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Abstract: Since a great deal of mobile terminals which can use multiple communication media such as WiFi
and LTE are emerging, we can realize video playbacks in high quality by HTTP streaming, or progressive
download utilizing their total bandwidth. In our previous work, we have proposed a progressive download
method which establishes multiple TCP flows on each of multiple network paths and a timer-driven request-
ing scheme which does not need any information on bandwidth, round trip delay, and packet loss rate in
advance. Although the proposal yields as high performance as the existing method which requires the ad-
vance information on network conditions, it is reported not to request the blocks (partial files) efficiently
especially when the multiple paths have heterogeneous network conditions. In this paper, some adaptive
adjustment methods of the requesting interval to avoid out-of-order arrivals are proposed and evaluated. In
the proposal, the requesting interval is adjusted according to the observed block arrival rate on each path.
In addition, our proposal proactively adjust the block ID for the next request according to the recorded
response time of each connection. The proposal is evaluated and confirmed to be able to provide the video
files with higher quality with a short waiting time before starting the playback.

Keywords: progressive download, multiple paths, multiple connections, order control, adaptive control

1. XU ®IC

a)

JER RS TSLREEAG R AP FE R

Graduate School of Information Sciences, Hiroshima City
University, Hiroshima 731-3194, Japan
funa@hiroshima-cu.ac.jp

© 2022 Information Processing Society of Japan

EERE R ENA ViR AN K L, WiFi, LTE 2 WiMAX
LEWCODPOBEAT A TICERT A2 L2, EHF
T EMEOHBHE, —EA 2 EAEIHL TS

634



BEAIEF =R EE Vol.63 No.2 634-644 (Feb. 2022)

TWwa., ¥4 =3y bERHALTEEEDD 57—
YMEEEHT L7720, ERLY TCP 2MEbNTETWw
L, CCCREEEOHLTF—FmELIEY 7 by 27 RR
FT—FORELED LN, FOZT =L EINLT VDD
IRY. WEATA TRIEHEHE R TETWDLD, v

P = ZIZBWGRIER /ST v PO ARTEAET L L, itk
O TCP T A VtIN e w2 Edh b, 728 213N
v b O AR EFERIERR (RTT) 52 6h7ck 512,
TCP OHERHZR AN — Ty MR IR TS [1]. 20
P22 L UE TCP @ AV — 7 v MIAEEIERERT Ak X
{Tpdh, /Xy baAEPKE AU, 23ICERT T
HTZ EILA.

WERAT AT OWBIRKEL LBDITH L, HEREER
IS FR A EEE IC IR S N B oM HEL <, R E L
T2 ERE (BDP: Bandwidth Delay Product) 13k & <
HAEmICHE. ) LAEBDP ) Y7 IZBWTEWE
Hexigb720, TCP #D L ODOUE, & 5HWIdHEHRD TCP
BHROFHICOWTIES R SIN TS, BEOB L L
T GridFTP-APT (GridFTP with Automatic Parallelism
Tuning) 75 % [2]. GridFTP-APT 3% v b7 =21 »
7 FICHE O TCP Efi x fxr L, ZNZN oM % Bl
L5, 8l TCP #EHOAB~HEST L. Lol
BE4H, RG> TETWAEEDBEA T4 T %
[FIIE LA ) BRI O BRI EE L T e v,

—J, AV =%y MEHTE LI TWET 7Y
r—3are LCEEAESD S, BEHEEICIE 8 v b
02 %2 L CIGEBIE 2 B 28D & 5 2%, WESTIE
FEEOFHW TCP E AL -7u Ly v 75y
O—F B 2FHBEERHESL L TWwE, FasLby vy 75y
Y= RO F -8 257 a— LWL HET S
Bicds, 7arlby vy 7y ra— RidELy 7 b
YT EEBALRLTY 7Ty TS HIETRETH
D, CDN &IEENL a2y T U YEEY—E X & QMR
BwZEhs, EERFEATHS, 72 HTTP Adaptive
Streaming |2 & V), H8UZIE U CTHE D SE OB EERS 7 7
ANVERELTCBE, BHULLOZEWIHERT LI LD
WHETH S (4. LALENS, 1 KOFK TR GHED
BAL—- I TCTLFaIBEonRWgardsb. 2 TH
BOZFIZ 1RSSO TCP #Hfn i v.LTr7ars Ly v 7
Fora— RNeEBTLHAPREINTNL 5. 20
FRUE HTTP 81 77 4 Y ZRGTEH L T TCP D
PREZ TG T 52 L2 HIEL TW A28, Fiko X9
2 TCP #ift 1 K72 TlE, »AREBORI 512
PN nWiaErd 5.

