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ABSTRACT

Efficiency of communication has steep increased in terms of speed of data
communication. It leads to the revolution of wireless communication which is called the
high-speed wireless broadband. The wireless broadband enable people to access
information anytime and anywhere and are available at higher quality for example high-
definition television or high-speed private network services. This new technology changes
would affect the existing both wired and wireless telecommunication systems. The aim of
this research is to study on effects of wireless revolution to telecommunication systems in
Thailand. This is necessary to study the potential technology of wireless communications
and services that could change the telecommunication industries, existing networks and
services in most important step. The outcome of this research could assist in the decision
to invest an infrastructure as well as equipments for the telecommunications industry in
Thailand. The technologies for infrastructure that suitable for wireless broadband in
Thailand should fit the distribution of population in different areas as well as economic,
social and type of data used in communication. In order to make wireless broadband
communications achieve the goals of a national broadband policy in terms of encouraging
people to get services through broadband networks thoroughly and evenly for example,
public health, surveillance and disaster warning. The wireless broadband will also leads to

reducing inequality in access to information and knowledge.

Keywords : The Wireless Revolution, Wireless Broadband, High-speed Wireless

Communications.
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224 3G and Beyond
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2.4.1 msﬂszﬂgumdvlﬂa (Tele-Conferencing)
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242  nmsuwndnmabng (Tele-Medical Profession)
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3.1 maluladnddansnwlunmstidszuunmsteasismolulssnalng
3.1.1  luwnd (WIiMAX : Worldwide Interoperability for Microwave Access)
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3.1.2 LTE, LTE Advanced L8z 4G
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ﬂszmawaﬁ%’wﬁauuazﬁaﬂ%%’wmﬂsga ol lunsUszuianadiuinalulad Cloud
Computing Wnilad @28819289n13kE91% Cloud Computing L4t luaaﬁﬂsﬁﬁmﬂ“ﬁszuugm
Toya @Taoﬁmiamu%yam’%amauﬁamaﬁ%‘?ﬂnaiﬁaﬁmﬁﬁﬁﬂizmaNaLLazlﬁu‘%ﬂﬁi
61499 ﬁﬁauﬂi:mmqa LLa:@Tmﬁmiamuazm@ial,ﬁaol,ﬁamﬂﬁﬁayaLﬁluﬁu@]aa@nm Lae
mﬂﬁmiﬂsmﬁumﬂaﬂMaaﬂ%mm‘*ﬁagaﬁ@wm@ mié?aauﬂs:mmiumﬁ@%aqﬂmni
ddnonarh e livinian uwazdsdaaFadtngsinmzuudndis mafenldinalulad
Cloud Computing lasn3Lan ﬁ%ﬂsl,%u%mﬁnﬂQ’Lﬁu‘%msﬁﬁmmw%“amzmmmLLﬁlmﬁmuﬁﬁ
aanaled drog19uesuSENleann Cloud Computing LT USHN Google uaz Amezon
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344 @3ednuFiavaawlal #Ia Social networking

% =} 1 % 6 = . . = 4:3/ a

MITENBaITBIATaINFIANBaw LA w38 Social networking AunduauNILGU e
¢ A & A 6 A & = o o ea A

pa99UnInlTaNdeNy Ananfiuaediiuuans aaufaaswnw iadn Insdwridatiasan

{ 1 v { v J QI a v
Inlwu w3a BB (Black Berry) lasilafin3atnslimefidhfanananniubuaiunisldau

A 1 [ 7 ‘; 1 6 4:3/ [ ™ 1 A 1 >
wwlatnodianaanlaliistuuazageanladuuduanlddie drathsaTetaday
20w AN lasuANNABULTY Twitter NTRNBMULAITFNIIWBUUL microblogging WNaENENaa
A 4w = A @ & A v o oA v o o
wiadstannuiiyanadu lugdunudaanusuliin 140 drdnws ghazldiudaninues
A wAa A Ao a A [ ed A \ .
nanfegNdaaunia followers waninfidafiniatnudinuoanlaoudnizu facebook his

