KNN_dist 2 Ro wis 92k component)st Pa ipeje)  mindisk sz, Hel =gz
(entries) g Mindist o) o=x15202 X8, Falo ta Halst Azewd, (Phe a9} 9= o 9x
“(surromnding) AAg=Uo Do Ro w loye Mo goan. agn, He sam asec)

pud

c33)T AAlE Tt (de-heaped). ojdl, 2MAlE NEZ(S, U-gy& AdEZ])7} Aojw, (P A& XAlsia

(examines) Rz} KNN_dist 2 qiujo|egict. a9 dE=el7h Axztgold, (e AAztge)] 2gse =
= Ay o @] HAZE (next-level rectangle)S Mol Adatt. ol wAEe He dEms} ¢l
g WA i KNN_dist 7} 3129 oo ACes Ase)e Mndist uo zopd w7ix wusow 53

Hoh. 27, P2 ofef S ol &ste] HW-go] AWA AELS WA om AA(H-g) .
~dlEL 7} Ao, A A% (check)

PRSI
WH

—

A= A4 Polw, AA) AA4Pel EFHE AL} FA FPIA b dme] Hx42Y

mlo

Example 2. &= 39| (c)= CPMO] AM & =Algtar, i lol= AA o9 AN W& 1] Aeli(heap state)
7 AR vk, Ae] zAES Paojm Kot 1o18) Agsia. S, e Par zdd A = 99 A o,
& A, dgoR, de Aul=(heap contents)E MiNdiste) o =0 gag P1 299 4 79
271 AANAHE(S, Lo, U, Do, 2 Roolth. caqollis oJwek dlole] 2 B2 E(data object)® EAIEHA 7]
2o A3 H3(result set)S FXIYUTH. teoz L7l tld (de-heaped)® & ¢y 53 cy.7F & (heap)ol

AgEct. dHely 2EAE d7t 319 wbx] A (search) S TAe WAoo @ APATt. (PUS doE A A

_9_
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Arelsbar kKNN_dist = mindist (dp. pq)i

R

v

AT,

kKNN_dist = mindist(do.pq)). a9 ge mindist(Uo, pq)7}_ kNN—diStEE} ﬂﬂ o (A 7]

()2 ¥ 2 Y(large dashed circle)3 HZF) PN UpE HETH(visit). cy.5 WE3I 5 (PN HE &

(final answer), & d& WHebslil(return), oW ZAA}zbol} ojwl Ao Mmindisk: ]<NN—diSt£E‘r 2}
27] wlFoll (22 A UA(small, solid circle)d AXA &) AXE Fadc},
Z 1

Access Heap contents Result

(iteration) (ordered by mindist) (data object)

C3.3 Lo, Uo, Do, Ro ¢

Lo C2.3, Uo, c24, Do, Ro, Ly )

Cos Uo, c2.4, Do, Ro, Ly ¢

Uo C3.4, Co4, Do, Ro, caa, Ly, Us )

Cs.4 24, Do, Ro, caa, L1, Uy ¢

C2,4 Do, Ro, caa, L1, Uy do

Do C32, C2.2, Ro, caa, L1, Uy, Dy do

C3,2 C2.2, Ro, caa, L1, U, Dy d,

Social Grid Index (SGI)

SGI  FZ(Social Grid
relationships)ol] A}&]4
structure)©]tH(C. Shim,

Index structure)® 2= AE(grid cells) Abo]e] &+ A (spatial
#Al(social relationships)E ©sted Y= Z8l= A9~ F2(grid index
W. Kim, W. Heo, S. Yi, C.Y. Dohn, 1-Close range friends query on social grid

index, IEICE Trans. Inf. Syst. 100 (4) (2017) 811-812.). SGIx AEo] X3t% dolg 2HAELE(data

objects)9] X+ IAE

aEstel AEe] AT BAS FYAT. AAY, FAT A(F) = Fold AE)e

23tE o' 2 Jje] dolg LB AEEZ] XFolH AEL2 A A(friend-cell(s))o|t}.

Definition 1 (friend-cell, A7 4. 4 G o] golg onae Vieh 4 9 yol gojy onae

V;
J7}_

: Ci
Aepw, Goop T= 13 A(friend-cells)o|t}.

Observation

1. B
T2 dolE enAESo

Example 3. &= 4= I+

) a
A= (grid cells)o] EAlgth, I+ Ao AHojd wa}, A ¢ o JAF AE2 ¢, ¢, ¢, ¢ B c(FFOZ HA

6= V.5

Aol & LAEth. 9 /9 dHolE SBHAEES(y, WA vy)S = 8 79

g 7t A (vertex, VEV)o] oy euAE(gAN tlgah=(Ael gt UEV oA dlo)

B eHAES % 31}9)) HWaA 24 e (undirected social graph)gl dhar, 7+ 1] (edge) €€E7} )

ol uAE(LEA Alole] AT PAF ka4 ol wal, 4 VYL Vig Vi aee
A

Ueldth, 2= golg eRAEESS S3as F7HEBuclidean space)dld] TE Pve gaws a5 29

_10_
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d(pv;. pv;)

YA= ztar, F3H4<9 A (spatial distance) =2 /9 dHeolg QBAEE(Z AMEE) Alo]d]
#2] 4 ¢l Ael(geographical distance)® 7}e7ich. ma, AT ¥A9] X (friendship degree) (& 1=

