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Abstract

Capacity is a traditional issue in wireless network and is closely related to the service quality of network providers,
therefore it is a main interest of them. Especially, when a big match of sport game or a special event are held in a place
and a large crowd temporarily gathers, a need of big transmission capacity greater than usual usage in the area is
required, where network providers need a scheme to temporarily expand network capacity in any specified area. This
paper focuses on temporary expansion of wireless network capacity for such situations. In this paper, we first investigate
maximum transmission capacity of wireless ad-hoc networks. In the investigation, we consider a network topology with
regularly located nodes. For the topology, we investigate the maximum transmission capacity with RTS/CTS medium
access protocol, and then we study the maximum transmission capacity without the protocol. Next, we propose a scheme
to expand network capacity and analyze the performance of the proposed scheme. From the results of analysis, we see
that our proposed scheme is effective for temporary expansion of wireless network capacity.

Keywords: d&&%, ¥4 VES A, o= & UESA, A2l Holy %5

)

I.M B ES AxTH “ﬂ wgol ghdsiH, EZ2Xo W

& iw]ohﬂ & & s A A Qe F

Adutd o TA YEYAE Hlgo] AP, A B LﬂE%EU} de] Bystyal, AbgEe] F

ol wh}, 74 dEAS] &3 it #ile] 1

439, magetn AT Stk ofo] -l MEH A HAE &gl de

(Dept. of ECE, Cornell University) To "HaAo] A7|HA gkow o9} AHH H

gﬁ]tﬂ ﬁfmgx} CM? %KHQE National Fel el s
ept. (@) omputer ng. angwon ationa N

University) AF7AA T4 e AF S5 tgk A+

# o] = 20129 AN (EIEr)E) Ade AEEEe oo 545 7L ofFo1A shew, o

= ﬂ'%?ﬂ?zﬂ%‘o’l 7120:‘:%/\]'04 X] o_] S E]:]-O]' '/]:Sg U/\ﬂ LﬂE 3 A Z 01 7_”__4 ] T Al l?_o]:o 7)1 &
#7219 (No. 2012-0004625) L PR D _] ]

HAedxk 2012919129, 4 9E: 201299€19Y o s, A HES AT Aed ¢ s Y A

(11)

