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Abstract

In order to provide a long distance communication such as the one between two nodes separated by about
halfway around the earth, a multi-hops satellite communication system which goes through multiple satellites is
attracted. Furthermore, to cope with disasters, the system is useful as the alternative links of submarine optical
fiber links. However, the existing researches have not evaluated the HT'TP (HyperText Transfer Protocol)
performance on such multi-hops system both theoretically and experimentally.

Therefore, we evaluate web data transfer time based on HT'TP over the multi-hops satellite communication
system. Firstly, we propose a new formula for the HT'TP1.1 performance over the system. Secondly, we also
propose a formula taking pipeline requesting into account. Finally, the calculation results are compared with
the experimental ones based on the SKYCAST system, which is one of the multi-hops satellite communication

systems. As a result, it is shown that the values based on the evaluation formulas are close to those from the

experimental results.

key words
Multi-Hops Satellite Communication System, Web Data Transfer, HT'TP1.1, Pipeline Requesting



1. (FL&HIZ

1 OOBEHEERBAOHRTIIMHERE AT S X O Z2Bth
- 2 AR AR SEEY -2 0ERMIIRETHD. =
DL HEREEBRERTRETIHMNE LTATFHR Y
TEREBEVATLABERSR TS, £, BEBEY
AF ADBEOMKEMIC LY, v AFRy THEBEY
AT MIBEXRT 7 A NOREBRE L TEETHD. £
72, Web VAT AD¥ERIZELY, T7Vr—varrn
Fzl d LT HITP OFFENEL hoTWS., LnLA
Bh, TR FRy TEEBEEVAT AIBIT
% HTTP % fv 7z Web 5 — & 2&{E R O34 & B3R HY
BIOERMIZIT-o TOBHEIXIZE A ERW
TR TIE, wAFRy THEEBEVAT AL
i1 % HTTP O 2 Btk L OERMIZIT - 7.
¥, vAFHRy TEEBEVAT AIBT S HTTP I
X B Web 7 — % 2R &R D 5 H 1o i FFEMRZ <A
TS VERBEOFECHTCEHRLE. 22T, ¥
H L7 FIEEIESCRR [1] R L le o T DL RIT, RBE
LEFER LI VB ONIRERE VT Ry TEEBEY
ZFAD1DTHD SKYCAST VA7 A [2] 1o X BEH
% BEHE Lz, 2OfREE, BELL HTTP FHER X
DELNIEREAEIC X GERIL TS Z L350
7o, L LAads, BROAOERTIIERMEL FMEROME
IESITIF—HLTWRho ), EOEDOFRIZD
WTEE L. FOMKE, ZiXSKYCAST VX7 LD
SKYCAST N7 BADLERERIC L > TEL TS Z &
Royhrotz. T SKYCAST N7 RANONERH % Z &
Lize 25, FHEROBEIIBDO TRV B DTN o7,
T, 2ECIIARETHRE LIZFXy NU—J T
N, BIOBEREER Y. 3ETIIEH L HTTP &#
ROV THATS. 4 FCIX#EH L7z HTTP 8§74z
WCHESLE L ERIE & OB EITY, HEBRRICSWT
ZETH. BBIC, FETELHETD

2. #{F

ZoTE, Ry FU—7 BTV L B RICOVCGRT.
2.1 2y FI—=UFETFN
R1CABTHRL T ATy TRy NT—2 %
RY. =B OOFT—F I =N IS4 T FED
R (TV) % N(>2) EHB LTS 547> b~ik
bhd. ¥, BT 547 2 bbb ORERGE b
EEE (EV) 2 NERALTH—"~Erbhs. K1
WZRWT, HiE ) — Rid~ArF Ry 7Ry b —27IIZ8B
BBEHEE L PR (N BERT. £k, 77
ATV R BY =3~ LY BERROEIEE By(m) : (m =
1,2,---,N), ¥ =057 74TV h~OTFT Y EROH
B4 By(m) :(m =1,2,---, N) &F5. LV DREHK
BIEE 7 (m): (m = 1,2,---, N), TOOGERELEZ:

