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ABSTRACT

With the booming use of smart phones and wearables, the mobile service industry

is also in a thriving development pace. It also causes mobile users’ increasing network

demand. Our question is how to satisfy their network demand, and improve the network
control and planning efficiency at the same time.

The uncertainty of wireless network demand is not only from the spatial and
temporal variations, but also effected by user mobility behavior. The problem is how to
manage and plan the network capacity to satisfy the highly volatile demand. Recent
research has shown that the user mobility can be predicted to a certain degree of
accuracy. For this reason, we propose to build a model of user transition pattern to
describe the user spatial and temporal mobility behavior. With the model built, the
network capacity planning is optimized accordingly.

This research uses statistical data mining techniques to construct the transition

matrix to describe the users’ aggregated mobility behavior. The wireless network
demand series is collected from all users’ daily network activity in hourly basis. The

transition count between each region is also collected by selecting the user activities
observed acrossing two consecutive time intervals, based on which the transition matrix
is estimated. We then develop heuristic aggregation strategies based on clustering
algorithm and optimization techniques, such as hierarchical clustering, k-means, greedy
and genetic algorithms according to performance surrogates and objective functions.
These strategies are then used to improve the efficiency of wireless network resource
planning.

Last, we use the example of base station (BS) control by the radio network control
(RNC) to demonstrate the planning methods proposed by this research though the
proposed method can be also applied in small cells allocation or fog computing resource
allocation problems. The planning quality and the computing efficiency of the
algorithms are also evaluated by comparing the performance among the RNC

allocations planned by the proposed methods and the current allocation plan.

Key word: user mobility behavior, wireless network capacity planning, clustering

algorithm, heuristic algorithm
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® Ji4:F L : Macro data ~ Micro data ~ Location centroid
® i REHEBHK) S F RS U FHPERUN(cW) s FRIERAE
s REER > A dopbdr™
Initialization :
® Pk BAvdn? o 1 WCV £ Trace of P ¥ 7 B f2 4 X gt - 5 &
P RSB EEL T EE A S T m KB A o A PE R TS
ZHRERB AT KBRS T 50 38 P & softconstraint - ¢ i #ie

W EEREIRAI R ORE & FRSPREET LT (GRS

Repeat :
1 EFIAREPEESLTEY CBRETPNURDEBEETRE  REULE
da P E R RAAE R Location centroid it cha k% e &
2 EATHEROEREY O HNRENFERAT BB EITIEREZ B
B3 4eT o

m, =arg mln— ZdISSImllanty( 1)

|I’I’el

# ¢ dissimilarity(r,,r.) 2 aprsgpip -5 B 5 (50) 57 i
R A Ap iR 25 correlation matrix £ &_transition probability & f& o

3 EAF 1l-2.F DA iRk iEE ol "LTP Fvﬁwbé’\]—ﬁb.L k
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444 A FFE ARG 2

BRFF RO A RT FAER BRI LI e - B
EREREFF ISR EFRPIF A REREN AL AT N F S R ARE
ERERGLE N SERIcEl SE N RESCE S ES N YRR Rk S R
B 4T ol
WEEE
Input :

® Ja4:F L Macro data ~ Micro data ~ Location centroid

® i REHEBH(K)  F RS T PRI (%) - * B B

By PR o RS B JragiE s P RS

Initialization :

O i REMES ko LBAI A A ML R |G R

,z&
s

o FER T OREYS TEERR T L EAF R RS ME Plsd S Mo
Repeat :
1 =R I3 EpHA PN 47 Mehp R
20 P AUEA S W AREDA ] o ARRIT P fRenPHE P SRR o AAT
TR B T PR AR
3 e M 1HL I MWD LA WA S BIE BRI
AR R EAFR R B HCE PR A -
4 Rl BLI RES WD A WY Y S BR o HARES
W E RV EFRREINSRERES -
5 ik 34 P chde location centroid chT SSREHEE B $4E W k% 0
25T - BE SR o
6 E4F 1-5.3 1% L i 1 RIEis & b L or i o aciE
BEFEGT 08 T B RNC #1350k g ot o KRB P R R
LE