11



12

rurITEE
i ,_%@%%wurﬁrmr.wh% .
el o5 0 _
warﬂmio@@%%% quarrzs ERT
W?,%mezya.uiogh zT E N PETLE OZRET L
I R X o5 W — T EP R = e 1l
m Yo 3 T " S W T T @ 0
%MQLE%%#M}Q Mo s N R . =T w 0jo R
= Eﬂﬁo_zﬁk% ATf_/Lmod‘mﬁm.ewm} = do 3 W B mﬂé_c = do R
Bl =N TR mMExL__oymﬂ = o gy o o T 29 4o =K o X
mo zﬂ.ﬂmﬁybfoi CERCIN- o 10 % <02 GE
X ZET s e S o i X oy A T F M Sl i Mo
A ouw LT ﬂWTMH%E%%a oow .M Lz ® AKX ) z of X o
= ﬂ%ﬂ%ﬁ%%ﬂ%@ﬂﬂﬂéﬁ“%% do N7 TR oo™ HID _ = RS W
0 N ] fac) — . w P
g ﬁﬁ&.?%i@ﬂmﬂﬁﬂgo@m Ol NG o < P2 o = Z H%HE
s T2 clﬂourm,xqmm @ ad =3 HoE R T S W5 Mo = ] oA
I I Ty Eow X o & g 8 < I ) S Yoo X
=1 ﬂ‘ﬂ o = ‘UF 11 — o) = o = X o T Lt E_ ‘:L 2, dﬂ { X B _.—l_ I = H o
Kl%r@?%Miﬂﬂobcﬁl%g Ay ax ﬂﬂgﬂm%% o I _zﬁ%.ﬁ
.m_ﬂ‘Wo w Mo = M- T = g §2 ﬂ\wo olo T L 1Lr1_ﬁ| Il Boﬂa o K 1% do M| g 1ﬂr| ﬂy
mgﬂ%ﬂog%x iﬂ%m %lrdréﬂ?_%zTGrOTEE@?B@? iy B e g
unuyogaﬂ%]n_wmai_.l \)ATMCo#wﬁ&/MMuTm.L@LEleME%duqﬂlqjml onﬁlﬂﬂﬁ
Gmog%wﬁu%éo%w,ﬂﬁ?%m%%,EEé@ﬁ@MLﬂ4mwﬂdg or nw O
ul e oM e 2T 1@cﬁ%lumﬂ R u R
¢31/0\}L2ﬂiwsrwuuwﬂlrmﬂoﬂ Rl = P
N S = R k3 X Ly X | = ol i
W K oF o Ko il N — B X o 5 E g Rl =
_@r,{ = 4 o) o iomo.mhegﬁ%mﬁiﬂz%mﬂ p T T TR
= 2 KO G A BT SEET 28 B W
= VL o %o o ofpy o No i+ & W 1) e o T A m g ) muﬂ
R ﬂﬂﬂ%zaﬁlo ﬂgr%ﬂa% v 31{
o M.TATumhﬂ_ﬂﬂ\.:wO“n oo »o&oi = o KW o o SR Wy
_ﬁ% {H@rzzww@ﬂ% ?ﬂ%oﬂ_ww mio;a%mogﬂe_zL
T g, . = w w = qﬂplyo% won o m N
3! = oo 7 )z M % 61_.&oﬂ1_] ﬂ@lExﬂuqu Eﬂmﬁﬂ WQE =
= i oF = = o) F 5K e} qTo o W " w X2 4y o ™ = do = N o O o
oz MMELU%W#@W%U% D Gl 2&%2 ol Exeure L8
3 ?u@%@%%%@ﬁ N e e w wﬁ@__ﬁ%%a%woﬁwﬂﬂgaﬂo?ﬁ%ﬁ
S ﬁ@}%aeaﬁ%ﬂ L x Ty = o ﬁﬁ%%?@ﬂ T o
= 0 N — 3 o | N n o or X = =
5 ﬂeurﬁu'ATOT@aomﬂ__o E%@juﬂo 1zo1rmu_5mﬁ%ufé£ﬁmﬂ T
W X Ho o N WoB T = w = s oW ° o' @B = o oo m P
R P%%ﬁaﬂla%?x o 3 o G TEm e o w5 %%%Lﬂ =
B i BN & M I xlj%d:1§ﬂ}iﬁ i
L:.wo i ‘_Iw_ur‘._ =1 \Ul &0 ~ DT O‘._ O < B/ = —_ OL ;OL 1_#| ﬂ_Dl S QMO _ —_—
- do ﬂﬂéu&u%ﬂﬁﬂx T M ® R ST R TGN O o T W 2
&2 N < SR Lt__oh?iﬂmqar. N mqiﬂ.wogmoium
g L Y NN Hu,wﬂis%a_m.ﬂo@r%mﬂ% P E T < LT
G s EeET ] ﬂlLoTJaoaraﬁ o, T wow & TR ® H oy
‘H_,LH - ﬁE ﬂuﬂ! OL Og e = T . k) ;OL _C I )A#l T ‘_ﬂuru_ TR ﬂwﬂ ;OL zi Cﬁ —_ X o © o) o) ..ﬁ
5 ﬁ?ﬂo%mOuEV%ar%ao%@/,Hfuaﬁuoﬂmk%ﬂzimlﬂ. ﬁﬂﬂﬂnﬁo
Mﬁﬁﬂe%F??HWFW%%%MWW@%ﬂ%iaﬂHitEﬂwATMﬁHW%ﬂo
= o oo o = LG ) o = o M E W T -G
AN s e S G i ,%sioiogqogqxaxillgﬂs =
o - ) = =10 &= © = ) = - o o> oo o F oL ow
urmoﬂ}w%au% = X Vo o2 o O = < 5 o
ZXoﬂamﬁLMmMMqﬂ%ﬂoWﬂ%M%ﬂo,%mo]T_._ILEM@LﬂM&MMﬂEaMWEMEH@lﬁl&oM
w WA %qqawm%agmgﬂf;;voar.aua_nmo
= oo = m_. @ B o o] o = ﬁ N ﬂ T do oF = b
= - B E o LA R C I A
‘:oﬁudﬂlf J./lﬂll\&loi
XKo" R o E AT
F N omo I

