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Abstract: Predicting program popularity is a key issue for design and optimization of Internet TV system. Existing
prediction methods usually need large quantity of samples and long training time, while the prediction accuracy is
poor for the burst hot programs. This paper introduces an Internet TV Program Popularity Prediction model
based on viewing Behavioral Dynamics features (BD3P). 6 billion view behavior records from 2.8 million
subscribers of a certain Internet TV platform are measured, and the evolution process of program popularity is
divided into 4 types based on behavioral dynamics features, which is endogenous, internal subcritical, exogenous
and exogenous subcritical. The prediction models of Internet TV program popularity are constructed for each type
using Least Squares Support Vector Machines (LSSVM) with double population Particle Swarm Optimization
(PSO), and these models are applied to the actual data test. The experimental results show that, compared to the
existing prediction model, the prediction accuracy can be increased by more than 17%, and the forecast period can
be effectively shortened.

Key words: Internet TV; Popularity prediction; Behavioral Dynamics (BD); Least Squares Support Vector
Machines (LSSVM); Double population Particle Swarm Optimization (PSO)
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AR s TR ) H R S R G T 5, St i
FEAL AT = AESE RIS AR 45 427, WO AT
50 44 1) R AALE S R B IRARAE 10.7 /2R EL L, Sk id
oA R AL H AR =

FESEAHOL T, TN ELEC I AR S H AT AR
fFong. Hie, MRS KRG G I HRAT
FETRIMEE R, LI ] mT LA b DA B A %
PR AR AR N A K, Rk R T
T HIRAT BTN KA, R RO, W] DL
KA 5 BRI, AR R B Rk, 4,
W 4% 3278 AT AR AT R TN A R AR AL A A AR
VL 2 2%, AR AR ) SR i 8T T ko 4%
A i AN A it D2 U] TR H 2 e, AT A
P& INZE, STHH AR, ¥R A& SOk
[3,4] T KT P B AT FE A DA A5 JE oo o 0% D A 2
SRS I A, AR SGE T MU PERE. AR
1M, TN AR S H AURAT B — TR L Pk A (0 T
fEo M THNRE. WHNESBEARLE 2 0E
(I SRIBEAE A — 2R 91 B H LA T 1) S B 8] 35 e afe
DAL IR Wy il H R S LSt b 3
PRI R ER, JRRG LTINS T AR 4 -t 2 Jit
MEFE A I 52 20 H AR 5200, AN Y
FRURAT FE RIS T AR A 22 5 B K, FROIIAR 2R a2
2 HIE N S AR AEIRE o B IUAT BE T 7 2
HSL I 1) FAB AT 20, H AT DA 2. Ty
P 2Kk P (cumulative growth) . 1A
FE 353 110 B (temporal analysis) il A6 3453
Fridi 11 (evolution trends), % FH IR 3254y
NREAT NFINEAT I A58 )770: 08 2 2 [E 1) )
BT B BBV, 780 FH A HI £
P N GRS TS SR BE I 20 R i AT S T Eidis 2
R AR, ANXIF AT RN R RAT R AT h e T
AT B )1 A& LA Crane 48 AT HY
(BRI BEAl, B R M BEN LB AT
N AAZ T8 AT ELAE FY G5 A 3K R S R 1 AT REF
Ko 15 AT AU TANAAT A BLRAH SC I 1) 7
IR BT ANTRI R, S5 RO iy 1 R0 ) 0
.

ARSI H AT LN A] e 0 BRI A RN
Ty BT HATAT KB D EAR A A H WCAT A ) Bl
JIERRAE, AR T ELIDE Y PR RAT R A
M BD3P(Program Popularity Prediction model
based on viewing Behavioral Dynamics features),
FR KL P REEE AR ) SRS . FoELs e
F AT R IEAT HALFERL AR, Ky BRI A
A1 HIRAT LS AN 4 28 R A

