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ABSTRACT

With the popularization of 4G wireless technology, the traffic of wireless base
station continues to increase. As the infrastructure of wireless network, it is very
important to analyze the static and dynamic characteristics of base station traffic and
excavate the evolving mode of base station traffic for the formulation of operation
scheme and reasonable configuration of parameters of base station. At present, the
existing measurement and model work focuses on the rule of traffic change in short time
granularity (such as minute, hour, day). So far, there is no accurate measurement and
pattern mining results of traffic change in a long time scale (such as one year) for urban
base stations.

Therefore, based on the traffic data of a large Chinese wireless network operator in
a large city's base station network, this paper observes and measures the static and
dynamic characteristics of base station traffic of more than 7,000 base stations in
monthly units for one year, and clusters, analyses and predicts the time-varying patterns
of base station traffic. The contributions of this paper are as follows:

(1) A new clustering method for base station traffic evolution pattern is proposed.
The method is based on the ranking sequence of the monthly total traffic value of the
base station in one year. The experimental results on our data set show that this method
can describe the fluctuation of waveform in short time series (without periodicity), and
get clustering results that are easier to understand than traditional methods.

(2) Based on this clustering method, we conducted a large-scale clustering analysis
on the traffic evolution modes of more than 7,000 base stations of operators, and
obtained six typical base station traffic evolution modes. The most important one covers
38.6% of the base stations, which is characterized by an overall upward trend of traffic,
peaking in November and falling to a low in February next year. Other modes include
"Spring Festival returns home" and "Double 11" e-commerce shopping mode.
Combining with the characteristics of the city, we explain the reasons for the formation
of various modes. These findings provide useful guidance for operators to master the
rules of traffic evolution of their base stations.

(3) A base station mode prediction method based on the location and address
semantics information of the base station is proposed to predict the traffic mode of a

new base station. Because the initial information of the new base station is very little
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and the prediction is difficult, we innovatively introduce the base station semantic label
information into the base station traffic mode prediction. The experimental results show
that the Fl-score of the prediction model is improved by 5% by adding base station
word vector representation, and the prediction accuracy of the two models is higher.

The analysis results of large-scale actual base station network traffic have
important practical value for network operators. The long-term traffic change model,
clustering algorithm and prediction algorithm proposed in this paper are universal and
can be applied to similar application scenarios. They have important theoretical value
and practical significance.

Figure 20, table 8, reference 43.

KEYWORDS: Network measurement; pattern mining; pattern prediction; machine

learning
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H55, J1— 5 K ENM S HE 2 5 8 M g AL I it
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HUE VA . SCRFEEAE S MR 2 F

SCREEE TR A
support (A=>B) =P (AUB) (2-1)

BEERTHE A
confidence (A=>B) =P(B|A)= support(AUB)/support(A) (2-2)

LSRN Pt R o 2 O NI S SE | s VR LI o8 1 RN D W QAR E P L 2w vt N E iR et 1 11%
e E R, RO ARE T ER. Oy 7RI, ATRT B B AL
R AT IS4 . AT AR 3K Top-K #705F

23 HFFS

PLER 52 ST RN SR G A R A0 7T, B IR R TSR AR GRS SURE 2
A B AR T LR 2 RPAT R E AR ST - HLAR 52 2 SR I GREtE rp 22 2] M ok
THEALE AR, AR NABE B PATE S PR 2 M IR 5. HATHL
WA N, Bl ANRRBIEOR . B ANBREOREE . HLEsE > H T E
B =RRIE: W] AR E A ISRl 2 2] o T T AT A B SRR A Ry s DL
P& e B

(1) MBI R SRS TIREEE . BdEM bl Dgal v Aoy sk
BRI ESEETE, Gl —FEANRIARZE AT A JI B oo B I PIMES: o
AN AR WA RS IR AR 08 S THE, IFHEA
FIbRZEAE S, AWk BB S 8 R A iR I I 0 SRR IR 1) 3 SR 2
TR s R4 ERAES T 5oRMESARKE, BAEFSEERE L
“HRIEIR” . 7 AR S5 2 2] RS RN B RIA A S xS, (E2[RIH
TESS RES P AW I BUE A R . Hamid i 22 S 5 LRRAUE B, BATREWS AR I 7 R
RIVRRA ARG AR LRI s Fh2 ) .