TR — F (BIARE X1t KR
— (FOER) : T4
—p (£ Y AR ) : Request & (X ack ( HERIGE )
Ba(1), Ta(l) Ba(2), Ta(@) Ba(N) Ta(N)
=] | — iy - T . A7
| = : — Q0

N-1

1
Bu(1), Tal1) Bu(2), Tu(@ Bo), TuN)  Client

(H1EKSE )

Server

( HhEKJE )
K1 v FHRy TRy hT—7

ma(m): (m=1,2,---,N) &F5. EblZ, 7—Fk&7
AU WY A RE Py, ack BT A2 MFA X% Pogk, B
X0, TCP & IP OEE~Y FH A X% Pheder £ T 5.
ABCRHBLTASAF Ry TRy hT—271%, AL
Texy hU—7ThHY, HEPRESEHETHER SN
HBEVWHREEREL. &L, ARMTR Ay tux%
ZELRV. ThLOREXBEEREEZAWERGER
1] KESNTEY, BEHRREETHS.

2.2 BERZR

BEBIEY AT b EICBIT 5 HTTPL.1 OMEREFHEIC
DWTEIZWL D 0BERH . £, K[1] 1
HTTP1.1[3] i2#-35< Web 5 — & 2{F05R % 3K ¥ 5 5l
KREEH L, EUMEE OLEFHMEZToT 5. EHIT
HTTP1.1 DA 75 A VEREEEE FAVHE, XU,
FHEROEH bITo T\ 5. KIZ, 3k [4] THXHTTPL.1
DR T T A CEREAEE FV B Web 77— # X{ERF
MZERN, BXY, EROCEFHMEL NS, Sbig, 8|
By 2 Ry OMEHEEELS YO HTTP1.1 OFF
HEHIToTWAE., LaLadb, ThboXmx, v
nb 1Ry 7EEBEV AT LAERALESEEO HTTP
DOYEREFHMEICE EE o TV D,

< VF Ry THEEBERY N —ZICET AL LT
JIICER [5] 238 5. TR [B] 1%, v AF Ry THEEBER Y
R —21Z81375 TCP OHgEE Y Iz b—aildy
FMLTWS. ZOFHEE, BEFROUVEXICED
N RF—NRBAERICBITIER RV a i T 5
BB Y U TOAEMICER LTIThbhTna. Ll
RBG, wAFRy THEEEV AT AIIEBIT S HTTP
OYEESEMIXAT LTV ARV, £7, STk [5] ik —
FELTCEEHEDAZERL TS,

PEn iz, Pk, — N LCRIERHE & PHEMIER
(N7 READETER LA Ty THEBE LA
7 LRI 5 HTTP #eBfHliIR ZiThbh ThRw,

3. TIFHRy THEBERATLICHIEL:
$ri- 1 EEE=

2 VFR Y TERERE Y AT MRS L HE R
HTTPL.1 OFMEREE T 5. Fi, AT TA VEK
K ZEB L2 BAOFMAbEHT 2.



3.1 HTTP1.1 8i{EiE

¥4, HTTP1.1 OBWERE %231 7 T A L EREERED
HAEZ 3 TR,

X 213 HTTP1.1 TRAL T TA VERBZWESG LD
BEED Web F—FEEOKTERT. T, 7747
¥ MIZBWT Web F—FERBEAETEHE, aX7 T3
CORSLBITEND. RIZ, 72747 v MIT—Nich
FCHTTP V7 =X M &EFTW, D%, —NL TCP
L BF—FREEIT). 22T, (a) A TFAVER
BRVES, (b) HDEHE, O—EOF—FREDENE
UTICHEICELD D,

(a) ¥, HTML 7 7 A VEEOBRC RS Y a ViR
EETH. TO%, 7547 MIERL Web
R=VICEHEENHLEBET—F DN 1 OOT—FITH
FHER (HTTP get) 2470, H—hbOEEE
o T LH LNERETT ) BIfEL R Y T [3).