E/I@ s 1l R L ﬁié %é_i’ﬁ_‘%lj"v ;\‘ °

=i
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Chapter5 g% 3T Ls 47
ARZEHFETREFAT  RT RN ERA L D TREAEES B
Alenz 2 > RNC 2 F RARFI A 78 RA] Kvg % v o
51 FORA TS ET
AEBRZRLTH > TR AT REES T RTR AERFNRRLE
s £ AE ]
RBEFHEZ M APT UERnhia 24 )BT > 2 F R 75 41

I~

%

BEmpRprZI R N2 D H FRLZEZAoTH

A s SRR TR KB S

450000
400000
350000
300000
250000
200000
150000
100000
50000
0
S DO OO OO OO OO OO O O O O O O
Nl N NN N ny NNy NN gy o;nn oy on o
S DO O OO OO DO OO O O O OO
ABRIAIAAIAAIAASIAIASIAARIA AR ]
O A &N MO g W WSO O 0 A NM S WO~ 000 0 A NNM
23933393383 ITad g gdad§yQ Y
o O O C O Q O o C Q0 Q0 O o 0 C Q0 o o o o o o o
IR R R I R R A R A A R = = A= = = A= I = = I = IR = I
o O O O O O O C© C © QO O CQ C C© © O Q © C © © Q Q
S99 9999999999899 9S99SS 89899
O A &N MO g W O~ 0 O O A N M S WL WS 0 0 A NN M
o o o o O o O O O O o =~ o o o &~ A A A = &4 4 4~
Fig.5-1 : Macro data z. % & #c7|
B RITRAOBREH 24T
\’ a2
FFEB AT A GE 4 Appendix2. P T U ILE A v BB N EF R O
L A | = 2 0% * o) e s »E‘,,‘r‘;\
AL E RFANEGT AR o d BT LR Vo EAE RINAT 0L

04:00~06:00 1% ¢ T ddagk m > @ B £ F 204 iz a 13:00~15:00 iz &
F B > 08:00~10:00 2% §_F FTmd $+ P > 15:00 2 14 it T FLe A 0 U o

—rg]ggy;gwiﬁ— TR MEENHREEES B o §FRIFITO A
A- X TRE BT ALBRED > SHRAAL 2 EFHB > S35 ET 7 i
L : HEOPERRA A ER ok B LS & 57 RF & 858D

£ 5] e

3

'

¢ 677
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0.5 0.5
0.4 0.4
0.3 0.3
0.2 I 0.2
0l 0.1
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- N M % W @ ~ ® & O = N Mmoo L= B BT L -~ e s s O A - T -]

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

; (B AP b 5 g 4w ; ! =
L S R 0 13 - AT RGE A BhehT i

Fig.5-2 1 & * F##faj(a)it * ¥ % 7 chy Bhiie ()i * @A henBh i
B¢ Fdhs A v AT S Q)T e RES D) S AT B

EHEL G o IR ARG fE - X AR ot T @ - X
T ke B > H A B (heat map)dc T BlATr e BRIUBR R RS ZF - KX
TORA TR 0 T O RS S RE il ¥ R AR T RS > 2 A E S
Y RATHERDA 0 B GAT RIFIgS-3EHELER 0 2 Bz khw B
A TR T BIFQS3 A T A RIHE I EY B RILR AR DR

;o= 1

£F o4 BB RA ka2

Fig.5-3: + v & # Rl& 4 &L 4R
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B 2 B2t & s A et (D) T B an(h )2 L 49 BH R AT
WA b R Rt AW 4 B 0L
¥k s i _Microdata I #* % 3 F #rif e 2 2 & Macro data > T g @]

H23 Tk e g

Micro data“ER7 27 PR

11:00:00-11:59:59

12:00:00-12:59:59
21:00:00-21:59:59

03:00:00-03:59:59
04:00:00-04:59:59
05:00:00-05:59:59
08:00:00-08:59:5¢

09:00:00-09:59:59
10:00:00-10:59:59
14:00:00-14:59:59
15:00:00-15:59:59
16:00:00-16:59:59
17:00:00-17:59:59
18:00:00-18:59:59
19:00:00-19:59:59
20:00:00-20:59:59
22:00:00-22:59:59

00:00:00-00:59:59
01:00:00-01:59:59
02:00:00-02:59:59
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2 2
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= =
P~ (]
(=] -

Micro data # = = Macro data z. £ &

\.