Well A 2 A9l dlolg LBAEELE Alo]e] X & (edges B hops)2 FHa /45 e

) ) - 4 ) -
Definition 2 (f-hop friend list, {-& A7 gxE), Vy QV% ob#] =ata] 13} o] Vo] t-F A g
#~E (L -hop friend list)S LJEFATE
T84 1
Ve _ {v/ | Je(v.v) e E} (t=1),
VWU [ Ze@ vy e EAV e Vi T N ) (6> 1),

Example 4. % 5= V0o 3-% A7 2B o2 LA, 72+ A (point T= vertex)wqL 7+ AE(line
B on

A E(data object)2} HlolE] QHAEELE Alo]e] X Ao &3}, <X

s gza, V0o 1§ a7 gaue V1 V2 Vadoy exgmen Vs Vm AFol7] ge) Yoo

segment ¥ edge)S dHlo]

2-F A7 gaEe e Voo 1-F A paEn. 598 Bor, V5o Vie) Ay wsz Qlgke) 3-
F A7 fzEs T xga.

Definition 3 (nearest €-close friend query, H=d (-x8 A7 A)). va4d 28 Z(undirected
graph) b= {V‘E}, A ¥QJE(query point) pq, A AP A (query user) U, 28]l HYE FE A

#7) A% (friendship degree) Lo] Folne w, Hog (-2 a7y g 9= Pa U

F2ehal 29} e v E k3 (return) 3o},

veV, /\ v e Vi\{v} /\ d(pq. pv) < d(pg. Pv)-

Definition 4 (K-nearest {-close friends query, k-z1og L-x9 A7 ). vwekd 292 (undirected
graph) G={V.E} , k-mz9  C-ma 2a7k-Nearest  {Close Friends, k € -NCF) g

q = (Pg u ki é), # E(query point) P4, Az AF&A(query user) U, A} 949 J(the

number of result elements) k, a3 AT BA AE(friendship degree) (o] Folx< o, k——a—;”ﬂ t-x

s ApklNcE) A= o}7y 484 33 e AW @ AE(result  list X result  set)

784 3

vieVy N\ d(pg. py) =d(pg. o) /\ V eVi\R /\ d(pg.v;) =d(pg. V).
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[0064]

[0066]

[0067]

[0069]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

ZIHSd 10-2020-0024074

Example 5. % 5012 U, k 2 o] ztzr Vo 1 9 30 k{NCF A= 714k, 289, A S (query
ansver, Falol & ahe VZot(HAe zaE Plo g 24 -5 27, Ves Pao) 1y 24@ o

ol emAEo}, V6 V0o 3-F 2177} of)7] witolr},

KE-NF 2l Aeish] 9% 2 7kAe] Rage]l At A PEe 1) ZE dojE QHAEES 7} 1)
ol emAES} Folxl A EAE Aboe] Ha Agel MINdIS o) o 2545 (ascending order) 0.2 A H3hi=
sk 2) 7t ol euAETL A AgAe] (- Wyel ¥EEA ohdAg wEHown i
w7 2 BAR Rk old wAES el AeA k e wey enAEse] M gix wEw
o o e AW el BAs dom Sdske Rolth &, 1) AY Agad -F A75S 2 @
2
=

l-% Avsg mindist o) o8 xor HAshe WA FARG. dae Az k) goy o

aEyg, ol#E A WSS 2 AhKe FE BARS 2tk 34, Koh Zo1ehd 2 doly enAEd s
o] 23 # A (scratch, oA 1 Zel|A HA A= A (shortest path computation))Z g mje we (-&

AT ALE FAstlof a, o el Aol I owlH=E WYANE. A, A7 wA R Lo
gkl Z7hgel whel g slolof sh vlolE oM AEEY A5t F7HE A

olatol =, KLNCF A2 A2l 918 Q9] WS e 7] &s)

1. Neighboring cell search(NCS) over CPM

Nesel 8 Ade {-F A7 P2E(-hop friend 1ist)E olg3tel Baad (-F A7 2Abs gars)e
Aoltt, NCSE 7+ dlole] eBAEsL H7] AHgAte] -F A7AA oA Y5 Xﬂi T ATk TT
NCSE v #HFH dlelE] 22 A E(next nearest data object)E HIAo=

partitioning)& ©]-&3%tt},

NCSE diebd e 7t dlolE] eHAE vel FA9l 2w AEHQl HED Fus Aagews ke 7
gle] ZAdE FreEvh. NCSO| Al 9AE A48 i E(social graph)ell y®l 4 BA 7] (breadth-first
traversal method)S 2-&3te] Az Abg= Yo L-5 A7 g ~e(l-hop friend list)S TFE351= Zo|th. o}
S WA= (PUS ol g3dte] A dHlolE eRAEZS AFHow = Folth, mAw AL (-F A3 grE
2 olgste] 7+ A dloly enAES Uel (-5 A7x ohdAZ AAs= o]tk NSe| Al 74
= Tt 2ol aokd = 9l

¢
1) F2 AH&2Hquery user, EE Aojzp) Ue -z A7 gy~ (l-hop friend list) V”% 232

2) A7 A o} Qo) o1hE 4 Ao ANAE (U2 S 4 A9 FAZHEES)S Hlo] 9E(enpty) H-
3] (min—heap) %Oﬂ NS

3) Mol 3win) dEg) €2 F5aa, O8g A3

ol

cesh atorm, Vi g Abgstel € el 2} dlole emaE vl Ue) Lo WA opdAE A

7k AN, AN el meE BE AEN 54T PN e A AP (next level

_12_



[0079]

[0080]

[0081]

[0083]

[0084]

[0086]