(2) T B A R AL s B BT 2 o DS AR I B B B R S XA
R AL I DA B TG M B 2 S SRR AL A R R I A A B o A 1 A A 6 R AR RE AT 55
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S ST 1 R AR R A4 1 NSRAE 22 ST MR I AR R L A
IS [ MG 2 ST S5, T T BA DR fi] B 2 25 P Bk ) B A B B 5 0

23.1 K-NN &%

K-NN FyE R TE 4= FR /& k-NearestNeighbor, H XX A FR2E K im2HEE, 2—MHT
rRMEEEA BBV 5. BN FE AR MR FEEH S e
I K ANFEARPZE g, RN XA AR B A Z 0 I RHIE. K-NN HiEAMHE
AT LAZ 50 AT S5 R ] A2 5 [BIAAESS, 2 T3 SR A SIS ) B AR JE AR A 1 2 1) ok
€, [FIN A AR EREARRHEE, W SR BT &1 & A R AR AT IR, 4k
RERS 13 BIFEA RFAE[NAE . K-NN FRE SO 2008 10 )R S a5 i BURe, 1 e TER
WD FIREAEL N, IR A ES . AELME ] 40 B 1 R i & A K-NN Bk Ak
P, K-NN EyE RGP R .

1. e R BB E i R AE
THE HARFEAR HAR I A I BE & distances
733 H AT K A QR A P ) e K R B max;

# distance<max, FIZIIZEFEA N K-Nearest Neighbor £ ;
HE 2. 3. 4, WA RIFEAIFH R
411 K- Nearest Neighbor 4% HH %2565 5 1) H ILIREL
7. SEAREFEARFRICHN 6 T H IR e K ZEAR 5 .
LR RS AREIITSEINGR, WA 5.
FOERIER S BIOEATR EZHAT KREN TR, DNREAZ SRR SRR B B AR .

A

2.32 K-Means B

K-Means H5 P 3C 4 PR e K EF, &M TREN LR ENGZIHE. &
IR LB AR EREARABELE R LG A B R BT AR fTH 5 S 0046 s B
B, PR m Bogs Bl AR RAE N 2K 2 milld TSR SR O
R AR, —EHIERE RIS EAGEREAT

K-Means 55975 v fi B B0 BROZ W46 B B 1B B . T8 0 A Y B0 7 VR AR AE AR AR i T B
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SRR R BN IAE G AT LR A AR R L, R AN 0 H A R
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BEMLIE, CRUEAILR BT 0o B A A2 H i Hh o 40 HIOT SR 1Y, AR M IR A B Re 2 A AT fig iz Y
B BSHE

FEAN k-means FVEAZLT

1 EE K DMWILEFG (NI cluster)

2. BB WEMEAR, 1RSSR BTL, R R AER IO BT N

] cluster EFTTTE k A cluser XT3 f 5T s

3. W HEOATRAETN.

X T BR PG 2 ) A A B s, 3@ % LASF 7 3% 22 A1 (sum of the squared error, SSE)/E A%
FITHFRREL, Rt 8 AN A SRR R R a4 -

SSE:ji Y. dist(x,c,) (2-3)

K-Means SEHIP0 A2 FIRRO AR AL aR . SR B SR Z AR IS8
K-Means SRR s 2 K AEMEIAEEHR, QS R RE1S 21 = & e DU
Xt R 7 2 S A ) e SRR ASCR AN EE

