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ABSTRACT

People are increasingly accustomed to using mobile terminals to watch online videos,
but the user experience is limited by battery life. In process of viewing, data transmission
is one of the main sources of energy consumption. Therefore, it is of theoretical and
practical significance to study efficient data transmission methods to improve data
transmission efficiency and save transmission energy consumption, thereby prolonging
battery life.

Existing research on reducing transmission energy consumption generally assumes
that the bandwidth of wireless interface is either unlimited or an unpredictable random
variable. Under this assumption, some studies increase the sleep time of the wireless
interface of the terminal device by aggregating data stream, or adopt a fast dormancy
mechanism to reduce the tail energy consumption. However, some researches have
confirmed that in real life, people usually move in fixed routes (such as commute routes),
thus the changes in wireless bandwidth along the way can be treated as a known condition
(pre-measured and predicts). In this perspective, combined with the known wireless
channel bandwidth, there is more space to design an efficient video transmission method,
which can minimize transmission energy consumption while satisfying the user's video
viewing quality.

Efficiently transferring video in combination with known bandwidth faces the
following challenges. First, the video download speed is limited by the length of the
mobile terminal cache, so downloading data with the best bandwidth is not always the
best option. Second, since the video needs to be played continuously after it is started, it
1s necessary to find some more suitable opportunities outside the good bandwidth in order
to prevent running out cache. Therefore, this paper proposes an energy efficiency driven
video downloading algorithm, which can achieve a delicate balance between video
playback continuity and transmission energy consumption, and achieves efficient data
transmission. Specifically, the main contributions of this article are as follows.

(1) This paper establishes a bandwidth-known mobile terminal optimized
transmission model to minimize video transmission energy consumption. This model
discretizes the continuous video time, and characterizes the optimal problem as an integer

linear programming problem with discrete time. This problem is constrained by the cache
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limit to ensure the best playback fluency and minimize the transmission energy
consumption.

(2) This paper proposes a maximum equivalent energy efficiency based video
downloading algorithm, which can reduce the transmission energy consumption while
ensuring video playback continuity. The basic idea is to find optimizable segments
(according to the Greedy algorithm). For each optimizable segment, it iteratively selects
the download job with a maximum equivalent energy efficiency (i.e., the maximal amount
of data that can be transmitted per unit energy consumption time), until the data is
completely downloaded. Simulation results demonstrate that the proposed algorithm
significantly outperforms the traditional Greedy algorithm and the On-off transmission
algorithm with an equivalent energy efficiency decrease of up to 83% and 69%,
respectively. At the same time, it achieves the same video playback quality as greedy
transmission.

(3) This paper proposes a dynamic buffer threshold algorithm for the re-buffering
process, it optimizes each re-buffering segment to further reduce the video re-buffering
time while the energy consumption optimization is almost unchanged. The basic idea is
to ensure the existing playback continuity, keep the starting moment of the next re-
buffering process of the adjacent re-buffer unchanged, and try to change the termination
time of the previous re-buffering process until the minimum re-buffering time is found
without causing extra re-buffering time. The simulation results show that the proposed
algorithm can reduce the total re-buffering time by 82%.

KEYWORDS: Online Video; Energy Saving Transmission; Mobile Terminal; Data

Transmission
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Figure 3-4 Rebuffering and optimizable segment
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B REFEIE CRUEARAE PTARAL Bt N BB IR 38 T8 DRLtL, RO — 35 N ATk
B, WA IFIHEANAMMTEMEX (=1, BEEOTFHE: x; =
0, JCEFEICHD WBEFT H AR B AN n (n€ [1, N]D FHRILTE
[ X" AL B AR, FREHRATTIABORE N E x; = 1o T IHASCE X AR
B ST REDLAL H A5

BB AS Y e A0 B AR S 1 07 30T AU B N ATt B g —
MR n (n€ [1,ND, & XHVESEON {2, sP,th, st ult. H, t2 %
N ATARAG B n TGRS 8] £, s R ATALAL B n FEFFUGIN 2] L& N EUNEUR & &,
te RN ARG EE n RIS RIS TA] £, s3 SRR AT AL B n AESS RN ZI 4 T 2 s
M, ulFRORAIRALE n TEF AR ZI QAR UN BE i, B ul < sio X
AL n, AR F IR FE B AR 2 R BN B N8 A & X" (X" ={x;|i € [¢] 2]},
115 X" BA S/ IRRIRERE,  [RI CRUEFRACE 12 B 1) 3 AN 2 R AR R