E)

N
—

v I H ¥ Macrodata § L iR oo iV gk €

RS
=g
W

Vi 2 KR g o F)
e fEdata R g por AFEF AT o
52 RNC 2 g 434 45

A& B 407 RNC 93 RALIA 45 > 78t RNC sz frdlvmat e o f st
R B 5d B 4 TR A2 o BFE R RNC thizFrd - F A~
- EREATEE  REARERB LT o - B4EA 45 R4 RNC #7F phepili

k|

o

N

B4 RNC ek 47 2 316503 8k 2 ¢ R4 RNC ehe 40 ™ B ¢
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Fig.5-4 : RNC » # 3}

A E Fd 7B RNCHRE 7 UHRNC 4 — 2.8 % 2> chfpih fo— A(H ¥ ¢

F4%E) LLLFF B RNC i E PRI § L5280 RNC SRaf R &
RERIL o e b AT RREFRRSDS LT §F LHHED

7 1% RNC st § 8740 9557
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100000
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1 20

Fig.5-5: 7 i RNC 2z 3 fdc7)]
FOUFRAEF T RETPES L > P 7T 238 B o RLERE T Y
B> H¢ RNC117120-119 ¢hg + R B A H iy 2 B & 235 5 - 218
ZRNCFi7 g {HPEm3 N3 g A 5o Fo o d 305 B RNC %t

' 2

B2 H F R UG P I B h % § R 5 132821 (Macro data) £
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73181(Micro data i 3+2. Macro data) i 5 2 {8 efia) s~ P& o T 3 R

*
A
(=
o
o

¥ eb o s 228 RNC 2 B ehf £ 45 4o ™ ) ¢

Fig.5-6 : 7 B RNC z_ & # &L
¥ 128 3 RNC108 ¥] RNC120 e #% #icd 5 B 9 HRY A Bl» 4 63> F 5
B RNC RENFFS S Epb— Az FP AR § {F 0> Vs Rit i &
&R o
REFZEEE D% 4 F8EZE G RRG G AFHE R DOLEEFK
T 4T A
® Macrodata: F 3.1 %7if » 5 24 ] BFT 0 B R 0T fdks|
® Microdata: Fr 3.2 %7k » 5 24 | FFT AR 2 FERZ L B RaA T
w4

® Location centroid : ¥ ® ¥ 0 B R B2 F BB X T ko K

o

Il

FRFEFLEE R RO EFTIE A FHHF RBAY

i (Xiu ' yiu)

Loc, =(x,y,) =" ¥

oY) 273 e r U aigep hgdRaife Ar sds U 4

T‘F?’E?\ﬂﬁ“ X j\"ﬁﬁ,&& Fﬁi"

-

® P EEHIIH(x%) P B k=25% 5 F PRI > BT

N ﬁﬁiﬁ Iﬁ’ti}’”‘ E REP U ﬁu‘ﬁ‘rﬂw K= 25%EE%F-L (& B%'\r' °
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AR Bk o™

® i HRFIE

~

B PR SCV - WCV 2 [Q]l, -~ [IM],
® nE AL
B HARRBN U RFREEE THEEE LT e
ROF AT R B E R LR Y = 487 il 2% A correlation
matrix sk 4o TR T LB IR R A G EE R PR 4P AR %

v FRt b 2 TR R 2 enpEaE o

10

complete ‘
% #E\' I/J»J )'i ;3‘:.1» /.
_..//
as "//
_../'
/
5 > /'III
I
//
-
-~ _//
£ ) v
i level A;\ %3: == ﬁt

Fig.5-7 : = & linkage 1.5 % +“ &
TR A S RAEAP R R CHERRE A A
P g A AR IR o
B X £ ! correlation matrix ~ transition probability
® Kw®FHRY 2
B hefEA T 0T 1 > 5 (km)
B % £ 5% : correlation matrix ~ transition probability
® ATFwERYCE
B pisdk: SCV WOV # Q) - M),

B3 RE 40 B
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B e i AT5% A E R AN 19 B R4 A

B R 5% A nE S RBAN LB A

B 2 P50t o d A2 o R 50K 5 e
B joaciE 0 0.00001 0 PRS0 fcie £ EE] 3t BelE T ik o

B P {308 0 Weighted-average CV »

EHRRRE 2R T TG Rl T - SRR
A5 51 )
53 AT LR LR
A& Pk A LD macro data £ micro data 2 = 2. macro data & & 7L B W e