Buzz

345  aaagd1inln

~ A o M A A ~ a ) Aa o
malasuuladiaIasInsdnvidatainaddsunlasaniaIadlutisnsnninines
21687 TUANIA T T FIWlawanaINNNITRORIILTLY LAZNITAITAAINEY @iam;ﬂﬁﬁms
Lﬂ%aﬂhUﬁmiﬁ'@ummiﬁ’mmiﬁamﬁaya 10309 Insanriasinmsnaw braiuisaldinn
WAP L'ﬁagﬂ’a;&a%umaﬁumuwﬁwaimﬁwﬁﬁaﬁamumsdaﬁagamﬂ WAP Gateway N3
a a a & A a ° a o A A Y A Aa x> ° Y
WasuLladsudnatatainisunsinesaglnsanvidatarinaad NINIATUWAIINIW LA
J v 1 { 1 1 { 1 Y =)
wanuaENI Indadrnuzyl LATadLaULNEY 98y WAL LTI NHIWNI RN T UEANN T Y
a A A A a ' & v PN a &L o @ A g Ao
e3addaRar1INGuNIENINING Tasuanuia iy wuINaNEIaU Aain 2553 Hazily]
THaTasgursnlwwlulszima lngs winid 1.5 a1uan A1INITNAIRIAINURINITOG 1%
~ dl v v aAa =} 1 =) d‘l 6 o v U
m’mLiﬂumiaamsmagamaagﬂ%mmsmmmy maaulavasiasadginsnlwuyinlwnsld
a o ~ o A A a ' € 1 A " A & &
vimidunsremsteyaniaiiunit uawiasd 13U SMS MMS miiTaudeduinaiiiie
\ o A A aa & aa A A & v A & A
ulnsanridana 3alaiud alagaIuiy Lazn1IANRIRaaAULNLE maa;ﬂ*ﬁmwwwﬁa

m@dwzﬁ;&a@hﬂizmm 25% mawa@h@la’miuﬂ 2553

3.4.6 MiFi

CAT CDMA lag nan. liguinislassinalnsdwriiaiauiszuy 3G CDMA 2000
1xEV-DO IWuimsBuinadiialimelud1sdinialasliuinig gunsninzanadyyio
a 6 & 2 p—— A v v a 6 & [ 2 s A
duinafita lSaouuunnw (MiFi) alwauisnlduduwneside lsaansouns 5 1a3a9
A = A 1 a _a v 2 a ¢ A A4y a
nanuTIgega 2.4 - 3.1 wnzdadadwdl lavazaadyminadifdwmaiidaluiuni

130717 ADSL Qﬂﬂiﬂi MiFi "Lﬁsawﬂawwmmmlumﬂ%amiaﬁumaﬁﬁm"[%’mwaa CDMA
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v e v A ‘é v o a d-ll 1
2000 1xEV-DO Rev. A L?l?ﬂﬂﬂ’]il%ﬂﬁﬂﬂi‘l’ﬁvlwaa(ﬂﬁﬂE]GI ma:mmsnlummimama

a 6 & =3 1 U U =3 = - o A
aumasm@mmLi’sgumpﬁmmvl,@gaq@m 5 qﬁnmﬂunmmmnu Tused 10 lwas

347  anulasuulas adiﬂida§10§§ﬁ%§861§%lﬂlﬁﬁ

73119 ﬁamﬂmmmmﬁmwmﬂﬁwuﬂaaﬁauﬁnga ﬁ'@mnﬁwmﬂﬁmmq@ﬁa

PpInalulad wqanﬁwjﬁim LLammwmnmioﬂ'uﬁguuswaaQﬂi:ﬂaums AR
A 1 v Aa di 1 U v Aa A 1
LmaﬂnslLLﬂ:i%UiﬂﬁiaaaﬁiniﬂuuﬁmJagﬁlmUI@ﬂﬁiﬂauqumaqQ’L%mmsmsamf;J (Network
‘é ] v o Qs 1 > g; =Y {

Operator) magmﬂlmmsmﬂuguamammmm ANT. UsznaununIuInIsFaEs
Insaumanluafa LonaanIINARBEIAAVIATZATIMTIRLTNIINTANS (NIINTANTIAY
ez Insdwritafeani) NULINIBUMDILAA BNNIANURAINRAIBVBILINIVWLATETY
Aa € & v A & & o A o v a o . &
Aunasinausazdunnuenidwly TuanumeyaIn1TRUA LLazsl%mmsmaaila LiNThie

ﬂﬁ]ﬁgﬂ'uﬁmﬁmm%a‘*ﬂwﬂﬁaaﬁinSﬂuuﬂﬂwL“ﬁﬂﬁ'mzuuﬁumaiﬁ@] Taglwdinag
fwuananang IP nugdniniluiaiatng ieldduwnaiidaidweIatnonan (Core Network)
° y = a o Y Y Aa a a 6
fwiunsremIndzian InsWamIzuy VolP TwanansaldusnivlaluwTswntiasd lag
ﬁﬁunumi@‘hLﬁumnmz@hlﬂﬁaﬁﬂumﬂ"ﬁu’%mw‘hn'jwmsﬁammuuma%ﬁmﬁwﬁmn o9