2558 FERE X", HARRIREFE T DL N R VAT HE S

Ho, ARIOE X XTI RS O RPIRS A Y™, Y ={y;|i € [tF, ¢t — 1]},
Hrhy, =0, 1. 2. 3 pulR L4 04 | BN 4T IDLE JR#& . Promotion R
A, CONNECT REA TAIL RZS . 1 XMESIRS YR R @ 210208
CORFPRE vt x; (xy =1, BEEOHFE; x; =0, B&BEOXED My, e,

20



P N i e TP ¥ Bh 2 S 0 4K A% a1 T

A 3-1 ATHESAH .
yi = f(x,yi-1) (3-1
HAAMER ISR A R 3.5 15,
CRTY™ S, AR X0 N S S REFEE € SO F(X™), FRF R ARG n
MfEsaeRt. FXM LA R 3-2 F£oR:

F(X™) = ZVie[ty,tZ}—l]PjIyi:j (3-2)
¥i€[0,1,2,3]

Horp, PR AR DAL TOIRAS j N A BR A THFEI R &, 17 2 — AN HUE N
0 A1y AHBRHEL 0 nRRAEToded I B HTIRS R 1 FERE
ROk, AT AR AR BN T BB 7 S R A RSk . i B STRT R,
R N3G RR R, (EAT B 1 i(Q € [¢8, t2]) To 2k d 1 SEPrRAs N #A s B Bk
BRehl s O FEL U, 4B X BRANSEAF IX R IR ASCH 1 B 201X b
FRE XCNU;s G847 X TR E SCNL . UL 3 5T a3l 3-3 FIA TN 3-4 SRR R
Uy=min(r*({—tf+1)+ug+w,s}) tF <i<t} (3-3)
Forb, @ 22247 X B IR 32 2 247 X K/ w ATAT AL AL By A /5 22 F 308 S 8 &
se R PR
Li=max(r*({i—t}+1)+ul,s?) (3-4)
Horb, i IR GAEIX T BR3Z2 21 i I 2 2 R O B SR I 2] ¢ O T
(R & s2 BRI
R AR SR § 5 2 S PR % T 2R E e e O dy, T A A 3-5 0
d; = min(d;_; + ¢;17i=2,U;) (3-5)
HAWIsE A de = sio £ NEERP R TSRS ERA BT X ER, N
ToERAE TR SE DA B0 e el 28 T, 75 DU HC i 22 L BRAELAE D i N 3E
gi BRIk, MRYE FIAHE TR H AR R BOMBR | 554, ARSNGB n 2520
THE R, A 3-6 B, HrhEAREE T EIAE X, ARIRE| S
IS 21 2 ) E R B AR T R AF X EIR BARRIR T HE 8 N IR, ik B s &
IMEAE R RERE HLARUE FH P 7E AT AL BN BE 8 I O WL AL o
Minimizexn F(X™) (3-6)
Subject to d; > L; Vi € [td, t}]
d; < U; Vi € [t} t7]
yi = f (X, Yi-1)
x; € {0,1}
y; € {0,1,2,3}
(S BRI, AR (3-6) FOREOBRIL LG LR, ASOE T — 3
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Figure 3-5 The RRC state transition!®]
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Promotion JR#& .  CONNECT IRZAHM TAIL IRE&D HLLUT JLAPEER.

YR x; =0, TRy, MMEH y; SR

(1) R y;oy =0, My, =0, BRI a7 270 2645 1 o¢ P BT — i %) 40 T
IDLE IRZ, W4 HTI 24k 2240 T IDLE RS

(2) R vy =3, HAFENZIEAE FEERNEEE, R TAIL RESC2&
FREE BT Ty, B, SRR KN 8 My, =3, By, = 0.