FITHRADHTREI V=TT, ZOTO Ly TH
7 ru— FIZxL, A JBIE - N7y b O AR DY
HICFHTReZR R E LT, #4 <OFHICL ) @M
FORERET S5 A VBB ZER TR EZRE L TE 7 (6.

© 2022 Information Processing Society of Japan

Z ZCEMN 2 SRR IEEE L TEZ T,
RFETIEINE CEBZYR LM L2THANTET
Wy A < ERERIZIR 7 (7], [8] (ARG 22 BFAM &
Z, Bl BEmTIEREMZ S LT, KERXOFRE
FWOTORTIEAHWNET L, HETAFIHEELE LT
BA Yy =%y bOX)BIFFELAY PT—0THY, %2
WA WY > TEWIE OB B EEY — U A 2Rt 2
CERHEETL. MO FANOEBEL N EEICOWT
{3 multipath TCP [9] DHFZE T b ifdi S AL T B R
HETHLDOT, KBV THSEOREL TS,
AREOUTORRZHHICE Lo b, 2 =TI
THNL, REOMED T EHL 2T A, 3 BTIER
FTLERFAM AN L, FHliF L $ 22T 5.
4 BTIRIRETHERAFRICOVT, EEE OB EFED
FEBTREMEOE 5 5T 5. R 5 TIZB W T
Lot DEE I OV TR R 2 |

2. BEEME

RETIE, 2.1 §iT TCP ORIEIZATUL A TS %
WAL, 22 iTH A ~RERZRFAEZEA LT
Ly Y7 ¥y ora— Ne34 5.

2.1 TCP OREICXNT BT

A =3y bE@LTT7 7ANVERETALER Y,
BRSPS LERIGEFI N T Y AR—- 7o balk
LTTCP b T&7z., L2L%ad5, TCPIE 1R
DEECTHEIEND T— I HPEEINEFEBY) THLH I L
YRFET A 720, N7y MR LG EICEDOTEENTE
TILETHRBEONT Y vET T r—a JIET S
ENTERVE V) HE (Head-of-Line (HoL) 71 v &%
Y UTE) AT SN, ORI 5720, #
o TCP Hfi # ML LT 7 7 A VESE LTRSS NS
L, HEO TCP Efit w5 &, TCP 2D b
DHEBIETSHZ L7, TCP i 1 ATRREVWT AW
WIROARFIH O WEEIC 2 A 2 LD 5. OB ZF
BRICFIHS 2 b7 v AR = Mg oFdgii & LT Multipath
TCP [9], SCTP [10], SCTP-CMT [11] #5& ¥ 51575, W
FND HoL 710 v F ¥ FRENO LA NLETH 5.

T 72, HEO TCP ki & FRICH W 723546, @8] 2
BEhET 20ENH 5. HinBrsLziriiud, $XTo
R CAEILTH v b7 — 27 OFIFW R vy
VIR D . — T, RS \vwE, TCP #kiss
HWZTHL, Bt 7 — k@ R v b7 — 27 OFH
RIS A Al A eSS A, Rk GridFTP-APT [2]
PREINIZS OO, ESOBEATEEREE, MHREREES,
HARIRBRES | A IE S8 5 720 OB R B a0
VETH 5D,

O TCP Rt W77 AV ey u— KT 5

635



BEAIEF =R EE Vol.63 No.2 634-644 (Feb. 2022)

< Request M Arrival 1 in-flight

B2y T2
PR — — 2} Lo ——

3& 3 W Nl ] 31 i <7
NN W n i Treagired i
N, required -

Time . . . . Time
1 2 3 4
(a) ZASBRENTY (b) &4 < BRE)TY
1 ZEERER L & A < BREPEL 0 BR5