(b) =XT ¥ a v ORER, BRLE Web ~—Id
ENBEROT—F T HEEERE Y — D
DREERHEPICERLTIT ). F— 2 BEREZT
Boft—N%, BEREZTROTIRETI 547
v hNETF—-F 2R ETS (3]

Ul kv, HTTP §@RX TCP I2 X 5 57— ¥ # {58
flcaxrs va VERERMEMXS Z L CHEHHEWRETH
%. 728, HTTP #ERIE, 7547 FA HIML T
A7z Web ~—3 (LIE:, HTML 7 7 A L EFER) 1T
TIEAL, EON—VIEENIEROEREDT —
AT _RTEETIECOEMEHET IR THS.

3.2 FHEXOZH

T ITIE, FHEROEHE 3 SO T THEAT
5. £, (I) THTTP LB 2%k 7 v a VkE, Web
T ERIZET R A RO LIRNETRY. KT, ()T
TCP {2 X % Web 7 — ¥ #EHM 2 EH T 5NERT. &
iz, (II) T @) oXNEAWTHTTPLLIZ LS Web
T — & RERH 2RO 5RERT

7B, RFEHROBEMIL, ()WebT—FD K5/
ST — 2 BB ET IBEIHISEE 50, vA
VRt A AOBEEE A ERLTTCPIZE D
F-FRERMZEHLTWBE, (v)&Y 7 OER
BIE, BLY, HEEBELTVWIR, TH5.

D axsavRE. T-2ERIZETIHHE
Pronnect AT ¥ a VIRERE, $£700%, Web 7T —4
EREFIZOVIRY SND 7y b A X5, K2
LY, axrva URERRIL, 7y b OEHER L
£V V7 ORRERMORTE 2y, (1) Re2d. 2
2L, Ev - FOERENENOR ARy T Y 7D
Wk By, Bg 15, 2T, By, Bg l3ENTH,

Server Client

Client

Server

7{‘(‘3}:5)'11 ack Estublish o
Connection

HIMLT 74 /% . <
DER

T4 1~D

M [ HrTP g
—F =520
HTTP gt
s
-f@auw
%g . HTTP get .

@ "4 774 VERELOEZE (b) " T T4 VERDH Y DHE
2: HTTPL.l TRA T 7 A4 VEROFEIZ L D Web
T—F EEORT

By = min(By(m)), Bg=min(Bg(m)) &725%. 2IZL,
Tu = Dot Ta(M)s 74 = Yoy 7alm) 35

Pconnect 2Pconnect

Teonnect = B, + B, + 14+ 271, (1)

F7, HTTPL.1 TiE 2 EBUBENDH O Web 77— F
RTHEIRT v a VREEZIThRVED, ZOROF—
SERICET BB T e X (2) RO L DT B,

Tl = 225 g 7, @
(II) TCP I2& % 7— 2 4 {EHR

Wiz, TCP Iz L 37 —4 #EIEM 2Rk 2 RETT.

TCP Iz L 37 —# #ERMHIL, HORRTOYA LR
TYAREBT—FREEBELROTA L RUH A RITE
L7 —ZREETORR GHERR) 27 —FRERT
ETRLEDLED Z L THNTED. ZOXERMR (k)
iE, SV R RNY TR ett, EEEOT—ZEERIC
BIBTAY FOYA X wk) 507 —5 2%ET 50
Mla(k), VA4 FudA X wk) 53D ack T AV &
EET B ¢(k) D 30D T A—F ONBEKXELRS
TETREB[]. 2T, kE1OD Web F—F D%
BICHER TCP I X 37— X EEHE T 5.