RG22 3 RARP K A day 4k o 0 E & Rgs RNC 20t

TRBLFE2Z R LR
BRI R R E UK B > L HEZ BRRERT RES 0 L RB R OE
HELHVR o d T2 KRBT U RRFEAEF RAREELI R L T UHE
¥Rk Y H BB R )
Input: macro data and micro data
® pH {2 pESdk i Weighted-average CV

® G AFI 2 0 p ik i Simple-average CV

® FHHH ok |Q

o USRS heki M

® AR 2 T R EEE S correlation matrix

® fERGRHICE R EEA S transition matrix

® A NARAIC 2 B EEIE S transition count

0 KWL 2 B L£:FEHE L correlation matrix

® KW®REHLI 2 B EL£:EH 5 transition matrix

® K W®EHY 2 F L:EW 5 transition count

® ATFERYISE P ES#k i Weighted-average CV
® ATFFERLIS £ p ki Simple-average CV
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o AFWEARA 0 Haes|q

M.

Zt'\r‘]/ﬁ—?—r Lﬁ.»ij ’]‘E \.l:ﬁ'{,—,\

FwmE £ 2 Appendix 3.
Input: micro generated macro data and micro data
® FiAAI 0 opEadk i Weighted-average CV

® FH Iz p RSkl Simple-average CV

® FAHNMA P ek |

® JFHNRFEPIFIEKS HMH
FE R FCARA 02 1 ROEE 8 5 correlation matrix
PR RSS2 02 0 BEE 5 5 transition matrix
PR SCALAI 0 1 R EE 8 5 transition count

correlation matrix

Wi

KE®R#EHRE 2 BREER

transition matrix

ETIS

K% &BHR4)> 2 0 B £:1538 5 transition count

°

°

°

°

® KwuEERE>:2: I REEA
°

® A TFlwERE 1 pESdici Weighted-average CV
°

A FFE A2 0 p S8 s Simple-average CV

o ATwEA b ks Q]
o ATWEaHc i pipaks M

F w4 L Appendix 4. - j£_Appendix 3. ~ Appendix 4.¥ BLZ T IR %
® KFFEIIBMAHZEHRHFFRIFERFENT RAHERELIRRF L 35
Righzahg it v ARG > F I REFASHR M F
FREMD K-
® FENARPEY > R EEI L correlation matrix pF oo F R#cs|E G £ ¢ o

PE SRy E FURE TE 2 f B P RNC PRZZ‘%%]



Fhe T KB REY SHF 22 ez g m K o

® ATFLFERLIGEAK B REAESE AR WCV & SCV 71U
R M FARE g A EB e G | 2 |M &Ry
A2 AR B A A constraints ehBE T i 1R 2 ek R L T
PO D] {4 enfiE o

@ HEFTRRDATALAGRE FHUFRTHEZIBLRRARELELACEY

% A RERFROFHARESG L FRFEAACESDLEY B A KT Sy

B AL mIRenF AL 47 o fIF AFEF 23 e (7 small cells ehfe & R3] -
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97

%ot id b R E(WCY, SCV,‘QHF ,“M“F) R RFELZR(FR) LRI AR
Input: macro data and micro data
Pikddics REEFEHEH WCV SCV HQHF HW‘F Capacity StDev
Greedy |WCV 0.32696762 0.312158396 0.310704539 190870.7027 54521.14229
SCV 0.3330435 0.301943066 0.282434878 198307.1505 59728.28705
9. 0.35164881 0.324178887 0.236949394 147271.3534 43702.05401
M. 0.3488864 0.333879499 0.255718886 121842.3505 52284.5876
Hierarchical |correlation matrix 0.33407133 0.331342967 0.283404349 139931.4468 8988.532091
transition matrix 0.37037002 0.347970326 0.201833876 109728.7552 58180.72978
transition count 0.36520527 0.347756573 0.290029387 111374.9402 61491.47656
K-region |correlation matrix 0.34225942 0.33141316 0.24139964 151563.6844 44787.55164
transition matrix 0.35049293 0.346474576 0.232596522 130952.9089 42879.70832
transition count 0.34969333 0.340720342 0.231595575 128367.9983 35690.45189
GA  |wcv 0.31889433 0.315391747 0.336074766 1764327784 36451.27228
scv 0.32460012 0.314089997 0.30033133 159273.5683 24684.17512
9. 0.32509976 0.320274349 0.285858937 150057.5224 20807.97823
M. 0.32988054 0.328777816 0.285524981 140426.739%4 15130.80386