Fig. 1 Reception-driven and Timer-driven requesting schemes.
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1 function req( path_id ) {

2 num = num_of_conn(path_id); #3327 < a »#

3 for (i=0; i<num; i++)

4 conn[i]H*ZE & & Hbreak;

5 if (num <) {

6 b = next_block_id( ); #RDERFKR7 A Y &

7 path_id@Dconn[i] T7 Ay 7b%EEK;

8 MWEEIAZ IV avhRIThIEEEL AV

9 R + XSRPRDIEZ IS req( path_id)"MEUMH L;
0

(a) requesting function

1  function recv(path_id) {
2 b = recv_block_id(); #33{E7' A v ZID
3 r = update_comp_stat(b ); #2{SF 70 v S BH
4 if (r == COMPLETED) exit();
#27Ay VBB TTAY T LET

5 intvl = block_resp_time(b); #/i& A5
6 update_intvl( intvl ); #:X{S FEFRE
7}

(b) receiving function

B2 BoklZECMT HHMD - F

Fig. 2 Pseudo-code for requesting and receiving functions.
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Fig. 3 Requesting in reverse order on the first time (cited from

Ref. [8]).
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Fig. 4 Adjust the ID of next block to be requested according
to the history of response times (cited from Ref. [8]).

© 2022 Information Processing Society of Japan

2OV TR EORIERE Z B § 4 [7].
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(AR RS NE SR RE 2 A L, Bz ic 2k 7oy
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IZBWTEHET 2 HERICOWCER T 5.

4.1 EERIREE

B 5 12 ns2[13] (ON—3 3 ¥ 2.35) & HWVTHERML 7
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AOFEK % Path 1, BX W Path 2 & L, ZNFvmiliz
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1 FERNTA=S

Table 1 Parameters for download experiments.

Simulator ns2 (ver. 2.35)
TCP version Reno [14]
77 A V¥4 X (MB) 20
7y 744X (KB) 20
FEIT a7 1,000
INA T T A FRE 1
AAT L 10
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Fig. 5 Simulated network topology. (a) disjoint, (b) sharing broad link, (c¢) sharing narrow link (adapted

from Ref. [8]).
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Fig. 6 Download completion time for each method.
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KRB OMIEIE 10ms & LTW5A. FE OB ny,
12100 & L, FEHR 2, 3Tl n, BOBEIES LT
BWIIHERTL 20 v s, EFR2BLD
3OEMBFEREIEDO L 2 W ilidg (& 50 & L7z, fIALE
TROENE r; 1310 (%) £ LTWAE7D, 1,000 5EH 07
0y 709 Lo 100 8% TREICERT 5.

4.2 BWIIEL 2 BIRICH T B

RETTIEM 5 (a) IR ENDHWIZER 2 FHICBNWT
FERERIT o7 Bl 6 I8 ARUICL A5 v a— FiZhho
7HER & 10 MIERAT O & U CERli L 2/ R 2 7R §. K
W Path 2 D23 v PO AEEZERLTBY, {tidzo
EEDYHMETH D, T - N FEBEFAEEFRLTW
LA, X—=HIENLEIENS LT bEINDL. L
e 79 7 TRTIRCAMDO LT —N—%FRLTWD,
ORI YRERBETS 70y 2 A4 A0 U SIS 2

LDOHRTIHDLI-0, TCP EHIREIZALIZDICHnRAKE S
wE L.
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6 &b, ko y A ~ERE)HERREZ EEH e § 55T,
WY METH D 10ms 1IZFEE L7z & & (Existing: interval
10ms) BEHETHLL0D, EWE (50ms) 1Zi&EL T
LE)LRELTHERMIREL LI WG 05. —
75, #8571 (Proposal 1) TIXHER &€ B 50 ms 12
e LG A L RFEREOME LA RO TR, 7272
L, @82 BRIEHEIICENS SN TV R BAF LM TH
L LITEENLETH L. #FEHA 2 (Proposal 2) T
X UAR 25002050, EROBEZMED 10ms D&
ERIZAEDOMREILZE L TRELNTW S, ZRME %
HHRE»O RS 2 3 REHAN 1 BL2 THHEL T
B, EIN 2 DI3) PEE AT RE BEICRITT 5
LT, IR TOy s REDLI LN TELLEEZD
N5, S5123% 303 (Proposal 3) Tld, L 0EWw4
7o — FEEEAERTE TS, ZHUIREH A THE
VAT L 7o M6 R % 0 [l PR e 0 B 2SRk i & sk 7
Ty 7 ID BRI L > TR LIS L0 TH D
EEZOND., BHEFIERMNEAS L LRBRIHENT S
43 HiDFK 3 TOMHRATE 5.