(12)



2012 9F NMXt3=ts| ==X M 49 A H 9 = 13
Journal of The Institute of Electronics Engineers of Korea Vol. 49, NO. 9, September 2012

SRR deba g E, gaeFe] B4 gltha Agah 19 194
thAl3] RTS/CTS wiAAle] o] g5 glol, %
1. RTS/CTS OH&| Xof &4l =g 2 A w8 A e A5AYYY e mEEe

oL 2

o

o

RTS/CTS wjA Alo] 2ol H&H= 4 $Ax Afo] 31854 & 35S & = Ak
= =

= 8 FAlxEe] B AE el el g == A2 R I I B v R i B = B (O
T2 AFo] sAEH A A &FL =29 BEE HHs g Asd A3e] glo] AAstaL vk = 1
2A0] we AT, W =BT FOR G W o w g asrme mae V3 g ome e
oMol Ad) A% §FS Fela uw, srie A !
ol AA sk WAE WA etk ey T oj= Ago] HAgsly Y = Wy %dm d =
S UEY AN E B2 AEEC] AR e w7 o 5
gol, o] £ Adtel olaha gk nelmz Akkg B WA A Aee Te e Ha @
7FestA szl fistel, ' 13 22 2720 13 Bo] MEoz g9 AE AAFEZ o] WAL g
A =X wjAE PP 2d 1604 24 Al a2 Aol AAG AL I, Tppgjors < T3 2ol F
EESo] i Ho gle AHS vt o7t}

LY pS O WY m=o] drkeka skl d
g dfwEge] ADA ageld 2 & Qe ) T N

e v M RTS/CTS™ ¢ 73 503 (1

T3 Ao g el Zolrt | o] =9 HF
A7t "k aFolA s EE $A =EZRE 2l =20 W pd UFI o] Fefxivh 1E 2004
ez HFl HAFS Rt EE R=EES ol% de 718 778 A& e & W Aoyt ¥, NS 7}
EESA B sjzle] ivka 7HAskaL, Hd A58 B S 718 g BPApAP ] st o
Zro. g 93 2] o HE Lt E0 Xy =50
SE TR AT REOm BE wERE UL TER g g gopa 2 gaauae nge L2 e
st A AFEFS a7 As 4E Fshe 2

2)2elA dE noE YERH

5 d Nxd

°f&

7 cross piont : node
d

a2 1. |2 x| = vixoMel Ff ME cross points: nodes
Fig. 1. Maximum transmissions without interference in

hexagonal cell structure of the topology with g2l 2 L= gm HA

RTS/CTS dialog. Fig. 2. Calculation of node density.

(13)



14 FHOE E HE

- 2
=\ 3
Gerd 4 9

(4)

RTS/(‘TS = —w/ f

Qo] HogiE 2= IV dolM tE tu] Eno
do] 371 mdel diste] mel s & 4 Qv
TZ2E FAAZIEA ] Ead =
55 polA 4anoz ZIHAIIA
A= dolM d/22 ZAEA Ha,
g Q1A &= d/2<>] gk 289 v W

of i, ¢ MHg dFow

2=
T

rde
REER
w7 Hs

4 o
a3 7t =9,

oJujgit}, o]} & A= Gupta®t Kumar
o Ao Rgahe oz YEND o =70l
F7H g Huld Qs A2 wEolR ARE B
Agg o g shsazl Aatoltt,

2. RTS/CTS & A0 &4l 0|
RTS/CTS wjd|Alojutalo] 245 X

PN
= o }\-] ﬁ-Jo—

2 o

)