2.33 XGBoost Bx

XGBoost LR TE 4 FR /& Xtreme Gradient Boosting, P S 44 FR e A i 156 7 $2 - 5L
s & Fha] LUK I 47 1 Boosting ™48 iRk . BVAMIEABARZ: % TS+
ANWTH TS IR, (RIS AN B RO AT 4R A1 7 BER A K — AR . RS in—AM 0, H a2
S —ANE R A, A BRI AR . YIRATENZREF IS K MG, 2GS
FEAR =08, 0 B o B R R AR A R IE Y& AE BT B B B A i e —
A, B AR A ) TS

XGBoost #& H BT IIZRE FE . RO IRV ) Bk —, EREE =
PP T AMBE B ST XGBoost i K L& HFAT 104, JRL IR 72 Boosting 5K 1) 4f
UG RTHRTHEART Z BT B S5 IR, Ll — PR AT 454, {H72 XGBoost T IR fif Tk
T, EAEMES IR Bt A 7 R U S R AT HRAE, RIS SRR S A
4334 S e BT SRR BRI 3 2. XGBoost H 54— KA fE SR R AL EE . 246
KRB FEAFFESR AT, B 2 BRUCKE BRI 7 B3N i, B 21 ik 2 4 1
R R, BT R RO R A A B A 1A R, R RS R
W, RAEEE B MR — 17 A

XGBoost BEAYRF i AFE LT
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(1) A2 EP LG s BN, SRS

(2) HbseREn] BE X RS H bR B B ol SRR

(3) WES AL, Early Stopping®®T: T RAR 4 i 2 A1 {52 1E A IR I 25
(4) FEABUE H5E S AEARIE B S8 g M S8 h, @R E L
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234 LREX

LR BLRI9E 3 4 FR 42 Logistic Regression, WA @@ RIHE L, & —MHET
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LR FyER—Mdpsisy, (B2 DL —p st 2 0K Thae. 55— Fhsk
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AR RN ) H bR R H o
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Horb Xi NFEARRDINME, Yi A N ERIARZAE, W 284 Xi BIAGE, b 2% Xi
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LR BUERIZIRBI IS, IERENS A B L bR . i B 3 5 2 (0 R TA 4
DBSCANB®,

242 FRENEN AL

FERE NI 2 Jo FRATT 75 B AL (12 A B 1 HEAT PRAS , X 75 2 DI S ml AT B Al o
J7ik, RN IS A FE R AR TRV R AR . T8 RA TSRS A R AR 55 ik tHiE &
AR Tabr. BRITPIN TG40 FvEh fes:

(1) XFREIFES: RMSECEAIRIRZE). MAE CPHZE%TiR%E) « MSECF
"Z). Coefficient of determination”! (i 7€ R %)

(2) XFrHRMESS: K. AR, K, F{E. ROC-AUC . JIFEHEFE. PRC.

(3) MTEREAES: ZHEIBH0Y. HER. BRE AR

FESCRBATE S AN B R 2 A& PR AR AR, d5cfa T 18 e it e =R
B, P DU 2 2 R A . X LR R 1 Ul B 1 A2 3 S AR AE DA £ B i ) = 0k
W5, FRATICSR T DRSO H IR S 3807 AidE: TP (True Positive), # IERTRMI Y
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¥ MM IEZRIIFEASL. TN (True Negative), ¥ 7T MR IIREAS, F TR
TA TG = Ao A B &R 48R, Bk

(1) FERBAGERL: X2 AR5 T F A R RE [ 48, BRRTTRLA T =
SRS UL T 2 5 K45 . Bl B RS 75 R RIIFEAR 5 A AT L
i, MRS FENIAE S, R RIEFFEAS 5 BT FEAR I EL . EATT R 1 7 R B AK 1) 41
FHH . XFPAN 7 RSB — @ sk, RIFESORE SR AN I 15 50 T X 432K 68 7
FIVEAN FHAE W . BIanE I 438w 8. BIE 10 NERM 1 AET, IBAkTA F
AH 53 S B SR HRS FE A2 10/(10+1) = 90.9%1H A& A THIE X 73 FE 28 1 73 R BE 1 & AN
i)