Table 6 : # F 23] % 1% A& macro data ¥2 micro data 2_ % % " §iz
Wt B7 UFRAFUTERBIZH T WG RYR b b5 (3 59 2R) B FHZ2(2F 8 ANRYZ? » RS
FEHLEHBELR S TET L KB R B A S AL KRR B EL AL B Rk RTRL T

(network capacity) - ¥ 0z 3 R FF K VR B2 ¢ o B & i 38 & correlation matrix 0 B & 4 T o e o i o



144

Input: micro generated macro data and micro data

P B AETER WCV scV Q. M. Capacity StDev
Greedy |WCV 0.332922676 0.320408423 0.452458514 158861.4 56288.74327
scv 0.3334677 0.296457227 0.304644388 207656.3 55731.72917
HQHF 0.35164881 0.324178887 0.236949394 147271.4 43702.05401
HI\V/IHF 0.350277218 0.329107129 0.244466123 123605.4 49088.01959
Hierarchical |correlation matrix 0.346013923 0.33005612 0.297034835 182594.3 40494.0691
transition matrix 0.368631054 0.346702734 0.205267679 119537.1 52518.58426
transition count 0.350359695 0.362325929 0.291957594 124656.6 59523.38827
K-region |correlation matrix 0.34639755 0.340377863 0.237811059 140341.4 40673.59028
transition matrix 0.350335064 0.346269387 0.237038035 136549.2 41189.86126
transition count 0.344183731 0.336012251 0.237722333 137259 41476.66052
GA  |WCV 0.319426425 0.320909917 0.29586329 145444.9 20179.14819
scv 0.323138351 0.318281836 0.292692681 1537375 26034.33514
HQHF 0.326930378 0.320141879 0.286010115 136229.4 17780.38311
HI\?IHF 0.32432923 0.325108709 0.2957122 136866.1 15408.44769

Table 7 : % F #L3] % 1% A& micro data f# 3* 2. macro data £2 micro data 2. % % \* §i&
TR R0 WOV 2 bl g e A B A R B(eF o F 4 ARG R PRI RO BT TR UES
3

ARl % ) FFA R > B EE L ocorrelation matrix ffg X ek T A 4o WIRAAF 0 F oA A TR R ARG

A
W
—=\
=
=
¢
/F*}

E"fj%\» EFL °



1%

oot A AR (7

fy . N e U A

B2 fH

=N ‘;F‘:

“ﬁr'F' Aty R E

@R IR

‘f'm1§ ]ﬁ#

6 hp fRiE -

P~ B EEIEEH |Process Time(s)
Greedy |WCV 12.935
SCV 11.804
d,
M\F 83.207
Hierarchical |correlation matrix 30.984
transition matrix 36.613
transition count 40.356
K-region |correlation matrix 7.317
transition matrix 8.415
transition count 7.217
GA WCV 136.576
SCV 112.448
HQHF 116.982
HMHF 132,515
Table 8 : # R Kok 2 23N F 7% B

L7050 F A Ut e T U F I K B R ciE B P B

By o FIT R L EARRE A B SRS E R AT E R

ik FIEF G E

TEIERFANL AT

KWEARP o j”grﬁy‘ﬁ B R



1%

7 R K% & day 4 gk

P 3.
‘:‘—L“% LL-&{Z\' .

Input: macro data and micro data

WCV scv HQHF

Greedy |WCV 0.267447697 0.248592 0.311763695
scv 0.272975953 0.236685 0.2821788
HQHF 0.285270581 0.267631 0.237943707
HMHF 0.283072337 0.284057 0.260545404
Hierarchical [correlation matrix 0.278615495 0.256679 0.309769058
transition matrix 0.304277431 0.27533 0.190885925
transition count 0.299979855 0.283625 0.275310548
K-region |correlation matrix 0.285409942 0.275015 0.239636157
transition matrix 0.2921072 0.285488 0.233469363
transition count 0.295405088 0.292218 0.231864999
GA WCV 0.2604309 0.251993 0.327638524
scv 0.266278552 0.253102 0.29782704
HQHF 0.26928978 0.263075 0.284220289
HI\?IH 0.270053126 0.271509 0.285296454

Table 9 : Day 4 » macro data £2 micro data 2 % % +* #&

LR AL F PR R 0 Bk 10 44 Table 6 £ 8 53 <



B Rds RNC 2t i

B4 RNC 2. p {518 :
® WCV :0.41267238
® SCV :0.414566221

o HQHF : 0.26362992724

o HI\?IHF : 131304.4009

®  Capacity standard deviation : 50086.6136
¥tA Table 60 W U F R I S H CV R Y iF R > VL § R IER A DRSS
TRELF > B B ia o AB SRR transition matrix of
transition count 3 i o e E 4ok BE R PR CV T % g 0 2RV L kIp K BB
i% e VR & $E 5% correlation matrix ~ transition matrix £ transition count s3] >
ERE B IR

A M.