EFY, otz )Rk vFond. ZL, A F
DA XN 1 (FIHIE) ORRE (4) RERD.

rit = Q(Pseg + Pheader) + Pack g4 T (3)
Bd Bu
P ader P,

rit = Doegt Dheader | ook | o n g )

By By
7, alk), q(k) ZERZR (5) X, (6)FX&R5 1),

— (Pseg + Pheader) . ’LU(k)

ath = ®)
L rulk)
o(h) = 22 ©)



wiz, jEE O Web 7 —% F(j) ¥ ET57DICE
THEEMERT. 722 L, FEWebT—F8%En £T5
L, 0<j<nTh3.

¥, ARSI v a VRERD Slow Start 7Y XA
RHER S5 (EHREICBT 5), jEBO WebF—#
EFICET DM Toow (7) 12 (1) KTHZ OND.

th
Tslow(j) = Zt(k) + 74
k=1

+(F(]) — Zichzl ’U)(k') N Pseg) + Pheader
By

L, BEthi @) RckVBEOLND.

™

th thil
Yo Aw(k) - P} < F(3) < Y {w(k) - Preg}  (8)
k=1 k=1

Kic, DAy FOHA X wik) BERTA v KOHA X
LoD j 1 E D Web F—F BERR Tinws1 (5) 13,
Q) RICL0BLND. 2L, the EERRVAVFY
P A KTk D T 3R 0E S B RO EHRIE R [1].
o FU)
mesl(]) = "MI’VSJ ‘tmar + Td

(F(J))mOd(JMVVS) + Pheader .
+ B,

9

KBlo, AT TAVERR DS, HTML 77
A B ENDERDT — Z ot L Ol L CF— ¥ B
REFTSH. TORD, Y—ritsb kSN EEHDT —
5 ERETBIEDICET SR — DT —F Fp(=
S F(j) ERRAETBRM L BT o L THITE S
[1]. #oT, AL TTA LV ERD IS HED Web F—5
BEEBER Tonapen 1 (10) & 725

F .
Tnws2 = I’MPI;TS'J “tmaz + Td

+ (Fpipe)mOd(MWS) + Pheader

P (10)

(III) HTTP1.1 2k 5 T—2 A {SHM

HTTP1.1 T/8A 5 A VERPZVEE, nfEO Web
F— & EEET D OIET AR Thopipetine 1L, TR
v a VRRERE Teonnect, 218 B UAEO7 — & BLRIZEY
BEERE (n— V)T pnect» HIML 7 7 A VEBICET D8
B Toow (1), BEC, HIML 7 7 A MZEEND 2 HE
e DT — 4 FEET MO TRD b, (11) K
L.

Tnopig)eline = dconnect + (TL - 1)Telannecg + Tstow (1)

+ ) Tnws1(5) (11)
j=2

> -5
~p. Request R U

A—sS=/3= ¥ B2 Ack (BERRE

Bql1), Ta(t)

\ <
:NORNOR
L

Server SKYCAST N7/

(KDDI B4 ) (FRERR)  (ppvrier)

B 3: SKYCAST A7 A& iz 2 Ky T RBE Y
AT A

# 1 28y PHREBES AT ADST A5

7 —# %A X (KByte) 5,10,20
T—F T A FYA X Psey (Byte) 988
ACK 7 AV " A X P, (Byte) 40
B.(2), B4(1) (Kbps) 150
B.(1), Ba4(2) (Kbps) 768
Tu(k), Ta(k) (k=1, 2) (msec) 248

Wi, A T7T74 VERBHZEE, nf@D WebT—
2 % RRE T DREM Thipetine X, TR 7 ¥ a VERERH
Teonnects 2 BELUBEDT —F F,ip. ODERICET 2 KR
T ynnectr HIML 7 7 A VEFET HREH Toow (1), B
X, HTML 7 7 A MZEEN 5 2 BLUBEO 7 —F 2%
BIETIRHOMTROLND [1]. #25T, Thipetine
i (12) K&k,

Tpipeline = Teonnect + qqc,onnect + Tslo’w (1) + mes2 (12)