[0087]

[0088]

2 S8l 10-2020-0024074
rectangle)S Mo 29

4) B aaEZe] nE Ay AnsS(S, ke 2y He 9 T Ad=)7l gold WA v 3)<

22, W HAA A2 ok A(EE dEe)e) mindist 5} kNN dist wg 2 39 gae Fadd,

A dudFEe % 620 =AH] i, = 6adl =A]F FindCellData() o] FA1A4< dugl&
[e)

Example 6. %= 7014, el Abgxt U, k=z, =2, 9 99 zaEe Piy Zejge w, e Swh(query

list (vig, vi1)

answer )< ot ¥ 25 U$steE ¢ AwlX(heap contents)® #H A (search) WHgo] w}lE A}

£ =A%

¥ 2

Access Heap contents Result
(iteration) (ordered by mindist) (data object)
Cz,2 Lo, Uo, Do, Ro d

Lo Cr2, Uo, c13, Do, Ro, Ly ¢

Ci,2 Uo, c13, Do, Ro, Ln $

Uo C2.3, C1,3, Do, Ro, ¢33, L1, Us ¢

C2.3 c13, Do, Ro, ¢33, L1, Us $

C13 Do, Ro, ¢33, L1, Us ¢

Do C2,1, C1,1, Ro, ¢33, L1, U, Dy $

C21 C11, Ro, ¢33, L1, Uy, Dy ¢

Ci,1 Ro, ¢33, L1, U, Dh Vio

Ro C3.2, €33, €31, L1, U, Di, Ry Vio

C3,3 cs1, L1, U, D1, Ry Vio

C3,1 Li, U, D1, Ry Vio, V7
Ly Co.2, C0.3, Co,1, U1, Di, Ri, cou, Lo Vio, V7
Co,2 0.3, Co,1, Ui, D1, Ry, cou, Lo Vio, Vi1

2. Friend-cell search on SGI(Social Grid Index)

klNcr Aele HAeab] Astel, NeSE 2 dlole] eusEe] (-F A7 g)~ES ogdle] Bhad (-F

P

Ll

T A2 -hop friend computations)S AEFsF 4= olvh, o] w Baa, NCSE e Abeate] (-3 a7
Fal

I st vl B2 o] ASS AAIT(AAN, = 7 AE ey, cpa, R ocow). WERA, A H A (cell

search) ™ T3] A% (performance) S ¢ B} xdst k{-NcF #2] Ae) 7o) A e,

olatel A=, KE-NCF #el2 aeHom Zolar] Hake], FCS(Friend-Cell Search)@h Bl 274 A4 otm
?]& (search algorithm)& A7f3c}. FCS ¥ AZe A5 AL3)Z AAES gste] S a3 (S, A
Wi (cell visits))S s Aot I EAS EAsy] fshe], SGIol didk #7] 34 At (branch-and-

_13_



[0090]

[0091]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0104]
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bound approach)< 23} t}.
Definition 5 ({-hop friend-cell list, (& 27 A g=E) A c7} 2o A ASS 74X Qo co

RE AT A5 md 25 ANe] A7 ASS /M@ dvm Agska oo LF A7 A gaE(Lhep

14
friend-cell list) Ce = ofel & 49} o] AHoH).
T84 4

, {c’lElvinceC/\EIv’ inc’eC/\EIe(v.v’)eE} (e=1),
Ct =
-1 U{c/ |Jvin ¢ e CATV in ¢ C! A Je(w, V) eE} e>1).

Example 7. & 82 9 3-F X+ A HY2E9 dF Z=AETt. Definition 5ol 93, ;9 1-F I+ A g~

(

1

e (€0 €L G G5 Go)opry maslam, 3 o A7 wAZ Ase 2F AT A fxEn

¢

(o, €10 21 €50 C60 C7) o1t fapatol, 3-8 A7 4 22Eol B7} Sopen,

KENer A7k F18E w), FesE 4 A2 AFgAH(query user) Uel b-§ 27 g~Es) U ¥3baies A}

‘/
Cag gyag aa ge rse G 2 g a7 4

S X3eleEA] AR5 IAZYeR AIg). FCSe BE T%
Q3 A HHE(cell visits)S HAAFoEZN Aol &

71wk Fese] g vkt A,

221 A(user cell) Cue] (-7 A7 A gre

o,

(nearest ! -hop friend-cell)o] U¢] t-z 275
o] NCSe| 43 FAlgol= &35k, FCSE &4

==
3 AT AA AT 52 9 F Ak, SGl

<N
1) Ag AHgAHquery user) Ue] -F A7 gxE quJr At A(user cell) Cue] b-F 27 A gl
G

e QA
2) el Alquery cell) o} W& Eels 4 o) AXAFES o W-7(enpty min-heap) Lol 23]
3) Mol s =2 (entry) €5 FZ3tm ok AFE A2

¢
CC u

cer Caol wane aoln, i g olgael € wel 2t dole) onaE i U] LF A7eA ofRg A

=

LTk AN elw, AN el P BE MBI} FUH BPlA o del Aage Hol g

T

4) A2 Axs 2AY Mo deas) gojd brx v 3)S W 3

22, @ OolA Aa" be A(Ee dee)s) mindist 5 kNN_dist no 2 39 14

rlo
of\
mY)
)
o

lﬂ
A
N
o

FCSY %= FE=(pseudo code)= = 9ac] Z=AIEHO] 9lar, = 9ac] Z=AIE MakeFriendCell() <=9 <&
s