(3) W y;_; =1, NARHE Promotion KA DA RFEL MK AT y; IME, #FF
KN Telly, =1, By, =2,

Ex; =1, Wy EyZ R

() Wy, =2, Wy, =1, RIWR Y[ 0L 0 8 LA — izl k1
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KN T elly, =1, By, =2,

(3) WR y;_q =3, WERFHFEELmMZ NEHREE, #HEFy, =2,

4) MRy, =0, Wy, =1,
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A TG VR A S RPN T A d Sk 38— MR AR B
RIDCAE B bRt 12 T B RS RE R i Sk . 3R AR AR — N RR I Al -
IS T RAFIX AR, R I B A M B S A [ TRR Bk

AEPEFY LI R : 4.1 ST BORE AR R A 4.2 X EZE I fE
IS GAF IR EVERAT N 4.3 NS 4.4 AT /NG

41 ETHEAXFUREMETEEE

AT T T ROR SRR A N 85k B, MRS
SR BB, 285 AR 7 Sk R A AR SR AT TR, e T H
2 EAASED o

4.1.1 (o) g dFndkEk

B bR A LR R, ARSI 1 AT R KSR R dn S, B e AR
gy P R s A AR R B e P B RN, S MEAR s peRe. HAdoki, B
SHREANRAB n (n€[1LN]D FHI T8 & X™, 8L P n 3 e A4 i B
K x; (=1, BEILOITE; =0, KBLELOKED KERRMULRmAEFE. £5
Pt e, SR I LR Bk Rl B A I BR R R %, A RS RN
B A D BV I B A8 52 5 o U B 2 T R 8 R S R R 2R BT, KA
1o M

412 HAKFE#E

NT R FIRBRER, A SCERE A R BRI TR R B R T H E AE  HRR
AT e 2 AR B A HE— BB — D T EATE%S, H— DTS A
Fe /NI B R SR I AT FE e DA R B o, BRI R A P . AR5 R 25
RURER B AL REFERT [0 N N3 IEEE &) TE NI AN R EUT 4 0 N 866 /104
b, e I I AN (3 B A R R AE RN AR T AT 55 R 8 AN FTARALBR T
o BAREAEWT:

(1) B2l S AN, SO AT B, el B AT ek
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(2) BRI BN N BOR N — R T8RS, XRS5 DL 17 WA
FITAT I AR 55 IS AL 3%, R FE AL 55 AT S KIS R RE R, B2 A B Bds
N EGER.

f£ BTy, bl s AR 1 U ik ST I B B B A 2
I3k o D AE A BU N SE S T i RS5O & far (1 1 3805 T R AR SR Y
[R5 72

413 EHEBA

e f KSR R R 1) R B SR AE RO B DL AR K 05 sUAE AT A
LA A Be e . BARORUL, BN AT DAL B AR A A NI TR A 8] v B AN 12 B )
P B R B . e IR B e AL B T B SR = HE
—RIN N BAEST o REAE ST LU AR 17 SUAE T A IR AE 55 ik Aig #% . B ki
155 (RGBT B8] ) LIS 1 58 1 e ey 8 4 £ 75 SR 1) 208 v
NN EL BB L R (BIUE B4 EIRECE 5E i N ED 12 1L . AR5
WP BAT B K IR S5 R RE R0 CRITAE A REAE T A% e B R I B &) I AE 55 1F 4
AN B 25 I R I ST AT 552 . X SR b FR AR 554 o H — & BN R) R 3 —
SE G B N RE SR . B2 AT AL B A A it #5E i

414 EHFZREHMEM

ARG G T RO S B AU R O SE DU R . SRR R RS
PR RINE s SRIE A I B 52

(1) FHMLS

WA ARSI A T FEES (RIMES). ST AL B
R I T A IS R, LA R 7 T3k BN 1) 5 B R R M et . 3 T
ATIPALB,, SE I — 5 FEAT &k 2 F 3R . FRAT S WIME 1L
AR o FE A FRAT S, E KRB s N
CLL 15, G5 {uelt €[U+1, 513, (L] ¢ E[L+1, 15130 Fort 1L RARATS ¢ MTFF U] A 1]
FORAT S | LRI I 5 ¢4 FRAT S | EFFIAI 21 1L B2 T4k SR M s u, B
L X BRAT S 0 FELL, 11T B PR A7 X L BRAE A RIZEAE X FIREES . IEAh,
ASCAE RS (1,30 43 BIR R FEAT S i 105205 T 805 b I I A0 7 5 b 11
FF 1) 5 800 B0