A A ' ° v A « A ' o & & A " w

lunawiaaazdiadatng IP innsnnduiaIaananan duaudnasvasnmsiausadayann
1J531An ﬁ'ﬂumsﬁamiﬁmﬁa;ﬂa LHE9 NI wIadana I@Umu%amia'lﬂﬁa;juﬂnﬂﬁu
AT TaNda lanIanszuuInsanwaluuultaealtin wiazuulntauwed lSane 32

2 v & A A A o ' o
Aalnsenriinfani ﬂiﬁoﬁuagluﬂaguu

35 lavwaiuaaasinintanwiadlulszinelng
351  lanaTIaaauInITInIantiafann

Uszinalnelud 2551 ﬁ;ﬂﬁu’%mﬂmﬁwﬁmﬁauﬁﬁwmu 6 318 AauIHN AIS,
DTAC, True Move, DPC Hutch Waz Thai Mobile (daannanasdauuiluuSsn TOT3G uaz
Trusmslnsdwiiindaufiluszuy 36 Wurswsnvesdsandlng) laauSen AIS Sdauuys
momwm@mﬂﬁq@ WFAIGININA 3.1 Full 2551 ﬁa‘hmupﬂ%ﬁ%mﬂmﬁwﬁmﬁauﬁlu
Uszinalnemafulszans 61.85 a1uan waudlduinmanadouiosas 10.50 uazgld
vINMIUszinni@uiininsas 89.50 Tﬂdﬁﬂ%ﬂ%ﬁﬂfﬂ%ﬂ’]iﬁd%ﬂ@
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TRUE MOVE, 23.86%

DTAC, 30.21% Hutch - CAT, 1.73% 0
= DTAC
® TRUE MOVE
®  Hutchinson_CAT
m DPC
DPC, 0.13%
= Thai Mobile

Thai Mobile, 0.02%

AlS, 44.04%

N 3.1 Aadugliuinsindwriiedeunvesdszindlng w.a. 2551
(EoduwidpuaziamgamwnITInIaNwaY, 2552)

' v o

é’@mu;ﬁﬁmﬁwﬁmﬁauﬁmaaﬂizmﬂ"lmﬂ@iaﬂs:mm 100 A% agNauAY 66 9N
134 Uszine lauiaaain 80.42 1A3896013:11N0T 100 A LIAIAININN 3.2

Penetration Rate Mobile Subscriber per 100 Population
200
180
180 |
140 -
120 |
100 |
= =
ED N
w
20 |
[ E—
AUIIIWTY | FepTuld | iudle | wuaide du | anfgauidm
[Ch{TT
I Penetration 173.37 126.66 90.2 87.86 83.88 83.51 80.42
Ranking 1 12 49 53 60 61 66

NN 3.2 é’@mugﬂﬂmﬁwﬁmﬁauﬁ W.¢. 2551

(FoduwidsuaziamgamwnITInIaNwaY, 2552)

3.5.2 Imoa?m@m@u%miﬁumaﬁﬁ@mwL’%ﬁgd

dazinelneludl 2551 mm%amiaﬁumaﬁummwL‘%ﬁgomulmyLﬂumﬂ%amia@hal
ADSL lagu31n True Internet ﬁdmuﬁamomsmm@mﬂﬁq@ feufizatuazidufianude
U3ENTlefl uazLTEn Afuauds drosuutfonss 41 39 uaz 20 MWL WEAIGINTWA
3.3
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MW 3.3 ﬁauuu’ammmmﬂﬁu‘%msﬁumaﬁﬁmmwﬁagﬂﬁlmmaﬁ 4 W.¢1. 2551
(amﬁ'u‘i%’mtazﬁwmqmmvxﬂﬁaﬂmﬂumﬂu, 2552)

L [ va 6 =3 dl = Q 1 1

a@mu;ﬂ’naumaimmmmmgwaaﬂixmﬂvlmmummuamwa’m@laﬂsw’mi 100
At wudwaglué’ué’uﬁ 75 970 134 Uszind aatdugadiw 1.43 audalsza1ns 100 A% LIAI
AINNDN 3.4