Example 8. &= 10& FCSY dE Z=A|3t}, AAYZLE E(squares)S SGI AES Yellar, E3] 48 3 A(light
gray)®] AAZFEEL Agar A Cuel T ASS Yepig, A Apgx U k=2 -2 9 29 zaE

_14_



[0105]

[0107]

[0108]

[0109]

[0111]

[0113]

[0114]

[0116]
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Pas} ol A%, AR Bxample 6.5 ol (VIO Vi) ojg 5 38 2 wale) Aol A Wle nolE
o}
X3

Access Heap contents Result

(iteration) (ordered by mindist) (data object)

Lo ci2, Up, c13, Do, Ro, Ly ¢

Uo c1.3, Do, Ro, ¢33, L1, Un d

Do C2.1, €11, Ro, ¢33, Li, Uy, Dy ¢

C2,1 c1.1, Ro, ¢33, Li, Ur, Di d

C1,1 Ry, ¢33, L1, Ui, Dy Vio

Ro €33, Ca1, L1, U, D1, Ry Vio

Cs.1 Li, U, Di, Ry Vig, V7

Ly Co2, U1, D1, Ry, Lo Vio, V7

Co,2 Ui, D1, Ry, Ly Vi, Vi1

3. Personal-cell Search on SGI
ofml WS Az AgAe] om VTE TFAA SholE BT, FSE AS e AT AR aje] of
Hq8 54 A5 A: AXNAA(prune) @t dAd, KONFE A@g w, FesE BRaed A5 23,

B2, 24 5)g AAIHE 10 F2).

)

Definition 6 (personal-cell, 742 4). klnek 7e) 4 = (k € u Payyp zopge w golm sh}e

gojg 2B AE v(in ¢)o} U7} Mo, A ¢ & ] AbgAE U] 79l A(personal-cell)olth. thA] L3,

4
ue) [-g 277} =g Ase daes (-5 A 4 axeding 2 4 a9

Definition 7 ({-hop personal-cell list, (-3 7jo1 A gl~e). klyr 792 1 = (k, £ u, Pays zo

=
A W, A AgA U wee] ATES 23 4 AT v W AN ATFES 2evka A4S 29w,

=
N
N
ﬁll

uo) (-5 A9l 4 exe lie ges go) gon.

E {CIEII/iHCeC/\Ele(u,v)eE} (e=1),
Pl =
Pg—lu{cmvevj/\au inceCAJe(w,v) EE} > 1).

Example 9. = 112 3-F 710 A 2 2EQ] o& ZA %ttt 7} HAZEE (square)S 23] = Al(grid cell)S U

ERla 2t ZQIEE dlolg ¢HAES et Definition 7o) wt, Yo 1-F A A grEx= (O 6



[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0128]

[0129]

[0130]
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G)olt. warAz, Vast Ve A= st 2-F A A gred To Frpan. =@, 3-

Al A gl nEd Bo] g

2
U
r_‘;‘_h
ol

Lz 749 A grEE ng peS7t B3 A (search) S AL E a17] wio], pesE (-F 217 219

$9 Q5 e F Aok 94, pese Lo L-F A7 PaEe (-F 9 4 glaEE 44T, A A
Z(cell check)E 93+ 7|F(criteria)e] {-F 7}l A gxE9l AL A9stm, b9 7 wASo] FCSEM

1=
) - V42 . ol

D Ag Abgx Ue (-5 23 gjze Yuw -5 7o 4 9j2E 1 e A4

2) A A Yo YUz Bemi= 4 o] ALY EL HoE W-8 (empty min-heap) Hol 3]

3) Mol A ded eg Faetu(es o-geta), ok A A=

B

£
ces} Fuol sy o) Q) apersonal-celol, Vg ojgajel e o 2t wloy emAE vyp Ug

b-% 2794 A=

-e7l AAzigold, € o] BE T AE3 the dde Aazgs He g

4) A7) A7t mzxHAY He dEes} glojd WA @A 3L uE 53

22, @/ 9ol A2D g dEee] Mindist 5 KNN_dist no 2 3¢ gae Fudd,

SGI 7]1%F PCSY] % F=(pseudo code): = 12 EA|H o] gl

Example 10. % 13& PCS9 o2 TAstt. o714, @& 3 (light gray) BAAHELS He AFgAt U9

A A ek, A A Uk =2 £ -2 agw A9 wAE PO} Reine W, A9 Ase
A oo} o] (Y10 Vilyolr}. & Ael=(heap contents)t 7F ©HA Fale] A= ¥ 4o =AE ] ).
#* 4

Access Heap contents Result

(iteration) (ordered by mindist) (data object)

Lo ci.2, Up, c1.3, Do, Ro, Ly ¢

Uo c13, Do, Ro, ¢33, Li, Uy ¢

Do C2.1, C1.1, Ro, ¢33, L1, U, Dy ¢

C11 Ry, cs3, Li, Ui, Dy Vio

Ry cs3, €31, L1, U, D1, Ry Vio

Cs1 Li, Uy, Dy, Ry Vio, V7

Ly coz, U, Di, Ry, Ly Vio, V7

Co,2 U, Di, Ry, Ly Vi, Vi

% 4014, gl Aad AEse U9} mindist 5} KNN_dist | = y,0) mindist ye} 57) wizol Heape]

AEZE Al E76ta A4 HAH S TS F S
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[0132]

[0133]

[0135]

[0136]

[0138]

[0139]

[0141]