THATS AR LR 7 ST FE0 . AR5 § A 1L TR 48 AT S B 138 35 (1)
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I R AR IR B, — B DU MR — AN, Rk, 1R E] S8 1
1) fERE—NZe (¢ <) THRIEBEAX LR, WAL=t T =u-
2) fERE—IZt (t <1 THBBZFX TR, WAL=t =1L
3) NEMEENE L, EAHL =1,
NEUT I, AR R AT HE RS FE . M T %M 1 ZFEXEAE L
B IR, TE) . T 5% 2 A7 XOR A T AT RN, ZRBH 241 I ZIRA K
AR, BT AALBN A RVEA RS, FIE FECRM. M H T %0 3 k3|4
IR IR, FRERE PRI, ST R ERIRIAES, AT = {6 k#FER
A S5 TCVE T BT AT H A
258 — ARG B n, HATIGE IS [RITE FE 962, e, WL 75 2 3N B =
VOIS, sge EXAIIUER n BEATORALI, B — R 5T #ilF55,
AN TFEAL S VIER T S A AR M e B e — 1, [EIBEN 1 #b. IX— &5 NEAT4
W A IR AT 55 45 I ok T #8007 ST N, ST E IR TS T #E G - 5
VAR A AT BRI I g e AT 55 vh e 3 2 A e K S5 AL RE L AR 55 VR 4 A T 2K
FE55 . HHT N EAESS G TRE BN TR N 87— e Ya A s 2, X4 I TR AN
Bl BN O NGB IR AR 55 £ BR . IG5 R R EAER AR )
I 5 0 [ PN 5 B AR B s e R A ARG AR S S BB D Je , B e gk a4 I DA
T OB B SRS R R #AE 55, E BT A HIE 25 T #5E .
(2) SEFRRERK
FERR, AN SRR E Lo RSO SEREERCE XU, HRHEERN
i B g e A1 55 BAE ST 4R IR
UhE —AMEIRAT S5, O R BB B VE EUAT, T RSX AMESS T
FEIREFE Nk o WIZARIEAE S i RERCN -
n= (G — )/ (k) (4-1)
Horp, kg BEFE NPT T HAES THFERDIZ, kK RMERT DL A R 4-2 115
3
ki =F(X +{xi|x; = 1,i e [lLlL—1]}) = F () (4-2)
H T A RETF B E R TR A%, Bt ASCd A DR IR 7 iE DA AT
BT SCAT A, &R D Re & FE & CONNECT JIRZ, TAIL ARAA
Promotion R Fr 512 1) . A B 5T ZBE Promotion IRAVHFE M RE R, FF 2
CONNECT RA TAIL RESTHAERER IV ZE 5, Al FH S5 R REFE I TR R I LA |
P B SFERRE R — MIRIE AT 55 1) 55 AU REFE I [A] & FH 1 1A 55 i 5| e i o 4k 2
CIAAMFERERS 0] o UL, ASCHEBTE Lk oN:
k; = max(o(1), 1L — 15 + min(ls — tyre — 0,0) + min(tyr, — I15,8))  (4-3)
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Ho, tyre RANTCLAE DFEMRIRAT 55§ T 06 2 BT B i — ST 8 I T e, B
tyre = max(jlj < Us,x; = 1) tppo RARTLEE ERIEITS | BRZ GHRFH—A
FREF R AL Bty = min(jlj > 1, x; = 1)s o(1) R AN IE LI 8] 52 [R]85 2y
I TEITRIRR o ke O BRI R A 2 4.3 715,

BJa, ASCK BIRE AT SN RILEBEE 1, 4RSSt
WA . SFERARERCE FIRVEAS I AE S5 B BAE ST (MdEAR . VPO T2 40 E — MR AT
555 MABEAT 55 I TF AR IR 20 ATC 2% 110 e e ity 98 33 1 3, B3 e A e —
AME RGN 8 T BRI T SEAZ AR AT 55 B AE RLRE R, 5 B BRI
10328 A 55 5 I BR 22 AR A 55

