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A Station Assignment Method Considering Applications Being Used in
a Mixed Environment of Different Wireless Communication Services
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Abstract: While the LTE has been in widespread use and the line speed for data communications has also
been improved, the exploding data traffic that evolving applications require is thought to increase the utiliza-
tion factor of public WiF1i services from now on. The round trip time (RTT), however, might become longer
for reasons of throughput degradation on a public WiFi station or increasing heavy network load. On the
other hand, the required RTT is totally dependent on the application which a user is working on. This paper
defines a RT'T gap that is the difference between the required RTT for a user’s application and the actual
RTT obtained when a mobile terminal gets connected to a station. The paper firstly formulates a problem
to assign some mobile terminals with the different communications services by means of graph theory, and it
also proposes a method to reduce the RTT gap in the whole system with considering the required RTT for
user’s applications based on a connection service determination logic by Hungarian method.
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Table 1 Data volume of common portal websites.

T 5
VRS URL &B)E
Yahoo! m.yahoo.co.jp 467
g00 WWW.goo.ne.jp 730
MSN jp.msn.com 580
Infoseek www.infoseek.co.jp 1,390
Excite a.excite.co.jp 1,463
3T7% www.hatena.ne.jp 1,480
747 K7 | www.livedoor.com/lite 573
fifit% com s.kakaku.com 817
amazon WWW.amazon.co.jp 608
W H HrH www.asahi.com 1,073
FETCHT www.yomiuri.co.jp 1,004
H #&8r H www.nikkei.com 1,147
4 H T sp.mainichi.jp 3,337
FEREH R sankei.jp.msn.com/smp 656

K2 7A=Y aryPnEELT S RIT
Table 2 RTTs required by applications.
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Fig. 1 Basic mechanism of PathQuick.
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Fig. 2 Formulation for an assignment method.
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Fig. 3 System configuration to calculate RT'T with PathQuick.
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Fig. 4 Determination of a base station to be connected.
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2D, EArh/MbeTAMAGDEEZEET L L

T&5%.

KIFFETIE, BRMEDET 7L AEA ¥ MIxtd 5 RIT

Frv 73X MFIEL, RIT ¥x v 7 Z/Mb$ 4

MAGDEE, N )T EEHOCERT 5.

4.4 VRARHEER

42 @ICCHEB SN IMAGDEE S LIZ, Fdka v
N =L =N S B R A 2 R E 5. Sk
(&, M8 LcHIEEHICHE - T, #hideoii)z 280 &
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Fig. 6 Scheme of controlling mobile terminals.

Zh. WRHEOA A=V %, X6 IZRT.
5. Y32l —3 3 FBRICK S5

5.1 EEROBE

4 BECIRARIARFE Y AT LKD) &, HefdeiaZiBico
WCyIalb—var7arsszfikl, EHEiro72
A OFERRIC BT, Fiz 8 S 5 AR DS 100
BORE (EB1) £ 106054 (EEi2) ozhEhT,
PEfse: RTT OfIE, RIT #45, BL 15 H7-0
DINETREFRBOMAB LRI L) EBFEEIT-72. 22T
[T RERR SR 13, 1 MR & 72 0 5% Y 5 Ok % IUFE
WEERZRTMETH 5. 1 MR H 720 OIE T REFRI A
TR E D BREVEORAE, TXTOHREE 1 DD
WRIZIET 5 Z LD TH Y, FERHWIZE TR
I BHIRA ZVIRFEE WR B, 1 )R H 72 ) OINLE T hE
BRI S {2 BT, AR L 7o & | 28 ©
XRVIEAIZ D2 LD, 12720, EofMEICH
HHn T E R WVIREDREL WL )12, SHoERIZBEWN
TIE, TXRTOHEMF O REFRBOMANL, WA &
DHRKEWEZES L H L7

FBREAT o 7247 — ADOME AR 3 BLUEK 4 IR,
WY, E) YT E 2R uE3 oL L.
B, Bk RTT OWEME RT T, &, PathQuick 12
Lo THEMIIZHE S N7z RTT 043 EMR OME RTT,,,
L AEH)F O RTT B f(z), B £ U PathQuick HUf5 I
O O K DB termaipp 12 & D, 3 (6) TRE
nb.

RTTznzt = RTTpa + f(termdiff) (6)

CCTCREE L, FEMFBO RTT B f(2) % 1 KB
ERZLYIab—YarEirolz. £3BLUE4LD
RTT #45301%, f(z) DS IHHST 5.