-
a

[ opx

[
l
r

=2
R
mﬂr—‘\‘l

o,
il
=5
[o rie
oy
=
bror
L

b

2

Mo
[

>

>

o

¥ 1o
=

oy

[o

o

e

ol

N,

o =

2o
op

4 oo

e

[N

mL &2
o O Y o S o 1 R

")
Rl
=

i

50t

B Hde ol

oX 1o,
o
. _11\1_‘
oflt
o
frt
hass
|o

fass
=

o2
ol
ol
=
30,
lo
o
it

ox e Y
>
N,
ol
lo,
rg
2
o
Y,

ox

f
=
o
K
(@)}
3
S
~
re

%‘w olft
e

[

Il

g
13
oft
BN
=
2
opy
[\

&
rr

w
U
]

39 Y ™

(14)

VAV AV VaVAVAVAVAVA)
"V‘V‘V‘V‘V"‘ng"
AVAVAVAVAVAVAWAV WA
ViV aVAVAY AV AVAVAVAY,
AVA'AVA'A'A'AVAVA'A
"v"‘VAV‘VAV‘V"‘V
A';ng‘VAV‘VA"'AV‘.
VAVAVAVAYAVAYAVAVAV,
FAVAVAVAVAV VAV AVAV N
"'A"VA'-.VAV‘V AV B

O  off-node

a3 3. |z F=xo kE Hfx| F=xoAMel RTS/CTS
of | xojetalo| ME=X| L= AMEfjoAM e F
O M8 d9

Fig. 3. Maximum transmissions in hexagonal structure

in the topology without RTS/CTS dialog.

°2 49 Aele AW ©e WAY o] AR

61_ 741:4’] 1:]7 710BTS/CTS '8‘ T;]“%J—l]— 7E]l—o] ‘;I(‘OPSD]'
2 2
Toorts/CTS = 323 cd= 3073 5)

(D& Gl st theel 4 Qe

1 2
TnoRTS/C'TS = g

V3

o714 RTS/CTS wlAA AL L ALesl= A9}
2A e A9l dste] Ao 4 S W8S
et 2ol T+ Utk

TRTS/CTS 3

Torsens 5 00% @)

zl,()RTS/ CcTS S 0

Z RTS/CTS wjAAlo] W& -

%ix] 0} O

5 OTEE} “’]EH

Zdo] 7}seit) ahA RTS/CTS uj) ] A
AREEHA] = A2 93 5 wx 2 A
g dug]EE RTS/CTS wiAAlo] w2

AR R Hxhetel] fojsfop dhrk

r D
S
X

o\-}«

mio
>~
bl
oo
ot
-

3. 2o AH
%) 4= 99 F ) A%l diE me] AEe 5
Y T2 s AR hE ATFE WA



15

=

3 =2X H 49 # A 9

St
L

9 X2

VS
= T

2

20124 9

Journal of The Institute of Electronics Engineers of Korea Vol. 49, NO. 9, September 2012