HARSCHNER 4-1 Fios. B, WEAMREARS i B 1Tint s, 5
A7 M LE I 2T AR EEAD B DLTC 2R M B vty S 28 N s, BRI 258 4 TS
2 1 IR B GAF X ERR, 38 SATEERZH (1L, 000 9 Gup) FFAESR 6 17451k
NEGIB GRS, BCERRE T ATHIE IR 2 BRI IR, HE R RS T
BRGNS 8 1715 1L FEGR HAEFR . 2 R HIN (AR B AR TA] 15, (RIS 7 2R e
HIZE 10 ATIR PR . RiEAR 55 @ FEGERUA, & 11 ATFAIH A 4-1 MR 4-3 1t
BAZAG AT S5 S5 R RE R0 . B i H A AR AT: 55 ) S B A5 L IR 220 1 A S 1B i
ZI R BB & ORISR, WAl SE R

R 4-1 NHULF AR
Table 4-1 The job computing algorithm

Algorithm 1
Input: 1L, 05, ¢, {u,},{l,},C
ov=0, ¢=0¢,1L=10

. forallj€ [lL+1,1}] do

2

3 V=VvEcg

4 ifv=u; then

5 =) %=y
6: break

7 else if v<;

8 break

9 end if

10: end for

11: A A 4-1 Fa 4-3 T,
Output: {I{, 3¢, n;}
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(3) HARSLI

BN BEE BRI R . 4508 — AT IGE n, FERAEZ AT A B N 1A
H— &Ik 55, IF DL 7 2k B B e K S5 R S IR AT 551 D 24 i
NEAESS, [FN R RIGAESEE, BRIPA B T EoeEE. AR R 4-2
Fiis, B9, SREANTRAE n, 55 1LATREE S ATHIEH A AT LB A G 2 8. HE
H, BB L ATHIIR TR 9 VRS AR, R R IRIEAE S5, )RR ] DId
TR BEIEAES . 5 2 ATAMEIBAE S E T I —AMRIR A 55 W B AT S 4L,
BFEIFUAIN Z) 15 FFAEINZI O & TR BEE S & ¢ SEhr FEUF IR Z) 1, #ESEhR
THAE RN Z R EE R T . SR 1. 55 3 AT 4 ATIRIE A 3-3 A
13-4 WA T ARAG B n 7E 62, e 2[RI Bl P (1) T 8 ERRBE AN T 2 F RS . 26 5 4T
WG . 55 6 AT B FIARALE: n B T #AS A RAF . BTk, 56 74T 215 24 174
25 58 B AT ARAG B A DA AR 77 2ok 3 LA B R 35 AR R g e A1 55 9 41T T %K
£5%, BERTA REE N EGERN. BARRYL, 2 8 47X B MBI AR 55 1R LS54
RERL. 3 9 AT B A B RS R RUNIRIEAT 55 . W sR HH 28 10 4T HIE AR IEAT 55
BN T AR, A 11 AT 35 20 47 SRR G4 55 N 4 Al N
255, HEFBPRINFEATLSEE Hb, 25 11 ATEH FEREHFESE 12 1785k
£ 0 ISINEUESSAE g b, FFEDHIRE PEIEERE & v 56 13 4758 14 17700 &
BB 126 AT 55 4R T T 2 I TRV LRI B8 VG L S 0 AR 55 RAE A IR E 55 . SR
JEHHEE 15 A7 228 18 ATTER )" Wl 0 AL 55 I AT 55 . e 15 47 RIEE 16
ITHOMT 5 2 JE MR S 2] )7 R R s ddm & o g8, 17175 0
fB45 Z BTG IEAT AN 2 ] s L& b ) i omin(18,18) . Z 5 HZE 19
TR 20 AT T ERMTETIRES. K, 25 19 7R 0 (FS5 R
B EIRES, B 20 THE OFS M N TIRES . WREEES NERIE,
B2 21 AT 2158 23 ATR B . fJe, TRGEUE, fith TEIAE X, FiE4 N,

R 42 HTERKREMBEF LIk

Table 4-2 The maximum equivalent energy efficiency downloading algorithm

Algorithm 2

Input: t&,t2, st sHul, X,C,r,w

L g=0 J={iliel0 -t -1) =]