4. EERRYFEH

TITR, wAFRy FHRBEI AT MBI S
HTTP1.1 DM %, 3 ETRO LML 2K 7
BEBEVAT L THB SKYCAST V27 AEHNT

P—

179.
4.1 £y FIT—ONRF A4

X 3 ICFHEEBRIC AW 2 8y THEBEV AT LD
WMEZRT. EBRBREI, VSAT (Very Small Aperture
Terminal) #E@BIE L AT L&AV SKYCAST v 27
ATHD. P—\hoOF —F IIPHERF TH 5 SKY-
CAST T RERALI AT hnEbhd. 754
7 v b b OHERIGE S SKYCAST N7 RE&RH Li—
NABT D,

7245, SKYCAST LA A5Gl By(2), Ba(1) #58 b
NEY T VT DFERERD. :

R L 2H y TEEBEVAT DONTG A—F ERT
735, Web #— 2t Apache 2.0.40[6) 2ER L, 7 54
TrhTurs Al LT WIC libwww 54.0 NOTR

b (webbot)[7] ZEM L7z,



4.2 EBRER

H4131 250 Web R—JICEENBTF—F DY A X%
5Kbyte ICEHEL, EO_—VICEENET—FH% 10
&, 2018, 30 LB LSBT0 T —F EERRZRT.
®5iL, 120 Web2—JIt&Eh 37— ¥ % 10 EIC
BEEL, %7 —% %A X% 5KByte, 10KByte, 20KByte
LSBT — ¥ RIERRZRT

=P 2y FEEBEY AT LB S HTTPL1 ®
PEERIZ OV T Web F— # {ERICEB L, A4 754
VERBRWEEEHIBEEELETS. K4 0EH
BXy, NATTFAVERBRVEE, EETET—4
B3N+ 31z ohFERM A BBIEN LTS, —
FT, " TT7L VERBSHLHETIE, F—F I H
MUTHRERFEOEMOB G, 175 A VERB
RVEEORMS /O LIKMAZ bR TS, Jhit, ST
DEIRBERIERTAEEZILNRS. HI200005
£, A TTAVERBRWEE, 7747 M
EBF—FERLP—ADEOISEDERVIEIND 2D,
1Eyyar@iey 5472 MUTIERY =D b ORE
FHLEFML, = MTIEZ FA T "o DERFED
BERIRAELTLES. ThICR LT, AT T4 Bk
BHIEEE, 7747 M=o DIEEE/FHE
FREBROT—Z T HEEERETI LN TES.
WoT, F—2EITHE L CRRBIAKRIBIZER S NS,

wiZ, @I50EAELY, RETHT—F0OVA X%
WNESE786, 74 EE2BLSERIETRRY
B, A F5A VERN S B HRTEITH 15 RS
A,

EEY, FHROELT TR ERENIL L, 2
Ry THEBBEVAT LD LI R VF Ry THEEE
VRF AMZBWT HITPL.l OfHEICH B34 751 v
FEREEEZRIATIDRIIEN T EPHEFETES. £,
K4, M5 kv, MRz LA E ERER X ERIL
TWBIZERGN5.

4.3 8

X4, ®5 X0, Bl A TIAEREZRNES, FF
HROE L EREOHICERD B LRSN5. 22T
T 2T SKYCAST 3 A5 A% Az HTTP O3
BCAELRHEZNLEZ DN DFHMEROM L EHIEO =
DFERIZOVWTERT S,

9, RERIZHWEZ SKYCAST VX T MBI
F—HRZEORETFERNTS. SKYCAST VA7 AT
1, Y—N7 AT MIMTTT—F A LR
12, = MR E L TH S IDU (In Door Unit : B3
BH) b BV —NCx U TR SRS (LU, #E
ack EWESR) ZRETH L HORFFSNATVS. ZhiL, &
BBEVATLAEAVWEBEIZRBWNT, GIREEICZLY

|

70 T T T
60 o TIAmL RO M, A TTA e L (KRE)
ORATSA v (REXOH) @A F51 250 (HME)

TR

A (sec)