Fou— PR 2 2R 2 BERIZOWTELET L7
B, BHRIZOVWTET Ty 7D 95% (KEERTIZ 1,000
Tay 7950 70y 7)) RHUGT A E CTORMAEERIL
72, TNHOfHIE Path 2 D37 v PO ZAFEIZX 5> Tikd
FOELL W EDDHo72DT, X6 OREEIAHYS S
5 0.005~0.1 D 11 Bl DOWTER L, S0Py & g
WELLTR2IIRT. £20MR0Y (a) £V, RBEN
X2 I EEROEELD ), 95%D 70 v 7 & i
TAHITORERBPEL Lo TWwh, ZRUCH 2 0b 5T
FhARRESNL LV &7ay 705y v o— NI
W oTwb0l, HEOEHVEEFERICLY, I
DIENTZT Ty 7 & @mB B r ORTE I EI2E 2
tEzoNL., —F, —FEHFX3 R BR%O7T0 Yy 7 &G
LM A ER L, HEORENZ7TT Y 7 ORER D R K
ATVWELEEZLND,

M6 OFERLY, MEHFKX 11T v O ARl mWIT
EF vy ou— FIEEDSE AL B 2@ M5 H 525, o i
BLWTRID L) REANIEE TR, TIUERESHR1
ICBWTHEBEBEREFETT L8072, N7y
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®2 E7UY 7O IBRENET ST TOXK)OFIHTEEFH &

B2 (72 3M) (FREY (a), (b), (c))
Table 2 Average and standard deviation of required time (s)
to fetch 95% of all the blocks for each method (topol-

ogy (a), (b), (c)).

H N hEnY (a) (b) (c)
WEA7 773X 12.65 | 17.03 | 41.40
(10 ms) (0.14) | (0.19) | (0.60)
WEA7 73X 24.10 | 24.10 | 41.69
(50 ms) (0.10) | (0.09) | (0.67)
EHA 1 12.80 | 17.23 | 42.19
(0.12) | (0.17) | (0.54)

FEHA 2 15.72 | 25.04 | 58.77
(0.05) | (0.17) | (1.73)

257973 12.50 18.4 | 48.86
(0.11) | (0.17) | (0.95)

MBI A L EE AR CER L TE Yy 7 %,
BEETTAEITHLHRITCLE)I LOTHLEERZD
N5, EE, £2X0L8709 270K0 5%OREIZEW
BFASED 5N TW5E Z L5505, % TCP #Hi 0 HE
EKTFOEAVIETZELEETHLLEEZLNLDT, ¥
O — FEFHEAALEIC A —HEbhoTnd, F/HE
Kb mnizw, KTINEL RH I EREMBIRE, B
KEMELEL A IS L. —T7, BEHX 2 PRET
K3, HEARBERCER LA 70y 7 2 Do
BERTISTE L7720, N7y hOZAFRIZL->TAKER
WErZIT TV WnWeEEZLND.

HB2AROBHEDOEF W TH 5 14Mbps & 5E4
W > 2a 0 5w v — FEERENIE 20,000,000 x
8 (bits)/14,000,000 (b/s) &V, 11.4s TH 5. F7-EEAFHF
72 [12] TIXFA CBREETH 13s D& 7 0 — N & #8 L
TWEAH, Tty M=% 2H o0 Lo -> T
LV FRIGHIRTH .

RIZ, BHRONEFEHEEIZOVWCEHT 5. & 2Tk
BNy 770y FEEEERL, CNEFMREET 5.
WMYNy 7 7)) RS, BESNHEL—- T
)= A4 52 R HETELRDFEVEBKFHZIEL,
OB 2T RISy 77 ) ¥ 7T IULA L — X B
FAEPEHTE TV L W) HETH A, 722 W7 T
(A R, AR ISR ICE D IR 727 a Y 7 ID &
L, K7y 7 OFERLE 7Oy FLTWE, §XT
O7ay MIIBESNFEL - FOERTERLE &,
WORER XYHMY Ny 7 7)) v 7HRTH 5.