(2) FE#a3 (Precision) : AIRH IR HE NIEMFEA T B IER IEFEAR L E,
BIHE 73 K N IERI T A AT 2 /DR BIER IEREA. HEARXT:
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(2-5)

TP+
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_ (14 B*) Precision? Recall

B*X Precision+Recall

2-7)

B

25 ARXIH

A E B ARSI RE P T RO A R, A4 Pandas H A BT |
Numpy 411z FFIE RS IRATHIRIG U . BB BIRAE Y Python &, [AJIN 7E AT AL 7T
ifi, FAVEH] T Python WA o ELALHLAT Matplotlib /xR (1 % Fifon i I, e Ja 3T
I T I Rl i BAR 2N Scikit-learn HLEE S > B R o

2.5.1 Pandas #IBAIERE

7E Python ;&4 B2 o Bl dH A TiE Ve B3 TR . Pandas & & AbFE 2 Fho Y
EE TS FAAAREIERI KE &8s, a0 SQL KB Excel HL 74 ; A EL
JC 7 BB 8] PP BB s 7l G AT A SRS AT R A R s AT Arr At R 2R L/ e v ahe
£ . Pandas B E & =R EPR S5, 32 Series(—4E), DataFrame( —4k), Panel(—4F).
Horr Series Al DataFrame AJ DLH T ACBRAG R 28Rl Gith, ok mvE 2 TR O
[P ], X R BT, DataFrame 76 FEFTA R 1 data.frame 1)) RE 19254 E
BREEHEE N . Pandas FEE A NumPy E2 I, BESRETHEREMTZH
M58 =5 PE5E 34 . pandas A B K #t numpy FJ, 1M ndarray 75 N A7 B G 40X — B SE
[ AR 1A], AT 203 ndarray KB R E#R D Lk A value B AR HOALEL, L7
SEHEENS . Pandas AR 34 BT

(1) BEMKE I, SRR LR,

(2) J7 3 E SR ST AN B A5 A

(3) DataFrame A1 Panel #f57] DASH % B34 A 415

(4) - HIReT] LA B R AT R L, o RIE T8

(5) ET RSN, BRG], B MNKREIEE I T4,

(6) Hli(axes) )5 JEFRZE (AR TUHA 2 MRS RO RE

(7) ¥ B R AR R R R IS ) R 2R A (NaN) b BRI 7 1 s

(8) B4 NumPy &5 ¥ 45 #4 h A [RS8 2 51 B E R #E W] LU #: DataFrame XJ 4

Pandas FEXT TG UFRHE SR UL, R0 Edann @AM TR, JEFEE N T HiE
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Statsmodel ZEKHfi Pandas /£, f# 58 Python Gi it 1157 & 4o i) B B4 B 77 o

14



B PN /e e A7 BARE &

2.5.2 Numpy #¢Ri=HE

FERATEAE A B A v, B BRI R, B TR B R FL
HIERENEEAZ (b ABFREER) , BR8N TR EERIsE, AT
A N 40X PR 4544, Numpy IER LT TR X AR HN TR, AR HHE
T CHEFMIKR, FrblEr)is EdEIEE k.

NumPy 21§ f Python FEATRF#IH R PR, EMA —DuEKH N 4E54 0 R,
SCREERIN (T4 Thae, 1 Hibw] LR T4 C / C H Fortran A, [A]IN SC 47 R 2R K
LB ThRE, ARSI R 7B AR &SN, NumPy &7 DU
R BRI mAZ 4EA A, ATRUE MERBHERA . X NumPy e st 5
B FEEE R . NumPy X R 0] FRAFAGE AL BRI B2 46 %, L Python H S HIIKE
VIR EFR NI % . NumPy $24t 7 —4 N 4550425 ndarray, ‘EHd 7 A8 R 2R
Ttems )55 . KN ndarray H I FTA TUER KR AH R AHE K, 177 Python FIR H [H)ju 5
KAGEAEER, bk ndarray fEA7fifi Je RIS N A7 AT LUIESE, 1 python JEAE list B A Geid
TS A=A R, XERW ST AEEAYERE T Numpy ¥ ndarray A %
Python JR/E list, {HIERI2ETHE F, Numpy H) ndarray 5t o] PLE IR 263 ER), 106D
fFH 7T L Python JRZE list 2 . Numpy WHE T HATIEEIIEE, MRGAHZ M
O, HEEMTHER, numpy 22 HEMEGFATIHE . Numpy IKEZEH C1BES WS, W
fEbR T GIL (2 RfRREas 8 , H B R E 3 B2 A2 Python i@ B2 BRI, Rgic
e 1-4[ Python AXHS .