[0142]
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Update of SGI(Social Grid Index)

olslol A=, SGI2l 78 Al (update)ol] thate] A&dtct, FAH R, 7|22 o] E(basic update)9} &&% <1
Q AuolE 7|W(efficient index update method)S 93+ X+ 914 wJEZ = (FAM, Friend-Aware Matri

O~
XE TAH R 7|3t

12

1. Basic update

Folyt d¥E(home or work place)9t 2 ZF Ab&2ke] 91X (location) e} ,
ojtk. 1y, AR A HolEH LHAEEL 159 93 EE AT JAE vbE 9 ]
A A= ook dhtt. SGI PHlo]E(SGI update) SU(Social-Update)2} GU(Geo-Update)ES X
o] TAEZ FAHEY. SUE SGL Y ASY I A Zg2EE Julo|Este= 3ola, GUE o
tlolE] LHAES(moving data objects)®] 1Al wal zF Aol F4 QA (elements)F FA 3= ;ﬂo]wﬂr_

Ha“é

E lE 1R guelEd AR dgel TIE SndFS =A@t $4, delg enAE ve o 914

old new
(old(previous) position) by ¢} &2 9 (new(current) position) Py = %713} (initializes). ©]A

cold . chew ~ pold pnew
A(old cell) "V 3} & A(new cell) ~V AAl %7|3t9H(lines 2-3). v & Fv 7} s, o]y

Aol E Udtv—t— vel a4t Addo]E(friend update) ©]t(line 5). SUZ} v MZE Z(new friend)E

ro

1
ks olge, Mze A7 [ v ve g a das W gana, faoa T gy a1

Cl
CILI’EW

T AT A FARE of AdEh(line 6-9). 719 ZF(existing friend) f% 2 A e AL, daElE

Ls

1 /
FoWan aaaciine 100, £ 71 Asiac sees, 2 Aol doje enaese g OV

Cr Clnew N _ ot . ol alio
ob e T AV any Asm & vk om sk, B of wopgle dojE euAEze ATES

Al (traverse)d 27} Ath(lines 12-20).

rlo

piew udt cold
Hhe Pt ep Fvo 7 Aelsirid, olE ek fElelE MR = 1A iEle]E(location update) ©Jvh. TV 9}
chew ) ) ] ) cold chew
vioo7h 58 Tdathd, SGIel oW qjdlo|ER Edaesitt. A o, S v e v 7}

Aolsitim, F ALe gulo]Est A 2Eck(lines 21-22). V7F b2 A Q2 oj%agly] wid, dmelE

Cold Cclnew _
= v RAEH vE st e TV 5 AT, aed,

ZAAETH(lines 23-32).

Example 11. = 15% SGI fdlo]EQ] 5 1A oE A3, = 159 (a) WA (c)= SU9 o(Case 1-3)o]aL
J = 159 (D)+= GUY dl(Case 4)o]aL, &= 159 (e)+= SU GUZF Zd=E GSU(Geo-Social-Update)®] of(Case
5)°|tt.

Case 1904, 2 7|9l dlo]e] @HAEES Yoot Vie] A7 57 weel(%, V0 V1) w Cop G (1
F) AT A gzed Fksa, 1 oga) 0o (1-F) A7 4 gxEe] FrbEh. whEel, Case 2014, Vost
iz o ol 2177 ohds) Wiel O Cleo) A7 M wsmelA AART. Case 3014 EVO VI 4
S E Bratn, Y27} ojde 0o x@se Vool Avelr] wel, s6le) oW FHE BWast,

_17_



[0143]

[0144]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0154]
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e, Case 39 A%, 7 Clo) A7 a4 glasoy AAHQEA A5 AA87] dskel, O we Oy

o] RE HolE LHAES NG Z2EES BA(traverse)d BA7E Ak, Case 49 A =g, Yoyt Fde

A €0 ol A o] Eately] WE (L Ant 0V ofh3] o]F o] Vo= AW, SGIS WAL Basl gt

¢

Case 5914, Q¢ 217 Ase Clx Bozm, Yor ge A%, Qagx Dz)z ozan. g Aojrse
s 7Fdaba 8] 8(costs)o] A & Wwe], Case 59 A9 SGI7F o] AT A glAEEZ WATA o
= ARk 37 o] 2asith. o= &, GI= 2 Yo BE Yoy eHAESe ATSS s}
Andon By Qo a7 A gred gEaAw (e wa g,

5 Mol A4

Ao fAsh 7S
= B atajolo} Ft,

GoletA H&FomH, Sale BE Ao)aEs AT & . 53], dAF A5 A
= e, o]& 913 GU(EE GSU)S SU7F =34 o

2. Update with FAM

vl B dolE eBAES] HIHEA olFstE wo HuloE H|ES Fol= o] Fasdith. HolE 2H A
ESo] b2 AER o]d dnit}, IF A FEEE wl$ vIHEA g (traverse)stolof sk, 1 H]-E-2 w1
L =}, o]2g o] R AA 8o o]&dlr|dE HHEE A b, o= alAddtr] sty FHE(vertices) AF

= .
o] A E(edge)®] AFE 71281 WEG A(natrix, BE) FANS AT},

\/_ \/_ SGIo o&le], Hlo] YA &L

Definition 8 (friend-aware matrix, X+ <X wWEZH X~ e

/
e VICXVIC geg Meg sin o1, Mes gacelencnt) Mot a1 e

(non-empty) 2} A =

9} e A ¢ e AHE(vertices)2 AL S YeERT. MC7} o] 38k 5o <od] AHoHE=
FAM(friend-aware matrix, =+ S1X] mjEg2)o]t},