20 {15,001, 15y ={tl + i, max(Lepyy, sT), 0,0, 60}, Vi €]
30 {lp={Lelt € [t + L2}

4: {ug)={U,|t € [tI + 1,t7]}
5

. Xi:O, Vi € [t;l, t;l - 1]
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® 42 (5F)
Algorithm 2
6: v=s}—sl
7: while v> 0do
8: (1,2, n;} = Algorithm 1 (1,11, ¢, {u,3},{1,},C), Vie]’
9: 0 = max;e;(n;)

10: if © # 0 then

11: x;=1, vie[l9,18 —1]

12: Jg=Jd+1{6} v=v-3¢ +¢¢

13: J =\l € [1§,18 — 113

14: J=I\{igE = ¢ uy <32}

15: ] ={ili€e],i>0¢ <%}

16: t=0¢0vie]’

17: J =] +{ili€e]¢ > orl > 1}

18: 15 =min(18,15), Vie{ilie],i<6}

19: u, =min(¢,u,), Vte{ttP+1<t<tl+6}
20: l, =max ({8,1,), Vte{t|tl+ 0 <t<tl}
21: else

22: X =1{0,0,0, ...,0}

23: break

24: end while
Output: X

B, ARSI B OR S SRR AR S ) T BB N T A H
RSCHLINER 4-3 s, BOREWE KN S, 31T Bk R EL RN 7
EN BB AR B TR A B . BARRUL, B H DAL R ORI S 2
T B8], LU 1 e omst (el ] Bl i K T 2 & 7410 T, T ={0,1, ..., T-1},
HREREWE T T FRDES R M B, % — L3R 3] NSRRI
BB, FEX AR R 3 TR 5 . X NESHE ORI @ Ge[1,N]D ¥]
G AR BN ) A [EL, t1]e 33 T SR ELELEN A B ¢ b 4R AT B . S EANE SR
TR TR 4, S SRAFAE— AN )5 L = max(k|k € [tE+ 1,¢L]), TEIX— s 58 %
G 5e WA, W A BEEL, LN AT B . S (el 1IN B 541860 2 50
(0 t2, ST, s ul  AHSRBE AT AL B b b, 2 = €L, 2 = L, sP RS2
SRR ¢ A 2 BRI O T EM R D&, WP R TEMERAE ¢ 2T

29



P N e e VA MU 3RSV vt

LR 2R R R RE N AU, FwSaavN 1 BIN. R
G, BATH T EERES X WIEHCH1{0,0,....0) o BE=AT A EE 2 e T K55 Ak Re
R )N A NS AT A BUE B N 8 X 0F iR R A Rl AL
PR

R A3 FET RO N 5%

Table 4-3 The video downloading algorithm of maximum equivalent energy efficiency

Algorithm 3

Input: C,S§,r,w

1o AR 28 4 T BN TR T, FEGERUE —HLRBINDN TR, B4
ARACBE R C N {8, t1, sT sPulty, Vn € [1,N]

2: X ={00,0,..,0}

3: X = Algorithm 2(t}, t7, s?, s&,ulY, X,C,r,w) Vn € [1, N]

Output: X

42 EZAEENNSEFIREE

RN T BRSNS AFTIREE . H56, 8 7 R I 5
T M Ak, A28 B 1 SRV ) S A RB B X BEEAT 1 IR, BJa 4 T BIERY
HARSEIL

421 [O]@4REFAIHEEL

FE b7 4t R T e R S AR A i ) T B B AE S DA AR e R T
RALBLS , FEAN TR AL B UG 2 BT #0448 7 — BB G2 bt [|) o bR T Sn 28 AR5 p LI /e
HH 00 2 e B e 2 A B G A IX N R B 4 B IR A RE AR SRR T DR AT AR
FEWTURIS ZI 2B A7 X A BB B B 1 o 3K tH R Wk B 22 BLIX B (R FEANAE
— W IRALIE LA, W SRR X BT [R]85 R AE P, e e EE 7 v B ) 5 SR 21K
B SRR AT X AR E, SRR B I T Sk T B, B
REE SR AF PR RE « B TIXAMEVE, ASCIRH T BB BB A2 A7 T TR B
Ktk — P R AR B 2R B