RNC 0.41267238 0.414566221 0.26362992724  131304.4009

Greedy WCV |0.32696762  0.312158 0310704539 190870+
SCV 0.3330435  0.301943 02824348748 19830+2

HQH 0.35164881  0.324179 0.236949394 1472714

H |\7|HF 0.3488864  0.333879 0.255718886 121842.4

Hierarchical Coggifitj(on 0.33407133  0.331343  0.283404349 1399314
ransition | 37037002 0.34797  0.201833876 109728.8
matrix
”"ﬁjﬂt"” 0.36520527  0.347757  0.290029387 111374.9

Kregion | MO 1034005042 0331413 024139964 1515637
”‘:‘n”:tirtiig” 0.35049293  0.346475  0.232596522  130952.9

47



transition

0.34969333  0.34072 0.231595575 128368
count
GA WCV |0.31889433  0.315392 0-3360+4766 1764328
SCV 0.32460012  0.31409 0-30033133 1592736

Il |o32500976 0320274  o.2ssesesaz 1500575

[M|. |o.32088054 0328778  o2sssaaver 1404267

g R ke RNC e & i@ # %‘ﬁﬁﬁzﬁf ¢ - ikl Wk P& 0 F
HARYZZ 4 WCV - SCV hi e R 7 p e’ M Rirg B EH T
Fe & sV 2 EH correlation matrix 07 383 7 hedgpdp 5 AL FE B ARG E o

LIF R F AT R K R A AR A % B 0E L R o ik o

48



d R R A E AR ek )

@ ATLFEZENERERE vk LAESAFE R DR
BF 5 GA Al B p RSB Ep Rz PR E R 2@ i
LS o B A E R R 1 RNC #248 o F Adge e Aty s s
ZEE S SR VR E AV =

® FHZEPFRNGERG F gk 48P S8k Weighted-average

EAAED RS BR S gt @ * correlation matrix B & Kk eh
(4 Rt iMEgE Lot |+ o ¢ F IR 5 o transition
probability f* &4+ % %

@ K ®R¥FZhaxmk AR @325 70 A% LR 7R 5
Pechio BRp R N AL TN BT RS TREEFEE Y oY
B F EERIEREE » R R otk w i S fRERE T
(LR 2 FE

T OVERT 0 AR A G iRk TERRET KREPZEFF IR KK

4l o o HF B R > ¥ R P 4] Weighted-average CV 2
|loff-diagonal of P||. = " > * {25 W ken¥E > HEHw - ity

F A dE o A 2 TR RNC gzt Fen- B2 o
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54 RRAPRFTRARESE

A K R3]0 > B A 5 transition matrix 5 0i& 7 {8 § h i s

fe -

THEEL G RFTRAS L
i EIR S
X12X11X6X20X21X32X31X42 82252
X14X13X15X23X24X22X25XTX16X8X9X10X5 | 131528
X27X26X29X28X18X17X19X4X3X2X30X1 90297
X40X39X43X35X34X37X33X38 82598
X46X45 21007
X41X48X36X49X44 33066
Xa7 15969

Table 10 : K % #2412 /2 : transition matrix 2 & 4 i F iR & fie
14 W Fig6-10 ¥ B RA r EHEE PHB L AR FH L LA

B RE A SE AT R EREN RRA%S B TP AR
RNC +# 32 é#;\’?ﬁﬁﬁﬁﬁﬁﬁﬁﬁg%*ﬁﬁﬁﬁsﬁmﬁwoﬁj;
d RBEEI REY > HZREA TR wap s AT P R

TR OB EE > B R ERERTR(GA % RNC ™ A8 5 power & £.7 #)