784 5

m¢ = ‘ {elHvinceC/\Elv’inc’eC/\EIe(v,v’) eE} ‘

FAN-Z 72} AEo] gHolE Hoof at&A] g a&Ao=w AEY F JEF =9Fr. 53], A7 f2EE
(ofl, lines 25-28 in Algorithm 6)2] WHEAQl &Ml (traversal) S &40 =2 =Y ATk, Az, FANZ &
HE 2= (FAM-related operations)< 3 22]x]d SGI ulo]E(original SGI update) oAl 3% 7]
o Zell, FANS FX18tE A2 golsttt. a70d], FAMS o83 SGI dule|Ex v FAH(examination)& ©]&

ate] kENCF 7] AelE nzxay,

4 Ay

CFAN el 2 AHe] faE(elenents)o] 10" olebdl, gsh: AE el ATEA HolH ouAE: gtk

CFAM Ule] 2 ZHe] eaEo] 0" BUp Avkd, ek A5 el A7=Ae dolE eBAES] Aol 2
N =R

EAEkAL, & 16bE = 16a0] A CheckFAM() 3+
13 fARSFARE, FAMO] H]-&Hol A E&%d A

% 16at FANS ©] 83 SGI fHlo]ES] A

I
o] Al daglEs =AE. g ¢da

o
N
e

N

2 WEY. dA(edge)E F7HE wl, o] LdudEFS FANS tigst=E ZF @4d '1'S YIS, 1+
(lines 10-11, 22-23)). AXE 2bA 3t 98te] 34 CheckFAMo] 3%

2
2
-
lo
rhy
e
Ll
fol
o
2
o
ft
N
1
o
N



[0156]

[0158]

[0159]

[0160]

[0161]

[0163]

[0164]

[0165]

[0166]

[0167]
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/

{5
Th(lines 14-15, 24-25). CheckFAMOIA], FAMO] tjS-abs 7t @4 =E lo] ZRAETH(Z, -1 + Me),

Example 12. %= 172 FAMS ©] &3 ulolES] ¢ ol& ZA|ghth. SGI7F EA18taL, 9] 8(Definition 8)ol w
2 Hlo] 9l ok 7+ A(non-empty cell)S Al FAM(ZX2 WjEZ2)S zhett, Vorp Gareg 0z o%

g, Bo 1-% A7 A grEd 27 A7 Ar §A€EA B2 AAstoio} F}. o2 98, /E

4

dlo]E 7% (basic update method)e 3 o] BE dolg oBAE 2 2EES P M(traverse)3dfo]of

)
aag oplact. [Mag g gan 2 MGy g obde Aaw

H] a4
= AMeRE H4A o4 ? 71wzl Agkehs e AEd 1 71y B ad Aoy

E18e ¥ wwel 9 A e o@ A7 A4 gHe] J)% BUEE =AY, ® 18% FEsw, A7 A4
SoR wyE £E Qt AT AN FN0E AL FARAI0), @BAE PRE30), A AL
E st A ool weh, A7 A4 e JUelERQINE U EFY

e FAG, ool U g k W 1 PrEs 29t 298 k ge a7 gx

A= A7) ARgAF7E 4:3F SNS(Social Network Service)E 21]%6}—& SNS A
[e]

rlr
o
N
~
>
oo
b

A7 AN FHA0E k B A7 PrEg FYsm, Fun k gy A7 gaEE ) NS AME 43
g & vk F, o AL NS AWM AT P Au2E ATtE Azt
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[e)

Felol o SHS Agsta, A $HS AREA Yo vk wmE o] Auj(oid), SNS AH)E FAT
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snAEst Ao AY P4 noje) Ha Ay mindisk) o5 Aeow yAY

oF, A AF50)E He degs 5 mindist ) 1y Ao deds FE(EE O-Y)san, oty A
G A, AAdel wet, He degge mindist o) o5 Aoz FAge Y 49, A Aw
(1500 Mo suA dEgg F2(ee O-93 F Aot
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lo,
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by

o
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ol9b= thEAl, dEg €7} AAZFHelE, € e mE AT AS3 08 ge AxztEe Hej arelay,
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ool Al ArE G HA FX(100)E st=do] +4 84, /\ﬁE%]‘ﬂ T4 84, 9/EE =] 74 &
A2 E AXTES] FA4 249 %Eoi TdEE F . dE , AA dEdA] dHE A 2 A 84
E, 9= B9, ZEAA, ZEZ7, ALU(Arithmetic Logic Umt), gxdg A& Z2AA(Digital Signal

Processor), "ol Z7AFE, FPA(Field Programmable array), PLU(Programmable Logic Unit), "}lo|aZZ 2 A
A, = W®l(instruction)S At SHT F e thE oAwd X e} o], st o] W8 HFH &
© 55 53 AFHE ol&ste] 7dE 5 Aok AP FAe & xﬂXﬂ(Operation System, 0S) % 47 &
AA oA FAEE s o] AxEoe] ofEYAolAS FAT F vk, e, A FA= AZE0]

Aol s, deleE M, A%, =24 Z%E] 2 B4 = 3l olsfo] HolE 9sto], A A
SU7E AREEE B R AdWE AR QL G 7 HoFellA 5}69] A && 717 A=, A9 A7
4 09 AHg 24 (Processing Element) 2 EE—E B oo g QA2 ¥ S o 2= 9t} o
Eol, A FAe B Y Z2AA EE shte] ZRAA U e ZEEYHE b4 9ok, ESE,
g X2 M4 (Parallel Processor)9 2, t2 A2 F+4(Processing Configuration)