X 8 X & HROME NNy 7 7)) > ZH % 10 AT O
P TEA L 2R TH S, € 8(a), (b), (c) FFIZ
N, FEL—M% 100KB/s, 1MB/s, 10MB/s & L7:%;
ETHD. 728 2IF100KB/s 1 800 Kbps IZHIHK L, Zi
{Z YouTube ® 480p B |ZiEVETH 5. IRESHA 1D
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Block ID (Playback order)

_T_, Block Arrival Ti
Initial Buffering ock Arrival Time

7T OWENY T 7)) v TR
Fig. 7 Definition of initial buffering time.
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Fig. 8 Initial buffering time for each method (topology (a)).

M Ny 7 70) Y TREPREL, AREICRLEAICH
HOE, M6 &FAEIEE TCP #flcE ) Y Ton/ir
Oy 7 QFZEPENTNALI EICLLEELILNS. Lk
FHAOWFTIICHERTY, FLREHFA1LBLO2 X
TH, —EFR3ZHVAEZLIZLY, HuwinNy 77
)T AER L TWA, FM6 LY, BEHFR 3T
Fvru— FEREAHE . LzaT> TIREHR 3 I 6 &
M8 226405h L) IlEmilcyy - RT&L7217Th
<, PRI S BB &, Ny 77 ) v R 2%
CTCHELEVZ S,

4.3 HEV LU EED2RRICH B
KRETCREBORHS AL TWEY ¥ 7 IZoWTERT
720, WETTHE LAy hT—2 bR Y (K5(a))
Nz, BEe2HEEONE) v 725 D200 %y b —
7ROV (A50)BEIV(c) ¥EETLH. NS5O
HWEBEOLEZEEBTLIHY), 320Dy VT —7
FRB YD R LN FELEMERD L) ICRELLD, It
BRI ) v 7 REE L FARE Y (¢) Tld Path 1 0
Wil Path 2 LW U AMbps 25K M vty 7 L7 B BEAT
fiff58 [12] Tl v b7 — 27 FAHEFEANEB OfER 2 & 12
RSN TEHZ 5N TV, k)Rl v 7Tk
v M7 =7 SUDSIEREI IR T E R Wil H 5. 2
CTIFIFY Y ORBIIOWTHRH TS, INALD MK
O MBI EETH ), — W ety FT— 705
FAWTREE ISR DORETH 5.
RECREFRN e G e L, G v 7 OB
L. FTITRTOED 7740V (7avyy) 2BETHE
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Existing: 10ms —e—
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Loss rate (Path 2)
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Fig. 9 Download completion time for each method (b) sharing broad link (c) sharing narrow link.

® 3 HHAOEATLEIE 7T v 7 BOTHE & FHERE (h v 2
) (RO Y (), (b), (c))
Table 3 Average number and standard deviation (in parenthe-

ses) of redundant block receptions for each method
(topology (a), (b), (c))-

HA N bR Y (a) (b) (c)
WA )73 2.86 2.52 2.76
(10 ms) (0.57) | (0.60) | (0.38)
WA 73X 12.21 12.14 3.77
(50 ms) (4.63) | (4.63) | (0.61)
51 19.98 | 19.93 19.95
(0.04) | (0.11) | (0.07)

50750 2 345.24 | 488.59 | 381.96
(10.50) | (9.32) | (15.66)

%7753 68.79 | 107.06 | 192.77
(2.88) | (7.65) | (4.49)

TOBETHL Y v O— FEEIZ NSO EROER
WERTRETHLEZZLNL. [5(D), ()D& FE
O JI2onT, HEOBRKBOE MV LAy ZaigizFnEn
10Mbps, 4 Mbps TH Y, 20MB O 7 — ¥ % BU% % FiAg
B 7 T BERERT 12 168, 40s TH 5.