AR H TR P A s 2 T A B, s B
e 3 FF ) 5 AL (Least Squares Support Vector
Machines, LSSVM)*} 4 S A4 575 i HEAT A5
G it e N IR B E H A, A Rl B
2 Jey B A 5 R 3 e A 1 0B B R 1 R S VR AL Ak
LSSVM IS4 )t 4 PRy i el 45 5 4%
FMEA B IN1F 207 H AT BER T o A LA a5
FEAFELLFWAN T (V)RHAT N3 125K 05
PRI IS E B R AT 6 210 R 11 54
H 2y 60 104 AL K BEAT 204, 25 5% ET Him
ATHREVE AL R AR, K7 B AT BRI A R 2 ol
WYEE IR FE . MRS SMEEIR AL, MRS 4
TR, (2)FETHAT AL AR 2028, &t —Fof
(1) EL I FATT H AT BE TS BD3P. SR
FRERLFREFIAAL R LSSVM &35, v/ T il
WZE, G T IE I . LAR Y B EE 30 RN
WATEE A, BD3P LAY (1) T 35 7 M i 22K T
0.17, BIEERIANR Z080D> 17.1%. [FII BT 5 I ZRAE
AEEARE D, AT 2 UL B A (Multivariate
Linear, ML)75% 2 &, wtnT LAMS 43 0 25 51 5
FLSAR 2 TR R S AH G REUA 3 95% .

ARTCHS 2 e T IRAT FE TR (v 8 T Ak e
S, WRIEAT A B )RS A T B AR B
A H VAT EEAR A&, IR BURP R B AL AL
LSSVM Sk Mg iiAT FETASE AL 26 3795, KL T30t
J LIS E R LB AT 280 T H P 213 RIFHR
PREHE, R34 5 MR 22 F B AH G R AL (R”) PRANVE
flifabrls BD3P 5 3 P Sk T th, DAVPAl
R 5 4 15 RSSO AR TAE,
2 BD3P FMHEEL

2.1 [ERMENX

AT T T A Aok FLIEC I F AL H AT B e X
M HE—ANH o DITHBRHEIEY 0 BZ,
WLE ¢ NZICE B N(t), BT HAE ¢ ZI
AT 15 H AT FE TS R 1 H A A2 A s Fotii
H e Fget, RGBSR IREL, 00 HAE ¢, RIS SR X
H(t,<t ). Wee CREVWHEC BB HET
FREH IR H, teT RoRTTHOCL LK
Koo UL ST R] ¢, 7 0E s H AT B A e 79000 PRy s ]
Mot BOR, WICAMRAT RIS Z . ¢ &R
Tt SIS H AT BE A H BRI E] 2L N, (¢) R
H ¢ N 2825 Tl i O REAT B, N, (¢, ) Rsi%1T
HRSJEAE ¢, I ZIRATE, Ne(t,t,) R i3 H ¢
5 ¢, W 2045 Jvt 800 0 LA ¢ I 203 AT AR 93
fBo Ne(t,t.) 5 N, (,) BT, FoR R RLAT 2
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2.2 WITABIEN I FHHE

RHEALAAT N G BN ), AL Ab H
PR AL 3 R A ARRE ELIBC W PR E R AT A IR
WAT R B )2 . 5 1 AN EEFEHRIR N RAT
YRR TR e Y R R, B T DA I Ji R £
e (20 (1)) e HE S, DA% RS o (t) KOskt T
KT, N R 2 “AT8)7 (WHET)
(A RFIN ) 20 o “ B ER 7 AT RE A LR ATAT— A,
M “AT8)7 R I AR R — S PR B RE I R (AN
S R R ) Sk s a] ¢ A T AR

pH)~1/t, 0<h<1 (1)

52 NEERRALRRN 73 SOIRE, 5 B A AT M 2%
RGN o R R T B AR i ) P 2
—A IR AT P RS R 2 A “ATEh .
Eetur, AT RRATA AL B IR A Rl v, A
TR A T G ) 4, I AR I A
XATIRALRE N 250 XMGIRA AR AW LU B
¥ Hawkes 4511 Poisson I FEHIA (X(2)). A\(t) Fon
PRAT W s L 0 H o