50

4
40 o

S
a
a &

20 B
cooo®oooo

10 15 20 25 30
T (E)

[ 4: F—% O EEAERIBED Web F— 5 B{Z R

70 T T T T T T T
8 TFA LR (FHEROE) A A 7T A %L (RWHE)
OSATTA Y (FEROW) @A77 HY (R

60

FfH (sec)

50
r

40

30

a
°

a s
10 o ¢ ©0 @ ©° °7° T
o L [ ]
s 10 20
F— 594 X (KByte )

5. Fe XA ZR LS ETBED Web F— ¥ E(E
a3

AN—T NRRELBETT20EPSDIZAVDR,
R T —FEEETREIZL TN S,

WIZ, "L TT4 VERBRNES, nBOF—F DN
JEBOT—FIZBIT BTy MEREOKRTFETT (K
6 2H). £, jEBOT—FICHT IREERRY F
A7y NV ITERS (R6D[a]). 4—icks i@
HoOF—# &g, ¥— Mo IDU #iRET 50 ack
kv EECTbRS (M6 [b]). LhL, F—rN32
FATV MRT—FDREEETL, BFBR G+18
H) OF —FxT257 747 v»bDO HTTP get &
ZETHECHERITNERL RN (M6 D [d]). ML
BEEELEZE LoD, tepdump T~ FEHWTER
DF — 7 EZEORT H B L.

ZOFRER, HTTP get BiEH I 5412 SKYCAST
TRTREAT v Mt L, <V F kv 7otk d L
B LT SN BEESMbo TS Z LRS-l (K6
D Aty, Ats). BEMIZIE, F—4F YA 23 5KByte ©
BE, 7547 MR jEBOT —XIZ5T 5 HTTP get
EEHL, PN ED jEEOT S ERELHEDD
%G, SKYCAST N7 B TITK 0.56 T OB 2 B4 5 4L
HR’fTONTWBZ i3 ghote. #-T, T—F 118
ZERTBHEIC SKYCAST N7 BICB O CAERE AR
FHmbo T ER3BALNE 2o T, )

—F, AT TAVERRBHHENL, T—FEICHE
bLPF—F ¥ X3 5KByte DB, F—ZRERKT
T3 ETHSKYCAST 7RI 5 AR E13H 0.56
Lo TWBERS Mo, ThiL, A T7FA4ER
DHBHE, 79472 bIT—2BEL DE/FTIC




S-IDU : %—<R» IDU

C-IDU: 2 747 ¥ MU» DU

D(1): Aty+ At

SKYCAST Client
g CIDU  (REMIAF)

% g-_—_:;c—;‘;
/ A f:30S
7
""" T

Bl ack

Server
(KDDI#%57)  S-IDU
—TH D

HTTP get

bl

[c]

— T —F 41 ~O
HTTP get

l%ﬁ

X 6: 8l ack IZ X BF—FREOKRTF (AT TAVE
RBBVGE)
HTTP get # L TEHTEHTHLEEZLND.
SF Y, 2EBLKED HTTP get 12335 SKYCAST
TR B AMERRRIT Web 57— & R ERERICRIN S
TWa7®, LD SKYCAST N7 BIZEIT 2 AR
OERE S5 HTTP get 12 1[HEEX DT LB TED.
EROBREEID, BRE — FIZR T 208 (K 6
D Aty +Aty) ZEETE S XICGHAEROEE 21T o7,
£k — RICB 2 0B (K6 D Aty + Atp I
b= 5iE) & D(m) &35 L, MEULFHERE, (11) 5,
(12) Riz D(m) ZEELE (13) R, (1) REBD.
L, AEREEESROPHE — FIoon T D(m) =0
LF3B. ¥, 1<m< N Thd. 28, SKYCAST
VAFATIREAMEE Y, F—F YA X0 5KByte DR,
D(1) =056 HTH 5.