50



Chapter6 % %3it#%

61 BEA{rEER

Bd BRG] AETRERL R ERPRY CHORE S 2R

PRBERART AT G N RIRE DTGB G AT PRI ST I
2 EIL 0 g R @ﬁm**l#—W“i*%“&@%ii i B
R PR P RN P BRI A TR R R A
PR AR TR AP e RPN hBE o TP R Al AR ST U BAp
LIl Y s orkdpE o A FRIH R 2 o

TRAE > UEI|P e
62 A kAY

AFE e - BRG] Z A 0 KR F - BRREEEDEL R
FRRg i RE > ALHR Y F OB EHT g+ PR PR
B 2P ERVUP B omi o VAL HRRELOME > AT

T2 AT W st small cell chiepepe ® § 7 0 A A& - B hot spot £ ¥

EARAGE F o BRI RALPTRNZE A RPRBE R A1 TSR
PR OERF S ZREREG PR OITRERER DAL A IR T
fog computing ehZE e 2 D@ F - B - BERE S PR 5L S AT 2
WA F R EF A REY i a2 FABEI RO RE . AT T LY A fog
node % fr % 3 cPfe ¥ &I;rihigg Google loon project # » # i ed 3 B

BB > I F KRR ZEI R ORERT IR E TR o
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APPENDIX
Appendix 1. #&# < &F & 3 2
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Appendix 2. # e PFET el g o H

TR E FREET RERE T RAFEA  BY 2 RE LA T RAE(L D #K
[% 5 % ] (0.01km?))~ > 205 %4 ® 42> 10 3 20> Fd FH/ |30 5. H 2%

Yo T R Aron ol

54



00:00~01:00 01:00~02:00 02:00~03:00 03:00~04:00

o

04:00~05:00 05:00~06:00 06:00~07:00 07:00~08:00

08:00~09:00 09:00~10:00 11:00~12:00

13:00~14:00 14:00~15:00 15:00~16:00
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Appendix 3. Macro data and micro data 2. #.3] i 9% 2% %

Input: macro data and micro data
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Greedy: Norm of off-diagonal N, Demand series
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® AR NARA|GE D E E£:E I 5 correlation matrix

Hierarchical: correlation, Demand Series
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Pe R SN 2LE) 3 2 0 B L 3E 5 transition matrix

Hierarchical: transition matrix, Demand series
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BAA 2 0E ¢ B £ E 5 S correlation matrix

K-regions: correlation, Demand series
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® K EREBHI > 2 B LiER S transition matrix

K-regions: transition matrix, Demand series
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BAA 2 C B L E 5 L transition count

K-regions: transition count, Demand series
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GA: WCV, Demand series
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® HTlwE Ay P &0 $c s Simple-average CV

GA: SCV, Demand series
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GA: Norm of off-diagonal of transition count, Demand series
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Appendix 4. Micro data % 3#-2. macro data and micro data 2.

Micro, Greedy: WCV, Demand series
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Fig.6-16 : Microdata ™ g 4 s\ 4412 2 : WCV
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FA A2 0 p RSk s Simple-average CV

Micro, Greedy: SCV, Demand series
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Micro, Greedy: Norm of off-diagonal of P, Demand series
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Micro, Greedy: Norm of off-diagonal of N, Demand series
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FE R A3 : B £ iE 3 5 correlation matrix

Micro, Hierarchical: correlation matrix, Demand series
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Fig.6-20 : Micro data ™ Fi# & 3% 2% > /% : correlation matrix
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Pe R sV23) 3 02 L B S IE L transition matrix

Micro, Hierarchical: transition matrix, Demand series
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Fig.6-21 : Micro data ™ Fi# & 3% 23] /% : transition matrix
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Micro, Hierarchical: transition count, Demand series
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Fig.6-22 : Micro data ™ f# & 3% 24| > ;= : transition count
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Micro, K-region: correlation matrix, Demand series
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Fig.6-23 : Micro data © K % # 44| ;* : correlation matrix
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K% 238322 ¢ B £:E3 % transition matrix

Micro, K-region: transition matrix, Demand series
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Fig.6-24 : Micro data & K % #* 24| ;2 : transition matrix
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Micro, K-regions: transition count, Demand series
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Fig.6-25 : Micro data & K % 3 2%] = ;2 : transition count
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Micro, GA: WCV, Demand series
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Fig.6-26 : Micro data ™ # Fli% & s3] ;2 1 WCV
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