A(t) = V(1) + Z it —t;) (2)

b, FEAOFEE o A N AT BE RS W B R AE [t ¢] X B
IS T P 22 I AR N R AL 9 8% 110 32 20 1
af, BIREA NWTRECI R NARZ ), (R AT A
MWK V() RANER, ek T BAEKIWEIT AN,
FTLLBEAE N ¢ I 204V (6) DN IERE 2 T3,
BN [ 3K 28 N HESF o

BT BRIy, ASSCEESE T LRI ALY H

B H AR

INF ) ()
(a) N IR S+

FERRE+0
WA
]
%
o
jung
&
N I (1)
() AP i

PLAT I3 128 5y BT o RIS ZRBL (N /51),
PLRAMEFE AN “A730 7 BIRe ) (Im A/ Wk 7L,
RI7E(D) 5 Q) MAHEAER T, H Wiy B 13)
JIEEAT AT H AT BESE A B ] Ly i 4 Fhk
A, JEe LAl — LRSS E 0 BERAE K. B 1
T HIEP AT H AT BER 4 s AR
(V)NPEIEFSE: R EAT A2 RENLE),
TR G 1(a) o, MEAT A 2 (3) 4
o nt) 2 —AHER E E LA R 2
Ne(t,t,) = (1) (3)
(2) NG A2 s IXMRG 00 ANH AL AT 09 245 il
2, T HLSCRRAT S b T 9 24 PN 508 1 L AH 4 0 75 2
g, AT ERWE 1(b) R, W EARL
(PIRFAE A BE I (B 4% 1-2 0 IR 0 R LT 36 AE 5
PR RUE R TR, CRAT A AT (1) #iidk .
=~ 1
Rt = o (4)
(3)HMUE VI T2 o XA L 418 199 2% AN 1k
R, EBPERE, PN p AT 1, XFELE ¢ R
P ANHMEME RS RIS A S IR 24, It
I 502 R E A G, AT AR 1(c)
P o WSR3 A AR i Ay R 1K 38 WS i I o ) 42
140 BT RPN, O AT i I (5) 1

1
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BN Q5T 1, ANEE R85 A B WOoRAT R mT L
AR A, WAT AR WA 1(d) . Bl
TARRFAE A Ptk S EEAE J5 42 BEIN Tl 1-60 1%
R, WORLAT 4 AT 2 (6) 4
=~ 1
Ne(t.t) ~ (6)

T Y bR B IS HUE 0, AR > X
MR EENSHE p R 0 (EX 0=
(u))e 01 n %5 TR IFE I A4 45 L LA vl
g MHARSE, lnd 2% R 5L o) Bk
RIE IS H, e FS 45 B A & i . 6 (0
<O <D)F1 n g T Lid 4 AT ER AT Ny, 08
S5 ) HAh Sk O A o R BUE 2 2R
TR . RS HORARE 0 v LLE A1 H 4k
WL B AN IS TR HOR R ARRRAT R, W 2 Fs.

ARTSCHESE T ) HAsE 7 LG FALF 5 2016
11 HAE 2016 4 7 H 31 H3L 213 K 280 J5
MO %, 19420 7 4 FrRRIETH 11 T4 H
WAT LA S, TR0 =0.440.1. XY
SCHR[10]ZEURAT FE G R R GEE I AT
2.3 B/ RLFFEEH MR

H[F[H M (Auto-Regressive and Moving
Average model, ARMA)%5:4 LI 2 4L 1] 741 43
WA R s T2 MR, SCPR TR RE 1B 95 . Mk
28k AR AT B AR & @ fe )y, (HER S
BN Ry B s e, o EL TR L2, i R A A
28 7L . (R &ML (Support Vector
Machine, SVM)REAE &5 A KUK B2/ 1 G w25 > B
W, B TR WAUG . ARSI AE i)
A, HEAELAIZARE ). LSSVM #f SVM 3K
il I R () LA A A 2t R, s T Uk
TR . #4213 % 21 (Radial Basis Function, RBF)
A DURHRRAE o) S W 21— AN AR 2tk 2310, 5 Tl
) FLIIAN 5 SO ) A SRk o PR A ST 4
LSSVM V& A AT FE T ) =884, K H] RBF 1
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() P UG 565 T e 9 6 K 280