Tnopipelined = dconnect + (n - 1)Tclonnect + Tslow (1)

n N-1
+3 Tpuni() +n Y D(m)  (13)
m=1

j=2

)
Tpipelin84 = Teonnect + Tconnect + Tslow (1)
N-1

+me52 + Z D(m) (14)
m=1
X7, @8k, LEEMEEELE (13)X, (14)Ri
I BHELEMOT - RERHERT. K7, K8 &Y,
(13) 3%, (14) REWAT 5 = & CEUEIC S bITEVVE
EZEHAEETHEZ LB HND.

5. B YIc
AT, <AFRy TEREEY AT AMCBOT

HTTPL.1 #F A L7z Web 57— R£ER M % 5 X 2 7l
KAERL, FOFMEEIToT. £, Web T —FEE
B 23R 5 B RO B Iz T, ST
£ VBRI BIE LRV BE & BT DA ORI
BRI ICHEE U, AR OBEIL, v AFERY TRy
R —Z IS BT, &Y 7 OFF, RIS

— 70 T T
2 & S TTA iz L (E L RER O i)
@D 60 Ho M TTIA H Y (WIELIHHADHE) N
~ A AT TA UL (KB a ®
= a
50 H@A1TFAvbh Y (EHE) &
ﬁ. A o
h o
40 ]
a
30
a & 2
20 &
8oooo0go000®

10geooo0@0o0”

ol ! I I |

10 15 20 25 20
TS (fA)

T F—Z OB TS ETIED Web 7 — ¥ EAE5 KA

T T T T
&S T FA VAL BE LR EROME)
60 Ho 4774 v5Hh MELFEAOH)
A 5177 LR (KB
50 H@/ 1754 vHY (KW

B (sec)

s 4 o & "°

o o @ °

° * F— & YA X ( KByte )20
B 8 F—¥ %A XELALE RO Web 7— 5 18
W

ZELTVSE, BIY, &9/ — FiCkT 508
BEZELTVWAETHS. KIZ, BRELEFHEXOR
ExTHRB70, v FRy THEEBEV AT LD 1OT
$ 5 SKYCAST ¥ 27 A [2] # AW = EBRIFHE % 1T -
7o, FTORKE, BRULIMRAIC L 2 EITEAEIZRL
ERILTWBZ ERShol.

B

AEFGEE D B (T v WBIEFERIC ZHHTE 2 KDDI
BROERT R % TR, HiE JARICEENE L ET
&E

[1] H. Obata, K.Ishida, J. Funasaka, K. Amano: “Data
Transfer Time by HTTP 1.0/1.1 on Asymmetric Net-
works Composed of Satellite and Terrestrial Links,”
IEICE Trans. Comm., E85-B, No.12, pp.2895-2903,
Dec. 2002.

[2] & BT, EH SLE: TEFm VSAT/Y 7 by =70
BA%&| , http://www2.crl.go.jp/mt/b150/SIR/17/
SpecialReportJ.pdf, Oct. 2001.

[3] R. Fielding, J. Gettys, J. Mogul, H. Frystyk, L. Mas-
inter, P. Leach, and T. Berners-Le: “Hypertext Transfer
Protocol HTTP/1.1,” IETF RFC2616, June 1999.

[4] H. Kruse, M. Allman, J. Griner, D. Tran: “Ezperi-
mentation and Modeling of HTTP Over Satellite Chan-
nels,” International Journal of Satellite Comm., 19(1},
pp.51-68, Feb. 2001

[5] T. Tarik, N. Katou, Y. Nemoto: “On TCP Perfor-
mance over Multi-Hops Satellite Constellations,” 5%
Hi#R SAT2002-75, pp.27-32, Oct. 2002.

[6] The Apache Software Foundation: “Apache,”

http:/ /httpd.apache.org/, Oct. 2002.
[7] H. Nielsen: “Libwww robot,” http://www.w3.org/, Oct.
2002.