BWMATHHLCWA T ) r—varye LT, [
ET TN r=vav| [ 7999 [2oft] @) How§
NIy FaZEY) YT T, K77 ) r—av
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Table 3 Conditions of Experiment 1.
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R4 FEH2 OMHE
Table 4 Conditions of Experiment 2.

br— 2% RTT #IHIME (ms) RIT |1##RH720 0 r— 2% RTT #IHIME (ms) RTIT |1##RH7200
R 1|FEH)F 2255 31655 (ms) |IUE T REFREL (&) FeH)R 1|55 2| B 3|45 (ms) [N REFREL (&)

casel-1-1| 20 40 60 1 40 case3-1-1| 100 120 140 1 4
casel-1-2| 20 40 60 1 70 case3-1-2| 100 120 140 1 7
casel-1-3| 20 40 60 1 100 case3-1-3| 100 120 140 1 10
casel-2-1 40 60 80 1 40 case3-2-1| 120 140 160 1

casel-2-2| 40 60 80 1 70 case3-2-2| 120 140 160 1

casel-2-3| 40 60 80 1 100 case3-2-3| 120 140 160 1 10
casel-3-1| 60 80 100 1 40 case3-3-1| 140 160 180 1

casel-3-2| 60 80 100 1 70 case3-3-2| 140 160 180 1

casel-3-3| 60 80 100 1 100 case3-3-3| 140 160 180 1 10
casel-4-1| 80 100 120 1 40 case3-4-1| 160 180 200 1

casel-4-2| 80 100 120 1 70 case3-4-2| 160 180 200 1

casel-4-3| 80 100 120 1 100 case3-4-3| 160 180 200 1 10
case2-1-1| 20 40 60 2 40 case4-1-1| 100 120 140 2

case2-1-2| 20 40 60 2 70 case4-1-2| 100 120 140 2 7
case2-1-3| 20 40 60 2 100 case4-1-3| 100 120 140 2 10
case2-2-1| 40 60 80 2 40 case4-2-1| 120 140 160 2

case2-2-2| 40 60 80 2 70 cased-2-2| 120 140 160 2

case2-2-3| 40 60 80 2 100 case4-2-3| 120 140 160 2 10
case2-3-1| 60 80 100 2 40 case4-3-1| 140 160 180 2 4
case2-3-2| 60 80 100 2 70 case4-3-2| 140 160 180 2 7
case2-3-3| 60 80 100 2 100 case4-3-3| 140 160 180 2 10
case2-4-1| 80 100 120 2 40 case4-4-1| 160 180 200 2

case2-4-2| 60 80 100 2 70 case4-4-2| 160 180 200 2

case2-4-3| 60 80 100 2 100 case4-4-3| 160 180 200 2 10

B BLERTT I, £ 2 OEZEMHH L.
P3al—YaryTurss ATy, IRLDfEE D &I,

GHH R DA S AR 2 L ) 5 $XTo

HAELEIHF LT, Ny H )T Bk BEEERTV,

EHAEDLEDOTTRIT Fv v 7ORFIRNCHR D D

DOHT, EERFEPRNNIELDDEHT L5,
FARERTIE, IREV AT LATORE (HiE1) DAL

2, UTo 2200y v 71220 Th, &5 —AIBITA

AR EZ T 7.

(1) —FHEWRIT 2 LFEL T 2mAED O NEEFIC, BT
THEREE RTT 25—\ JE R IS BESE 28l ) 24 ¢
b (7)) —=T711) (Ri:2).

(2) FAE T v F LK ERFICEY B TS (Ri%3).

5.2 EEROFH
5.2.1 RTT ¥+ v 7O¥F

FEEELICBIT LK — A - KFFEO RTT ¥ v v 7OF
¥ERS BIUOE 7 IIRT.

FTRTDT —AZBNT, 32DMEDH LREL (K
REV AT L) ORIT Fx v I PEYED, —FHSWHE
PR TWA,

fifd: 2 1%, RTT HOHV/NE P DIERBDN S W —
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K5 ER1IZBITS RIT ¥v v 70FH
Table 5 Average RTT gap by Experiment 1.

=A% | RTT ¥+ v 7OFH (ms) =A% | RTT ¥+ v 7O¥H (ms)
JE L | R 2 | TRIE 3 JRE 1| MRIE2 | MR 3
casel-1-1 0.00 0.00 1.44 case2-1-1 0.44 5.40 9.30

casel-1-2 0.00 1.80 2.55 case2-1-2 0.00 27.00 9.84

casel-1-3 0.00 12.60 2.08 case2-1-3 0.00 54.60 7.00

casel-2-1 0.00 0.00 3.31 case2-2-1 6.12 12.60 14.86
casel-2-2 0.00 9.00 5.65 case2-2-2 1.40 34.20 15.38
casel-2-3 0.00 19.80 4.24 case2-2-3 1.40 67.80 14.76
casel-3-1 2.98 5.40 13.90 case2-3-1 13.32 19.80 22.48
casel-3-2 0.66 16.20 8.98 case2-3-2 11.16 41.40 22.38
casel-3-3 0.66 27.00 8.51 case2-3-3 | 11.16 | 81.00 23.10
casel-4-1 10.18 12.60 18.14 case2-4-1 20.52 27.00 29.62
casel-4-2 7.78 23.40 16.56 case2-4-2 20.44 54.60 29.78
casel-4-3 7.78 34.20 17.05 case2-4-3 | 20.44 94.20 28.98