FEXT M B AT A BE T e DA R kR — M e S — AN EiE 2
ANATRAL B, BN PR BT AR I 20 BT —FP BRI — A B G2 b B i) 25 SRIN 2 G ] 4-
1 R
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Figure 4-1 Rebuffering segment and optimizable segment

5 G RN, B G B A AR ELEE A Y o 2 25 eSO B — A B2 B 0 4 TR
ZI\ VLR B T AL BOT 4R I 2 G2 A7 XIRFERE E R, T C AL BUAS SR ZI BB 5 22, i
VEESERN N AN E MBI A 2. ik, fEX E g Bt AT AL, AR
REMSAE 26 — D HE M BN IS S I AL 85 R o (R TEiARAIE Ja 8232 B2 )i (1Y)
AL B AT IR BES HUAS 22 H I OLAL PERE «

422 HAKEHE

NT R FIREE, AR T IS R RIS GAT TR . AR AR
DA FECE S NIR S, IREFAH S E 2 1 5 — AN B P R R LRI ZIA AR,
SARAR T — AN E I FE A& IR %, B R0 B d N FE R R 2, X R A
BT B R BT B B AT SR A BT AN TR, SRR B AN E
A BOH AT A . BARSCIUE R AN R . e PO i S R E L B, T
ANEEMEL, BIELL 1 R s ) 8] BR AR SR T 45 R S SR B S R ), (R
TRFE N — D EZ P BRI RIS, SR 5 75 AT B TR A B Py 1 b1 A i 2
TEORSFRUEE R T #AA, a0 RN AE R, U4k SR m T e, B 23 B i
ANIERS LS U

T/ AR BAR S, AR SO ST R TR B — LS
NREERF 4-4 1, AR TR
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R 4-4 FF5AIAHIE
Table 4-4 Symbols and their definition

5 E X
tr FEE B n BT Ua I 18] 5
tn N e E T
i BEEPB 0 CEIFIRIN %) 7 4 FENEE S &
s2 M n FEARINZ] £ B4 FRIEE LR
up BB n (EFFUGI %) €7 O 4 U K

423 EHEBEA

H LM RE I B G A T T IR G DA SR BOE SV R Lk, il 24 e Ae B
D {h BUA RN ZIK 2t — 25 Yl AU R U 18] o HARRASE, — S AATRT RE AL 5 — 4> B
B2 EEMBL BEAS EG BCAAT N T B T AR I BN E] AT 3
Hm . 45 D EEMBL EAERSE D EEMBURIGN ZIAZNIRTR T,
AN ARk O 1] b S 4 AR, A0 SR B A —AD Bk 45 AR A & R A SR
SRR, R SESE AT, LR B % g i BN R S RN

424 EEEHMSEIM

AR B PR S50 N P 3 37 A b v B i K S R A A B B (A N 37 5
FAF o BB —AN P IEAE I o2 5 A # 3h B& ERTES AN, o518y
% C A CA, PO I ZITTUR M E , LI 247 X2, PR TBOE A rbyte/s,
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Table 4-5 The video downloading algorithm of dynamic cache threshold algorithm for rebuffering

process

Algorithm 4

Input: C,S§,r,w
L RVCAE T 23R A8 5 T 3B, — LR B N AN E B BN EZMBIC A

1, 115’.\1=u?
2: B={klke[0,tF—tF—1]}
30 g =1{}
4: foreach k in B do
5 if k == 0 then
6 gtr—k =S5
7: else if k == 1 then
8: ger-k = 5-sﬁ
9: else
10: 9er—k = GtP-k+1 ~ CtP-k-1
11: end for

12: for each k in B do

13: t=tlr—-k

14: X ={0,0,0,...,0}

15: X = Algorithm 2(t}, t2, gin_x, s¢', ug, X, C,r,w) Vn € [1,N]
16: if X #{0,0,0, ...,0} then

17: th =t —k+1

18: Ss' = Ger—k+1

19: break

20: end if

21: end for

Output: X
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Figure 5-2 Video downloading progress simulated
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Figure 5-3 Comparison of total energy consumption time of three transmission modes
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