X9 ddF) v e2FFo22o00Ry b= hROY
(1 5(b), BLY (c)2H) 1I2BWT, £HRIZDWT, 10
AT L2 I ab—Y 3 VERBROFY S Y o — FER
AT, K9 XY, WHEY V7 EFHEOMREIICZBRTY
BEFR 3 IFEVEHTY Y v 0— F25%TTETWVnAE T
EWH L. ZOELEHIGNER WA Ok A 2 & T,
FERFERE ZNICED %) MEZEVHIRTE Tn b7
OEEZOBND,

K3 EFEHACBV TR S NZIERT Ty 7
BOFHEZRT. ZOfEIZERL L3 v PHAFEIIB N
TORELEEDNASNGE o278, Path 2 DK/ »
I ZAFZOWTO 10 BT E, X6 OfH A
L4 2 0.005~0.1 D 11 FHZOWTEF L, &E0FH L
TS L L TR DTHL. £33 X, BEHA3
DILEZE 7Ty 7 I RFEHFN 20 1/5 05 1/2 L
o THBY, WHORENIMZONTVE Z EWGD5.
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Fig. 10 Initial buffering time for each method (topology (b)).
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Fig. 11 Initial buffering time for each method (topology (c)).

X 9(b) BLU (c) I2BWTHIK 6 &K, EHN1D
Frvra— FIERIZ ST v PO 2RI E, B LD
I H 5. ZOMEE PETD () EEMEEL SN,

B 10 12 MR (b) IZBIT 5 &KIEEREL — PO
Ny 77 ) TR ERT. 72K 11 12 R (c) 12
B ARAKOREELZRT. 10 BLUK 11 L), »§
NOREFL—MIBWTY, REFRNEIBMALFXLD D
WARIESEDI N Y 7 7 ¥ ZIER 2SR TE D 2 2%
25 [8].

4.4
EWHEEBERO Ry VT — 2 2R TAFEE LT
X, TCPOUA Y FUHFodb 02 BT 57 70—
Fbdb (15, LELEVES - FUCHEO O s Ly v
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TE A= K0T ) — a3 3B NET
LT ELNy 7 7R 2 5120 0b 59, TCP
13 ;%12 First In First Out O B % 2 I FE #I# 2 23§
5. Z1UE Head-of-Line (HoL) 7@ v ¥ /ViEZH] &
RILRLTWOT, HEOMY L7~ % %1647 L TGEE
T WA TOP 5kt 2 HEARE. T 5 2 EDEF L.
MMCFTP [16] b £% D TCP ##x 3§57 70—
Zh3, HEM, $hbby—nfliic/rT7uyF 7 1/0
LTV 7y FAPLZFIHLCEBLTWA, TCP IZX
% HoL 780 v &7z Nks 257 70—F& LTI,
UDP & LI & s QUIC[17] diEH A HEH TV 5.
KO Ialb—va V3EFRAEEL T 712
BWTH, Y v 7 \ICEEOWIE, JBIE, BXU/T v b
DA% ELTCEELTCVWS, S LAN ZEDAT 4T
T 7 AR AL 7o BRI A ROBETH L. B TCP
DRI DV T OZE [18] ICB W T, IEEES02.11g £
# LAN % %8 L C TCP OB 2 57l L 724558, A
)Y O E RERWIEEELN TV,
KEEDEBRTIZY 7 > O0— FORBIORTET, *v
M= REIIZILL 2w 2 HELTWA, LaL%
DBOEBDO Ry FT— 27 TIIEDREZOND. [ERDZ
15 BRENTY < BEAT 20 ClEERe R TR B bR & v o 72 % [
ECFHOWEN D 572720, LDy 87— 27 THY)
ICRRESNTWTY, 2RI E 2l IR T 5 2 &8
TEBV, —J, RETHRET 282K RS L
FETOy 7OFEL — ML o TERMREZZLZHETE
L. EBRERENS DD LD, ol X, EEE
M, BXONTy NOAKRYPRLEL 2004y T — 28
B CHIE 20 MB, % 20MB O ¥ % >0 — K& - 723
L, FNFNTEWY Y v a— FEER &GNy 77
) 2 IHEEASER E A 720, 40 MB RO B i HIE T
LD & BEIEIHHIETE TV D & B a5 elkidE <
b, 122 UHBREHOET I LT, BT L7290
DEEMDBUIEIZ R B0, O HOERIEHEIZ 4O
e L.
KIROFEBFTIIEHEBFERDNT A= L LT, ¢g =20
Eodg =50 R LTE . g l3CHL[6] TV L 22Dl
P HEIEINTH, REBROBEEETIE#ET & TR S v, £
ZTey=5,10,30 DHAITOVWTIREFX 1YY v u—
N Z 5 L7z, Path 2 D&/ 37y b O AKIZOWTD
10 IEATFHMEZ, X 6 ORENIZAHYS S % 0.006~0.1 D
11BN DOWTHEEF L, SR & EHER 2 % KD 724
AR AIRT. £4 XD, BEIEEREZLIVNSCHE
LIV, ZoZkrn, BEHFX 12 =20 2k
L2 ETRBIE N EREE 2o TV AIREMEIT R E <
mwEkEZ ML, —J, REHA 2 LREHA 3 THRA
LTWwhdy=5013% 3 TH05b L) IlBEHBERY LD
ZHATE B DY, REHR 3 TIIw0[al FRE HE TR A A & B
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T4 REHNL Ty 2LHLILEDY Y v u— NER (s) OF
MMl & B R (1 aly) (bR (a), (b), (c)
Table 4 Average and standard deviation (in parentheses) of