ATIERIT F v v 7FHED/NE A, RTT 505K E
Vb L CIINE BRI RK E WA IZIE RTT v v 7
WEDSRE L e 2 EMD S 5. T, E2 A8l E T
DRITEZ b L ICEHRELZHEL TV 226THb. L
A UFEBICIE, R EIC L - T RTT LR 2720
WERELTELNDL RIT ¥ v 7 PHEIIREL LD,
CAUTHART, L1 (RREVAT L) &, BINBELT
NTOMAEDLEIF LT, HYHTHO RITEDS ZE
LOlREZMAEDEZAE L TnA720, RTT ¥ v v
TIHMNE TN S EER D Z &2 b, fHE: 3 LN
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7 EER1I2BUJSRIT ¥ v 70¥H (757)
Fig. 7 Average RTT gap by Experiment 1 (Graph).

F6 FER21IBUILRIT ¥vv 70T
Table 6 Average RTT gap by Experiment 2.

r—2A% | RTT ¥x v 7OV (ms) r—2% | RTT Fv v 7OV (ms)

BRE | BRE2 | L3 BRE | L2 | LS
case3-1-1 5.4 5.7 11.5 cased-1-1 6.3 6.9 16.7
case3-1-2 5.4 6.6 9.4 case4-1-2 6.3 8.7 11.1
case3-1-3 5.4 7.5 7.5 case4-1-3 6.3 10.5 16.9
case3-2-1 114 11.7 15.6 cased-2-1 12.3 12.9 18.5
case3-2-2 11.4 12.6 11.7 case4-2-2 12.3 14.7 16.3
case3-2-3 11.4 13.5 15.4 case4-2-3 12.3 16.5 14.5

case4-3-1 18.3 18.9 22.7
case4-3-2 18.3 20.7 18.9
case4-3-3 18.3 22.5 22.3
case4-4-1 24.3 24.9 27.7
case4-4-2 24.3 26.7 31.7
case4-4-3 24.3 28.5 33.5

case3-3-1 17.4 17.7 19.3
case3-3-2 17.4 18.6 23.5
case3-3-3 174 19.5 25.6
case3-4-1 23.4 23.7 30.3
case3-4-2 23.4 24.6 28.3
case3-4-3 23.4 25.5 24.3

e, IXRTOT —ATHEL DI ) DEEMICTE YIS
WEZ o TWwWaE, sz ehs, RIT ¥y v 70
BMEICBWTARRBEY AT LDBENTH 5 Z L HHERT
&7,

L2 LHEMICIE, —EoF ) L TRRHETHRITR 5
K100 BETICG L — AL, PhnwkEzobns.
RICEER212BTHKr — A - £iED RTT ¥+ v 70
TFHER 6 IRT. EE2IIBWTIE, HLEME10E
ThAHND, TNERDLE, BEIPLRVEETH, TTO
=AW BWTRE Mok L ) W EEZ RS Tw»
L. INIZEY, HBEEEFLLRWIEETH, RTT Fv v
TORMUIZBWTRBE S AT LHBERTH B 2 &A%
FAGEYAR
5.2.2 EMFEN) Y TICET 3 0B

FEER1ICBITAFEL THAONL I A MIFIOF A X
12100 x 100 TH Y, FHEEEH (4 ODIHLT 5N~
)T EOEERE) &, mKATS5151[THE. ARFE
BRCld, ROERRESEICBWTLEZIT5 72,

e OS . Windows7 64 bit
e CPU : Intel Corei7 3.50 GHz
e AE :16.0GB
I/, TurIIVIEEE LT, CH++2fH L.

REBRIZBWT, FEBE1ICBIT 50 1 OMLERERRIE 5
RTDIr—ATIHUTTHo72. TNHDOflIX, 2—H
W H—gRHL L, U7 7)) r—3 3 2 Ll
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AIRWIZBWTIE, THICANRETHLLEEZOND.
INHLOZ s, WEEFREOBIN2 O b ARIREL AT A
BEMCTH D Z LR TET.

6. FELHESHRDRE

I—FPHFEHL BT 7)) r—2a v 2FE L2 RTT
Fyy FIZOVTEEL, RIT Fv v 7&K S & 5k
FRER Yy 7 RE DM CHEE LR b L. F/
N T rEEHCERERE Y AT AR REL, ¥
Ial—3arsurIalllrERYTV, NSH)T
VEEHORWEA LR LT, RIT ¥v v 7O&/M,
WLERRFR O 2 DO H ZDHERMEE R L7,

L1201, BEBROmROEECHERANES: L TIHAT S &
I B EBNRREEICBWT, KEEY AT AOEMMEYEF
4 4. F7z, [HEGR: RTT BUSER], [RG5S 122
WTHYIal—Ya ryEitwn, &Y A7 A0 %47
IFETHD.

BEE AMEZEDDICHY, BIE KD TIRE
Wb ) L 728U RS O AT 5 e 44 E s 1R
L, LEDELPL RIFET.
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