J LSSVM MR, W H o WAT R B
Ne(t,t,) ATELHSA(T) s S(8) W5
K

Nc(ti,atr):zak‘@(x(cati)vx(kati))—’_b (7)

o — ol
2

D(z,y) = exp

20 ®)

Hrr, &(z,y) 2Pt iz w8 o S,
BB ST X (e t,) RTH ¢ 78t I ZI
6] 740 ) o BRE o, FIAERER 0 S [BDH PR, W) L3
i g AR I DU XU 2 B 20 (9) 3R AT o, A1 D

R(w) = %Ilwll2 + DZL(JC(IL')’%) 9)

(), WH D AT RE, L(f(x),y,) Rk
PRI, 3R] — IRAN R R £ (X(10))
L. (f(a:),y):max{|f(:v)—y|—5,0} (10)

N2 Dy RS E o L RAHKRHUK iR £
Z 4 e st LSSVM [HIHPERER) 3 NMEZSH. h
WE G NN IR A E H 2, 2w T A 2 A
T ENMUBTLSE . AR AR R B
XS EORAT AL .

2.4 RIFREEEMIL LSSVM 5%

B HEALAL S 7 (Particle Swarm Optimization,
PSO) & it #5405 48 S0 A P03 3l DL HE A
AN 4 R R . PSO BE R OER T REH,
RLF-HRACEE 4 R B AR BT, 5 5 1 kL 2
PEVH G, T —1h, MM s Sk ISk s B4
1. AfE LREE, Wang S5 ANPHRH T HA A
TERS 1/ e IS N W TIPS £ VAR R 1 W R = S
(Double Population PSO, DP-PSO), X zh&iH
BN K 1 () 7 iR m AR R SRR . HAR TR
e AR REH s AR, 8 AN EE
QTR Qy(Fi st )R L), Qs
AR AR, Qs MR ALK (s=8+5). PAHE
R A RS 7, FifE Q) SR A P e sk
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(PR TR, DAMGSRJREESO0RE TTs P Qu R4
JR e R TR, g R SR B D)
FEAmE o BT FR N (11) ~ 2 (13):
Q) vt +1) = wxwy(t) + ¢ xrand() x (p,(t)
— 2,(t)) + ¢ x rand()

X (py (1) = 25(1)) (11)
(

Q? ’U (t+1)_w><v7] t)+clxlrlj(t)

X (py () — () + ¢ X 13(¢)
X (pg; () — 24(2)) (12)
W(t) = 0.9— %05 (13)

TR 7 ¢, A ¢, ARTRRE AL 4 ) o 3 B DG
A2 Ryt AL B eV DI AL . DP-PSO &
VAEAE R AR TSR] e M R AN R
), DASRAFRL 7RI REPE: AEA ORI, k1L
BRI, KRS T 4 R Ui . T2 AN
A AR S SRS, M B e V) e e s A i
B o) T ¢y TSN, SEA7 b~V 4 S8 MRy B 1 22
¢, ¢ MBUE 23054
o) = (e, — (e — ¢, ) xarctan (20 x ¢/ T,

max )

+arctan e)/l (14)
o(t) = (c25 —(cy — €)X arctan (20x ¢ /T, —e)
+ arctane /l (15)

o, e Fley 302 ¢ Bl e, IWIE; ¢ Ty, 53
& o Mo, RZAH: T, AEER B RIEARNEL: e
N R PRI R, —UE ) 0~10;
[ = arctan(20 — e) + arctane o