FF

of Mt Jz rlr lo
vy

dol= AFE T Z1W(Computer Program), iE(Code) W (Instruction), T+ o] F sl o]d9
S XY 9}0“% %5—‘2 g2 FAdES Ay FAAE FAINAY FHHORE Ee AFAHo=
% 9}, /\ALE°1]01 /= dojE=, A A6 ofdte] A A A
7] 9J8te], oW §3e 714, T4 2% (Component), E&]|d x|, 7}
F ujA] e Ax, e AEEHE AS 3(Signal Wave)ol FFH o=,
ATt AZEYoE= HEYIAR dZ4E HFEH A 2" Ao Balyo]A,
Lotk AZEde] H dHolHE sty oo HFE #E Ths 71F v

o lm

o |k

AR el uhE g e DREE FHe Bete] FdE F dE T2od 9y U2 7dsel PRy @
= ks wiAel 7158 & vk, Y] AFH B b viAE Z2a9 99, dold B, dold 72 $¢
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ROM, DVDF & 371% wiA(Optical Media), EFE|Z tlx==A(Floptical Disk)¢} e A7]-F wiA

(Magneto-optical Media), =(ROM), W(RAM), ZA w=mg Sz o Z=zH Ué%‘% AAsta FPE =
W3 FAAE stedo] Ax7F 2R, 2203 PE e o Ao d o TEAAXE 3 EE U4
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EH3
6|Co,6 Ce,6
5
4
3 C33
6 | cos Cé,6
2
1 5
0/Co,0 Ce,0 =
o 1 2 3 4 5 &6 4 ”do/ \
(a) Grid consists of cells - =
3 U1 It )
= q l"
6 |U2 7‘ N |
. U, R, 2 N4 _H
4 U, Ry i
: Lo
2 Li 0| €o0 C6,0
‘Ll b 0o 1 2 3 4 5 6
0 Dz‘_ (¢) Search example (k = 1)
0 1 2 3 4 5 6
(b) Rectangle and query cell
=mY
Ca Ce Ce C7
Vs
sz /%4/
v |
JZ e
v (2
8 1 o3 Vg
Co C1 C2 C3
EH5

¢-hop friend lists of v,

1-hop friend list

(V1,V2,V4)

2-hop friend list

(1, D2, V4, Vs

)

3-hop friend list

(v1,V2,V4,V5,V7)
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D62

Algorithm 1: Neighboring Cell Search.

-
~

Input : ke-NCF query q = (u. k. €, pq)
Output : result list RL

Procedure:
Set result list RL = ¥, mindist-ordered candidate list C£ = @, mindist-ordered min-heap H =0 ;
Set current_hop = 1, kNN_dist = oo;
while current_hop < ¢ do
for each data object v e V! do
for each friend f of v do
| Insert f of v into V;
current_hop = 1+ current_hop;
Insert query cell ¢; and its surrounding four rectangles into H;
while H = ¢ or kKNN_dist < mindist of the first entry of H do
Entry e = pop H;
if e is cell ¢ then
| FindCellData(e);
else // €= a rectangle
for each c in e do
| Insert c with mindist into H;
Insert the next rectangle in the same direction into H;
Insert top-k elements from CL to RL;
return RL;

—_
s

H6b

Algorithm 2: Function FindCellData(cell c).

1

2
3
4
5
6
7

Function FindCellData(cell ¢):
for each data object v in ¢ do
if v e V! then
if kNN_dist = mindist of v then
Insert v with mindist into CL;
if |CL| = k then
| Set kNN_dist = mindist of the kth element of C£;

—_
s

H7

2-hop friend list of u

V7,V10, V11, V18

_24_
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EH8
~hop friend-cell lists of ¢4
1-hop friend-cell list (cg, €1, €2, C5,C6)
2-hop friend-cell list (cg, €1,€2,Cs, €6, C7)
3-hop friend-cell list | (cq, €1, €2, €3,€5,C6,€7)

2

=9,

Algorithm 3: Friend-Cell Search.

Input : ke-NCF query q = (u, k, €, pg), SGI
Output : result list RL

Procedure:
1 Set result list RL = ¥, mindist-ordered candidate list C£ = @, mindist-ordered min-heap H =¥ ;
2 Set current_hop = 1, kNN_dist = oc;
3 while current_hop < ¢ do
4 | for each data object v eV} do
5 for each friend f of v do
6 | Insert f into Vj;
7 current_hop = 1 + current_hop;
8 MakeFriendCell (user cell ¢y, £);
9 if query cell cg € G then
1 | Insert ¢g into #;
1 Insert its surrounding four rectangles into H;
12 while H £ ¢ or kNN_dist < mindist of the first entry of H do

13 Entry e = pop H;

1 | if eis fc then

15 | | FindsCellData(e);

16 else // e= a rectangle
17 for each fcin e do

18 | Insert fc with mindist into ;

19 Insert the next rectangle in the same direction into H;

20 Insert top-k elements from CL to RL;
21 return RL;

EH9%h

Algorithm 4: Function MakeFriendCell(cell ¢, friendship degree ¢).