download time (s) for each ¢y value in Proposal 1
(topology (a), (b), (c))-

ca \ hRBY (a) (b) (c)
30 25.26 39.99 84.63

(2.68) | (6.80) | (17.23)

20 25.98 41.53 84.17

(3.58) | (9.55) | (15.12)

10 27.55 39.70 83.65

(6.00) | (9.38) | (15.82)

5 25.89 41.13 85.55

(2.86) | (9.04) | (15.23)

Existing: 10ms == Existing: 50ms =@ - Proposal 1 == Proposal 2 =ge= Proposal 3 =¥g=
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350 T T

100 300

250

200 3

Download time (s)
o
2
Download time (s)
Download time (s)

Loss rate (Path 2) oss rate (Path 2

-

Loss rate (Path 2)

(a) (b) (c)

12 PREY (a) BVIZHE (b) IRATEY) ¥ 7 O3 (c) PRy
YooK, 1ZBILESAOF Y 0 — NI (Path 1:
100 Mbps, Path2: 1 Mbps)
Fig. 12 Download completion time for each method (a) dis-
joint (b) sharing broad link (c) sharing narrow link
(Path 1: 100 Mbps, Path2: 1 Mbps).

k7w w7 ID EREICL ) EEFEEROER & 2 5 )HE
FHEHAREZ RS TN TETEBY, U EDOF 2 —
SUVTREARBEEEZ TS,

4.2 BB L 4.3 HiOEEETIE 10 Mbps & 4Mbps @ 2
W EME L TV, HHOENFL ) REVLEEICD
WTIREEL TV Ao/, ZITH5(a)~(c) ® kKO
JIEFDOF F12, Path 1 O % 100 Mbps, Path 2 O
% 1Mbps & L72EHOA %@ L 72858 OB IMERD
BRART. B 12 1357 v — FEER 2 BT 5. 68
DEPRKEVHEIIBVTHIRESTNOBEM S HRE I N
7z. 722U bR Y (a) & (b) TIXAFTIEAT 101 Mbps
& 100Mbps TH Y, 20MB % ¥ 7 1 — ¥ 5 ERHIFN
B, 1.58s & 1.6s THhb. 2FWEWNH = & TR
MEVCIR B T L B2 D LI D 1D & % FIH LSk
BORBIFHALe2nwZedbEz o605, —F, bRy
(c) TIE 1 Mbps 25D 728, G EOFTEEI 160s
Thb. EOMROYTHEEMEIVESR->TEY, 2
LR DO NFE 12 D TCP #fi 2 fi . §5 2 & T
BREOBEDVWLL Lo TVAEZOTHLLEEZLND.
F7-H 13 THRELV— T oy 77 ) v TR %
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Fig. 13 Initial buffering time for each method (topology (a),
(b), (c)) (Path 1: 100 Mbps, Path2: 1 Mbps).
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