JET DP-PSO 11 SVM S8ttt Re Il el 3
P, BARGEEELBERAQTT

TR 1 WIRRL TR (D0, e) « BIMENE W,
IER T ey, FREDN LA I KIBARIKEL S

/\EJ

BB 2 A S I B YIS A AT [H] )
W&k, 1FHBARLF FEEN A, dsoRi 1 1Ak
A BN A e B AV

W3 R (1) ~ 2 (15) 0o B A R AT
i

BB 4 AT SR BN I ZAEAEAT [ )5
&R, 13 HBEARLF RENAE . BRSBTS HT L
B RHE PR P AR BT 4 g 1) B B A B AT B
B, XA R A B, WK LR
(Wi s W, SR E R A

W 5 RMEDE 3, HBN AL R REARIREL
T, BUS BN TR R ZE, WL IR, i e )
AR U E, A B B A B MR FE A AT
EPEFGPIR
2.5 EiERE

LEEIET 4 R HRATE A, BD3P
R R FH AR R RS20 LSSVM. g7 T
DBERL , EAR R 4 Fron, BARRRERE IR QT

(DR Y H SRR (5 I 2L K,
B H T ey 8, il 4 Mg eal: 4b
PG SIS ARG A ORI S0 A I8 0 I
K.

(2)%F 4 BB I E] 3510 53 Sl 37 LSSVM. il

DAL SR PR IS0 52 LSSVM. it
TR 3 NS HIETI S D RS E o UK

FHRP R R BB AL e VT 47 A IR EL

(3)Ks 4 PRSI Tl &5 S 422 73 M6 B 3 21 7
MFRATEE o THE 4 B AEREAN Y B AR IR B A%
Eop, WOH WM W OAT N, (t,t) =
Z pkNpk<“T)o Ho, Ne(t,t,) HHHRATH
LSSVM 5 7 Fiili{e

(4) MK 387 7 AR08 2 R 5 2R 580 2 AN I Tkt
T &5 AT IR ZE 3T

FSVMII LT
IR A1 SR
PR S ARG

(R Skt e A7
aut, wxkr |yl SEEAAET
RS

FHSV M 257
WI/';TIELJ\‘//;‘({[[, ZEL 7| L AR S Kl 4
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R
R, B
WA

A

UG |G U QI I (U I I

rd
/ Y Y Y

Y
FHSVMIIZRET 57

|I | LSSVM1 | | LSS\’)I‘Z' I LSSVM3

TGN RS

\
; AR Sk AR

\

N
~

Y Y Y

’ TER D7 Lt

Y

U pwxam |

SETTIEER
AR

¢ s
H iR 28 H (Do e)
WKL LSSVM

4 TR+ HLALTY H AT B S e P

3 KoM
3.1 BRENE

AL S 50 O R ) FE T R I F A
F42016 41 H 1 HZE 2016 45 7 H 31 HILit 213
K 280 J7 H 1) 60 124 WR i s AT 120 ANTIE (1) H
T 1 H 8 ™ 2 # (Electronic Program Guide,
EPG). b #isiikss4% RISP H & REHE A
EPG 15 B BN, 20345 T 11 J5815 3 s
FEAEAIGAT BE TR PP 20 5 ds . 39 H SRR 45 2
B gl B RAEK B FEAE. T
R A H K Y H AR H N S 11
o
3.2 FEMIERR

A THI A 3R 58 2 20 A o] DAAT 25 0F ) FRO ASE 22 ()
PERE. W HIOFRAR 2 A Lt i ZE FIA TR 22 2 2K
K FH 248505 15 22 VRAN RS 2R i 735 SEEAE 5 25 0 Tl o) 52 1)
B 6 B A TS . AR 2R T iR 2 5K
BRAER LAgl, B T ST [RIASE B 7 AN [F) a4 B2k
R, (B AN 2 o AR . Rk
FEAE ), o] DR P &5 S5 5 T B R 3R AT LG
B, B HAEH SR SERRME N R AR OC R 5L R?
KPP A . A SR G S BD3P 45
LR R — 40P g AT b, Rl 2 s e vk 5
Wi, A I U G 3 7 i 22 (Mean Relative

Squared Error, MRSE) M & AHC R 5 R*F I 1FN TR
B o
RMSE 52 20 (16):
RMSE:JU—XXNC@Jy—NJQDQ (16)
|C| ceC
R FE AN E(17):
SOV (4) = Ne (t,1))
R =1-%¢ (17)

Z (Nc (tr) ~N. (tr ))2

ceC
X, O A TFEARL, No(t,t,) TR, N (t)
h SEIME .