Mog%]ﬂrﬂfr%@r?z%ﬁﬂ@ E) cj_ T é%@r%g g_ meuu T Mo
N R o W o q B 0 3 i o T BN R T
A NN - W R R S odee AL Ts T )
I X ¢iw CONNCN- ww L by 3 #dr T, %C # E_ WoooX W D X
T B o do * _ omw Mo T R I Wz ol = =Ko 5
ER =B 2w 9T g Pm woo® K R N A B S B A
FEieggssrrifdTe e TZZ FoEFH sRZexzil
B 2 o | E ¢ 9 N = J T
ﬁ%%ﬂﬂwﬁmgﬂA4M%M x w4 %ﬂ@%% A OB o b e ®
T 2 % o B H R ST 2 T M T
o H RS = 2 = 2 Mo ofpl il A HJl = or v 7 o= B No N~
= ) = Moo = ™ = B ® T Mo = WP R <
B o T o= oD X < A < : do o= Oy E ]
N T HEBEETT X b B e
& : T ooy BT s X Mo e TR R L Hom
R B U S Ewmo ¥ g CexE®ied Yo
! xﬁﬂﬂ%“ﬂa ww i) g .w_ﬂm)ﬂgaaﬂoli%ojliau _@Jocm
o ,WL z_.e T [=1 ‘UI o ~ W: :i ﬂ o?_ ] - ‘Ul o E _ o X7k o) e r
: ﬂz@mﬂmr.%ﬂﬂ@u%ﬂ%u% o:gﬂ%mw%ﬂ.ﬁiw;mﬁ@?ﬂoﬁ%% iy
~ T — g 2 No mm = LI —_ g bl No M < =
n M_W%MQHWWW%@MM @omww.%ﬂwwméwﬂﬁiiﬁc@ﬂ%ﬂﬂ%wm
< 1:0 = . © ,_.1U]_IOL uy ,m‘_lr‘._ll_ E‘__HOC ,I‘ﬂtll,:_‘/IJdC
= 1ﬂﬂﬁ_o%ur%wwfrﬂuw. mem%em_llﬂrﬂﬂmowu%m_ A s om0
dr%wa mi,ﬂ%ﬂ N o o o) 1 @ué%lmemﬂiimﬂ% @ﬂl
ol o@rzlﬂﬂé%q%ﬂ%z% oA T N o R T o = oE ™
%ﬂi%ﬂi?ﬂﬁ%?ﬂnﬂr M~ F M+ HERTTEWT N BT T H N L
ME R W RN T B G o 4o dn ° ° ° ° °® ° °®
. 2 o o oA H o T WO~ W
| (S RS W E SN T o o m B0 R
X o = o W " N o AL R R
0 T =T OB o ® ® A+ ol
| : ) Eawo o o® T L R do O o)
o e ojn = = gl oA W g o u|
8 3. o ME o W AJMM M ~ h%n S H_ = 2 Wo i = Ww
P ~ i~ o~ [
; s |38 =%, 3 P e Thlgs, %
.,,,n. W g &0 < T = o \I‘UF.A ‘_lx_u.L OJ ‘_ﬂE 3 Og O .__._..w.o
- < i X P oy ;A] e
5\ 85 Ra B oz A 2w I ol 40
. wmagl % - =z K e | U I B 0o
g_SE N sl wg T A of g G A o K
EEE e g Eeisis_ . STz T o
1515 - |58 gxf LEzi2s3% zfiTd w2
Ez26 2 o ol 8 = L oo ol w90 R A X o w TR, - N =
g Bk i 10 T 34 o T o T oo 0= s 2
TEEE a ] </ M_l O o) o) = R Mﬂ oW e do o =r
i£4 3 . N8 T AT T ” o O T
? =2 YL B R E A Cmid K 2=
Muﬂw_w 3 = ) Qﬂ%mﬂlﬂiﬁi m,r;o*%iom#mmdl. .
— = | v+ FAOE gouyTwem Toew _ Xw E
g 8 8 = 2 v < _ oy o Mx A A s g ® oSS
Ayoede)y ssopaipy it =) GRS _In_ ~ o o = o
T . HT ™~y =z ° e o °® T T Jo W RO N

12

A

HES A
Y

1

o] 714

2]
I~ 2~ O
15 T&

&
LA

3

AT

a9 5ol M e rde] 7 0% o o

FORAM LERI
100, 50022 74 uf

(15)

SECEERE R T

e

=
- 1

f

A
R

%

=)
T



16

40
rx
2
In

o F==500

2] =100 N

AL T &=50 /1/:-—/
6

oo

it
[F1)

[

[ fn i

=3

Throughput
w £

T S S T O S S S S S S N
0 200% 400% 600% 800% 1000% 1200% 1400% 1600% 1800% 2000%

Number of dummy terminals (%)

a3 5 Mol EHoldg FIHE ume2lb f L=ES57He
& 22 ML

Fig. 5. Throughput improvement according to the
number of adding dummy nodes when the

number of original nodes is 50, 100 and 500.

™

5
=)
3
i,
32
tlo

- St

op

oo
ol
o

o
3R
O,

m 2
o dlo
|o

frt

s
L
rlo

i)
i)
e
N
(i

o

2 54 o=

g.
on Erde Frkete

E Y EQI0 O & 2 3HA

ol

[1] P. Gupta and P. R. Kumar, “The Capacity of
Wireless Networks,” IEEE Transactions on
Information Theory, 46(2):388 - 404, March 2000.