1 Function MakeFriendCell(cell ¢y, friendship degree ¢):
2 Set cell_hop = 1;

3 while cell_hop < ¢ do

a for each cell c € C} do

5 for each friend-cell fc of ¢ do

6 | Insert fc into Cj;

7 cell_hop =1 + cell_hop;
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2-hop friend list of u

V7,V10, V11, V18

2-hop friend-cell list of c; o

€0,0,€0,2,€1,1,€2,1,€3,1,C4,0,C41

¢—-hop personal-cell lists of u

1-hop personal-cell list (c1:C5:.65)

2-hop personal-cell list (€1, ¢35, Cq,C7)

3-hop personal-cell list | (¢4, ¢3, 5, €6, €7)

>~

EH]12

Algorithm 5: Personal-Cell Search.

Input : ke-NCF query q = (u, k. £, pq), SGI
Output  : result list RL

Procedure:

1 Set result list RL = @, mindist-ordered candidate list CL = @, mindist-ordered min-heap H =0 ;

2 Set current_hop = 1, kNN_dist = oo;

3 while current_hop < ¢ do

4 | for each data object v eV} do

5 for each friend f of v do

6 Insert f into V{;

7 Insert a personal-cell pc covering f into P};
8 current_hop = 1 + current_hop;

9 if query cell cq  P; then

10 | Insert ¢g into ;

1 Insert its surrounding four rectangles into H;

12 while 7 # @ or kNN_dist < mindist of the first entry of 1 do
13 Entry e = pop H:

1 | if e is pc then

15 | FindsCellDatal(e);

16 else

17 for each pc in e do

18 | Insert pc with mindist into H;

19 Insert the next level rectangle in the same direction into H
20 Insert top-k elements from CL to RL;

21 return RL;

// €= a rectangle

v
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2-hop friend list of u

V7,V10, V11, V18

2-hop personal-cell list of u

€0,0,€0,2:€1,1, €31

Algorithm 6: Function BasicUpdate(data object v's update udt,).

1
2
3
4
5
6
&
8
9

10
n
12
13
14
15
16

28

29
30
3

32

Function BasicUpdate (data object V's update udty):

Set p%d = old position of v, pf® = new position of v;

Set ¢4 = a cell covering v at p%d, ¢ = 3 cell covering v at ple";

Set isFriendCell = false;

if udty is friend update then ty plid—piew, cold._ cnew
if udty contains new friend [ then

Insert f into 1's 1-hop friend list V,!;

if cf ¢ Clyoy then 7/ Cliw = 1-hop friend-cell list of cj*

v i
| Insert ¢y into ngm : /1 SU
else // udty contains existing friend f’

Delete [* from Vl};
for each v in cI®™ except 1 do
for cach friend V" of I do
if ¢y = ¢y» then
‘ isFriendCell = true;

break;

if isFriendCell = true then

| break;
if isFriendCell = false then
| Delete ¢ from Cg?'m : /1 SU

else // udty is location update, pdd £ phew
if c9ld = CIEW then

Set Cgﬂm =¢;
Delete v from c4¢ // GU

for each 1V in < do
for each friend V" of 1’ do

; 1

if ¢, ¢Ccﬁﬂ then

‘ Insert ¢, into Cc]g,fﬂ : // su
Insert v into cfI®W ; /! GU
for each friend v of v do
if ¢ ¢ Chaw then

r

| Insert ¢, into Cg{!ew : /7 SU
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EHI5
el | _—eV;
vy vy
Co Cq Co Cq
E _..‘L?l |171
vy Vo
Co Cq Co Cq
{a) Case 1 (SU) (b) Case 2 (SU)
7 e |
e 1 vn = -.U‘i
Vg — U
o
Co £ ¢ Co Cq
oV
Yo ‘H""'*-v o®
Co 2 ¢4 Co v |
(c) Case 3 (SU) (d) Case 4 (G'U)

C eV C [ e [ 58
2 v1. 2 3 2 171' 2 3
| —eT3 Vq
~ .
L |:> //.
\.U,q, '/ eV,
Vo
Cp €1 Co Cq
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=162

Algorithm 7: Function UpdateWithFAM(data object v's update udty).

1 Function UpdateWithFAM(data object v's update udty):

2 | Set pd® = old position of v, pI™ = new position of v;

1 | Set ¢ = 3 cell covering v at p%®, ¢ = a cell covering v at pi?v;

4 | Set Mg = FAM of cfl?, Megew = FAM of cje¥;

s | if ude, is friend update then 17 P, i

6 if udty contains new friend f then

7 Insert f into 1's 1-hop friend list V' ;

8 ifcr ¢ Cclﬁew then // Cg[;,w = 1-hop friend-cell list of W

9 | Insert ¢ into C‘“M : // su

l.:I'Il’.'HI' rl’fﬂV

10 Mnew's element mf}-‘. =T +m(}’ :

1n mg,;m, =1+ mzégw;

12 else // udty contains existing friend f’

1 Delete f’ from V}!;

14 CheckFAM ()™, cp);

15 CheckFAM (cpr. )™ );

16 else // udty is location update, pdd L plew

17 if cJld £ cNeW then

18 Insert v into ¢V ; // GU

19 for each friend v' of v do

20 if ¢,y ¢C} o then

b3l ‘ 1nsertlct; into Cc1*,$f“f : // SU
e g

22 me, =1+mfw :

23 mif,’m =1+ mE:,;’M:

2 CheckFAM (c%? ¢, );

25 CheckFAM (cy. c99);

26 Delete » from ¢ ; /16U

EH16b

Algorithm 8: Function CheckFAM(cell ¢y, cell ¢,»).

1 Function CheckFaM(cell ¢, cell ¢,/):

C €.
v i
2 me = =L4-m
3 | if m =0 then
4 | Delete v from ¢} ; // su
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