SR UE RIS Fry iy o 2 SRR A 2, ARSCK
A A I UE T 1253847 T 30 R85, BRI
HAR RN 173 1 10 4y, BRIk Ea b 9 R
NZREHE, 1AM, R 30 (SR
RMSE “F-I1E FIARUEZE o SR EGEASIR T 45 JL i
ENE.

W2 o THAE A X (18):

1 & — 2
o= \/E;(RMSE]. — RMSE) (18)
A, KON A8 I AR S5 (P AT IR B
3.3 RO

ACAFEH Python ff) Scikit-learn f5ZHL T S-H
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(Szabo-Huberman) 5  fl BD3P #i%, JfMAH KL
BRIVEE AL R4 T ML A1 MRBF B8 (1) scEi AL 65,
¥ BD3P ALY S-H #A0, ML(Multivariate
Linear)BEAIIHT MRBF #ERSHE4T T . AR
FRT 7 RIGGEAT B T Aok 30 R IIHAT 4L
Pio Lht, =7, t, =30 AW, HBIVHE T BHCH H AL
P 112861 AT H R A FIRE AL T H 16 A7 1
RMSE. % 1 Tt T 30 YRS2E 1 RMSE “FI1E
FbRAE 2% o

M 1 Bl UUE L, BD3P BilfEds ik
LA RAT BB R A T s
RMSE. 7F#4k5% 4% &, BD3P Bl S-H
RN RMSE 2995 30% I FARK o 5 59 0T 4 M5t
WG AR H, BD3P B2 RMSE 4 80%(1)
BEAR . I BRI AT H SO A F B SE A 2 58
RSB AU ), AT AR SR LT3
TG 5 2 Deidi [nl 9% oS- B 7 TR Pyt I 2y
H AT A T U IRORE T, H R A R (R 2
FEIETCIEHERA A B SIS I 284 H AT B S0
Al F . ML R I A 5 11 (1007 B 25 X0 0 5]
(WAT BRI T T AR PIRE, —ERE %8
THEAEAW T, BT B RMSE. 1 BD3P
R KA LSSVM, HAT S F s g 71, it
RMSE AHLE ML #2845 K2 17.1% K. 4 Fhgi
R 30 WA XsE8: RMSE [FsUEZ ) /N T
0.01, T2 SR BA B A e Tk

MRBF #7145 BD3P #ERU AR K F 142 [l 2 R 24
VE AT VA% R A 458 1) i bR 50 SR LA e s AL Sk
Rz AL fE ST, (HE M REMH T - S 50 & BRIE
MRBF A5 A% o 5 - A% s AU e i 5
£, FTHERIWAEK S H e R XA . 1 BD3P
ISR HLSUR R RO T B AL B S 4, R
R, FFETHAERE ) R RIX K. 5IAH
ANKLTRIRE, AT DA KRR JEE 18 48 2R 45 SR N =)
B ARG I o DRIHA EE MRBF A7, A S48 HL i
HEEN R BT LA B, RmLAE

RMSE A K& 10% 1) P

AR T 112861 AN H AT EES i, Hop
J& AN I SRR H AT 1554 4, & T4 I 7
K HA 80528 4, B TWHIGHEM T HA
6636 1>, J& T WIEIG A RIA 24143 4~ MAMNIE
WIS SIS SR R SR rh 5 R B T 1
ANTH, TR R S E 0 1A R U R g
BD3P F8Y, o A FO UK B (1) 5% 0

CHZBR PR NEY AT BME R — KRGS HAN
F5H, HURATEE AR AR A T Py I Sk
[ e BARTT H R B, (H 1y
HIAEEH ik, 4% 5% @M K% 15,
SRAT TR TSSO A AE A58 19X 285 (1) Vi Fl A
Ko WHRATEZRDHT . A0 185, Wi
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