[2] Jinyang Li, Charles Blake, Douglas S. J. De
Couto, Hu Imm Lee and Robert Morris,
“Capacity of Ad Hoc Wireless Networks,” ACM
MobiCom'01, July 16-21, 2001, Rome, Italy, pp.
61-69

[3] Wei Wang and Xin Liu, “A Framework for
Maximum Capacity in Multi—-channel Multi-radio
Wireless Networks,” Proceedings of IEEE CCNC,
2006

[4] A. Fridman, S. Weber, KR. Dandekar, and M.
Kam, “Cross-layer multicommodity capacity
expansion on ad hoc wireless networks of
cognitive radios,” 42nd Annual Conference on
CISS 2008, March 2008 Princeton, USA, pp.676 -
680

[6] Xi Liuy, Anmol Shethz, Michael Kaminskyx,
Konstantina Papagiannakix, Srinivasan Seshany,
Peter Steenkistey, “DIRC: Increasing Indoor
Wireless Capacity Using Directional Antennas,”
Proceedings of the ACM SIGCOMM 2009, Vol
39, Issue 4, Barcelona, Spain. October 2009

[6] Chris T. K. Ng and Andrea J. Goldsmith,
“Capacity and  Cooperation in  Wireless
Networks,” Information Theory and Applications
(ITA) Workshop, February 6 -10, 2006, La Jolla,
CA.

[7] Barbaros Prevezel and Aysel Safak, “Throughput
Improvement of Mobile Multi-hop Wireless
Networks,” International Journal of Wireless &
Mobile Networks(IJWMN), Vol2, No.3, August
2010. pp. 120-139

[8] Michael Dinitz, “Distributed Algorithms for
Approximating Wireless Network Capacity,”
Proceedings of IEEE INFOCOM 2010, March
2010, San Diego, CA, pp. 1 - 9

[9] Michael N. Krishnan, and Avideh Zakhor,
“Throughput Improvement in 802.11 WLANSs
Using Collision Probability Estimates in Link
Adaptation,” 2010 IEEE Wireless
Communications and Networking Conference



2012 9F NMXt3=ts| ==X M 49 A H 9 = 17
Journal of The Institute of Electronics Engineers of Korea Vol. 49, NO. 9, September 2012

(WCNC), Sydney, Australia, April 2010, pp. 1 -
6

[10] Georgios S. Paschos, Petteri Mannersalo and
Thomas Michael Bohnert, “Cell Capacity for
IEEE 802.16 Coverage Extension,” Proceedings of
IEEE CCNC, 2008. Jan 10-12, LasVegas, USA.
pp. 933-937

[11] Abdallah Bou Saleh, Simone Redana, Jyri
H'am'al'ainen, and Bernhard Raaf, “On the
Coverage Extension and Capacity Enhancement
of Inband Relay Deployments in LTE-Advanced
Networks,” Journal of Electrical and Computer
Engineering, Vol. 2010

[12] Matthias Grossglauser and David N. C. Tse,
“Mobility Increases the Capacity of Ad Hoc
Wireless Networks,” IEEE/ACM Transactions on
Networking, Vol. 10, No. 4 Aug. 2001. pp.
477-486

o B(H3I)
1997 AA L A e 2 ek )
(A AH)
2001d AA g g HFE st
(BFAh)
y 1993\ ~1994d U A|ZF A4 B4
N o7
2001 ~2003 AR RTATY HAgA1Y
20043 ~2005 et WHEATY
2005 ~2007d A AR TAATFA AdAFY
20081 ~2010d S5l gal HAAEAlT st F

A
20004 ~ A A =AY e P
<FHAEE : Mobile and Wireless Security,
Ubiquitous Sensor Network, Wireless Mesh
Network, Mobile Ad hoc network>

x Xt A 74

of 7 A3 )-wAl A=

19861 A& ofstal 7 x5 3t}
(3HAh)

19881 KAIST #7192 A= 83}
(A Ah)

1993 KAIST A7) 2 A =} 83}
(BFAH)

1993 ~1996d A F A B ZAAF 4

1996 4HA A A}

1997d ~& A 7Yt HEEETE W

<FHAAEOF ¢ olFEAlL, UEYAHERE JAHY,

%315 F A%, ad-hoc VEHI>

[11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