FES g 5 ARSI AR A, BT 3RAME R BER R A LA — 5, BT BN T {E15AKAY
IBAT R iy, RATHE 2 BN 8 Numpy #EA7 504 1) 0H .

2.5.3 Matplotlib 2B T EEE

Matplotlib /& —* Python 2D £ T_H &, HT 5 HHE#) % 1T & Matplotlib & H T
BFhas s . SFOFRES, WTHT Python JIA, Python 1 IPython shell, Jupyter
EACA, Web B FE AR 55 23 A0 DY AN B A - i T2 AL . Matplotlib #2647 77 15
O APL, R JUTAR T DUAE G R e 2l Bl TR, ThRiE, &R, #)
K], BUR ESE . i) Pyplot AEEURfHE 128817 MATLAB H 5, iX 1 #4728 MATLAB
(PR 7 ] B 3 ek 3 21 Matplotlib H

AP EATET A BIER 2 A Matplotlib 22 T H 258 R, 78 1 hrid fErp 45 2R
FEMER.
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2.5.4 Scikit-learn #1285 S EE

Scikit-learn & FF Y5 Python #2525 21 &, ‘B %&T Numpy A Scipy, &4t 7 KEH T
HARAZIAN BT 00 TR, BFEEEE AL 58 AR Bk S AL RS — R A .
Scikit-learn FIZEA DN RE 3 EM o AN ERGY, 03K, WA, R3K, BiElE4E, BAGEE,
EAEITR OIS N

MRFAE B TAR PR 31 B Jo A T PR REIGAE, B HEHE T T 5L APL, AN S FH 17 s i ) L
ARG R AT AN SE B — BB N AR 2 SV AR . Scikit-learn B AR 5E K M, BES
IRBES I HESE Keras HIZ5 & WU T St AL S 27 SJ B8 XGBoost FF4% H s 1 7 8 1
FHI) APL. Scikit-learn [ J&) PR &% R B EHE AT A AL BRI R S5k, [ IS tHAS B8 5752
FSOR S 5 ST 5%, AH RN & I HLAR 57 ST 55 B IR I I S

2.6 KRB

AREEENG TR RIEARE 5, B EAREMZNE, B2 A
CARIT R BRIl 2 S SR S A, BJa /v PRV 50T R 6, B!

(1) P A2 A AT A5

(2) WP KL &8 5 o S AN R M R VT AL o 8 BT ik

3) BAFIF AT G 5 EHNEE TR
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AT B AT BRI A AT G S oA . AR E SR VAR s T 0 it AR A
FRFAEARERANTS, ARJE Grit vl il 8 I e M L S R A RS il BRI A, A
ST Bl E A AR, IRAE S iz X AT R SR T A B AR . e IR
TG 1 Gevh o 45 R Ja SR TR E 5 5

3.1 BIEENESHAE

AR SIS BT FH A0 5 H ] P 5188 T 8 L v [ R Rk T (R R S BRI, it
M 2018 4F 7 HERE 3 A4 (B35 7. 9. 11 AR LLEREE 2. 3 A4 B kg H
ISR A s . Holidsk 17 7110 DM TE S M8, GE 7R H E S
M, DLAEMVEASE A M EME AT N33R 3-1 A 5 2 .

% 3-1 FEUFIE
Table 3-1 Feature Item of Base Station
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AL P 3 EAAE AN

() BEpiabdadfe. EEOFBENDDER: B, HEREOREBSSITAR HEM
R RURIC S HK, AR B R EZE RO, O 1 Rk 2%
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(2) %7 FAMEH Voronoi BRI IZ T =S (8], # 58 BNk Bt BEA% S
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32 HibR=ENZEESH

AN EE G iz B R N A 8 A . BT SR, TG 5
b X et 2 ) 22 S W, FRATT 23 ) DA T AR O P AN Y LR B b i B AT SR AT
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Figure 3-1 Traffic Distribution of Base Stations in the City
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Figure 5-2 Word Frequency Histogram
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Table 5-1 Traffic Type Distribution Table of A Base Station

FAL{] 1 2K7Y 2 KA 3R 4 7Y 520 6 7

NX 10 12 4 14 4 40 1 80

A2 FATTR] AAF B /N Xy ia] A &0 [10,12,14,40,11,80,10]

it IH—4b )55 3] [0.056,0.068 ,0.079, 0.225,0.062 , 0.451 , 0.056]

ZIA R YR SO AR B R R TR R AN, AR
BreoNX ) E S A T RE LSRR 6 Fh . AT BT e S B AT T g, 48
T BT B [ A R
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Figure 5-3 Word Entropy Histogram
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Table 5-2 Number of Base Stations and Information Entropy Contained in Words

L] Ry e 5 R

R IX 101 1.366251
I 11 1.540306

et 151 1.421847
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Table 5-3 XGBoost Parameter Setting

ZH 2R X
LEARNING RATE=0.05 TR
N_ESTIMATORS=80 P4 1000 AR
MAX_DEPTH=3 W IR BE
MIN_CHILD WEIGHT =1 74 s e N
GAMMA=0 I 45 AT S 4
SUBSAMPLE=0.8 BEALIZLHE 80% ¥ A 37 TR ST
COLSAMPLE BTREE=0.8 BENLIZETE 80%o ik L ML LR A
SCALE POS WEIGHT=1 S R AR AN AN 1) ) i

542 SCIGEER S

U5 HMTIMEREUP 1 R0V T Fl-score (EARRAE, — L6 40K I L85 ]
I, HAHE Fl-score (ERRAMIFNITE. & RARTHAA B GHATEY, &
KA 1, BN 00 AR TN AL HEAL LR (L8 T /SRS
S AR RS, LURRHE A RIOTE R S0 %) |, SRS T
% 54 iR
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Table 5-4 Experimental Result

FHIE XGBOOST LR

GLhRE 0.30 0.15

Feufiin] ) ERAE (Sum) 0.32 0.32
FEukn] A B RAE (AVE) 0.33 0.34
LA T+ A [ B R AR (Sum) 0.34 0.32
S 3Ly [ B R AE (AVE) 0.35 0.35

WK 5-4 Pow, BATE Fert BARHE R P B AT 15888, 2R S TR
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* 55 mILARKIHEMGTHER
Table 5-4 Detailed Statistical Table of Optimal Results

F9 RS 7] F1-Score ERIL PSR}
1 0.48 0.59 0.53 796
2 0.33 0.17 0.23 303
3 0.27 0.15 0.19 281
4 0.46 0.58 0.52 249
5 0.07 0.14 0.09 132
6 0.05 0.04 0.04 132
oAt 0.27 0.17 0.21 240
A 0.35 0.36 0.35 2133

R 55 1, ATKI 0 REB R0 15 1,4 2K, HECE HIER
(796+249)/12133=49%, FTAARKIRA N BRI EME T RER . WE 4-4 FRATHK
IIRERS R BLX MR IE “X 117 o “FAT7 BRI B, 3878 7 n] DAARYE X
AT BRI E . LN R R E A X AR M T, #5252 H s
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KL H KD, I3 IR BRE S ) BT FHOAS IDR X P SRR B X 77
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