Penetration Rate Internet Boadband Subscriber per 100 Population
80
70
60 -
50
40 7 —y
30 |
20 | I I ‘I 1
10 I I
M =
wwuNnEn | iudAle rﬁﬂ_u anianidm | Realld | wuade oy
I Penetration 36.33 24,44 22.47 21.46 19.87 5.15 1.43
Ranking 18 20 24 49 75

M 3.4 é’m’?’m;ﬂ%‘éumaﬁummmﬁaga W.¢. 2551

(FoduidsuaziamgamwnITInIaNwIaY, 2552)

'{hmupj’lﬁﬂauﬂama%aoﬂs:mﬂ%Uluﬂw.ﬂ. 2551 agauaui 70 90 134 Uszing
Tauigaaw 6.68 1ATa96al3231NT 100 A LEAIAIAINN 3.5

Personal Computer per 100 Population
Penetration Rate

\

100

80 /_ _
60 | pu—
s0 |
20 li-li-lf
WAUIAT AudFaEn  ReAlld _ﬂu wnvald | anade na
M Penetration 94.58 79.87 72.61 67.6 54.44 23.41 6.86

Ranking

9 10 19 35 70

Mwh 35 é’mdma‘iwmu;ﬂ%auﬁama% W.¢1. 2551

(FouIdBuazNamgamwnITINIANUIAY, 2552)

24



UNN 4

¥ a A a 6
NIl szaNsAININ ﬂfufaﬁ LAazNIIIAINCHK

MINAIWTZUUNITRORT IS e oLNe [ NNT0 709U T2 UDUTOAUUKE IS8 %hiinu
Fuduwezdosamuludiulassaiofugiudnsg anfinszanodyyion aanfiendesyym
= a A &/ o g A oA a v o &
MutgUniallnsanmandugdnidudwnann suliaifenamulwnaluladlouds dudu
azdasldinaluladungludniiuseoziiaiwin aswumiadssaniawsaanaluladinig
A £ AA o ] a v v 2K A o <
Ram T limenldnaniwdanisitannsureauune asludszinalna3alianudniu

dl' U & 6 o o w A A = v d'
L'waimﬂuamﬂi:ﬂaummummmﬂaLaaﬂamﬂumﬂiﬂaﬂmammu@“hmwmmzau

41  madansawmaluladaae3snns DEA

myiadssantawinaluladvinlasn1siaseiersidnns DEA (Data Envelopment
. a a é { Y o s a a a
Analysis) (Anderson et al., 2008) 3513 DEA Juismmnienltdnsumsiadszansanlu
o A v a P & aa AN o ° & o o
My i wazlasuanufouiiiasannidudisnmsn lidssmnuansdsudrniuldlunis
A ABmyiadszEnTnwedas3inny DEA gnihaualaunduinids Chames, Cooper
and Roberts (Charnes et al., 1978) lagldWann1IfuIun19aHaAIaAS LU NE®WENT
A [ . . = o a a [ a [
TUsunTNLTILEU (Linear Programming) FIN13I0UTL’NTNING1835n15 DEA 1diinns
UszgndiiunuasianuainnInluniinda Maimquist (Malmauist Productivity Index : MPI)
A o a 6 a A v A
(Fare et al., 1995) iNayhnsliamzAdszinTnnoueyninvasna lasasilanumunm
Malmquist 1Y n13RTUIN1IG1uTaT8La1YI NN (output-oriented) UFAIGI (4.1) (Coell;

1996)

mo(yl+1’xl+l’y1’ xz)
1/2

_ di)<xt+l’yt+l) df1+l(xt+l’yt+l) (4.1)
dy(x,.,) )" (x,. )

logfl m,  Aedwfianuaunsn Malmquist Aansanduiadainrinm

d! AaWInTUIzEZN4 (distance function) NYMSIUSEUBLANULANGIDEY
UszRNTnIwanaunm x, LLaz"l@TLmﬁv!m Vi TERINTININ ¢

d' fedsednTawaeanaluladilainmaufsuudaslutiana #+1

X,y AOBUWN UAzLoYIWN

A A & A A A )
Xet, yent AOBUNN uaziOWIWnlafinmafeuudaslugaanm 1



fnsun1siseilalduuuinassnuadiamanisniunistadssantanuas
LwﬂIuIaﬁﬁﬁﬁuv!wLﬂu@i’nmuﬁ% (x) LLanL@‘TLmﬁv!wﬁaé'mwmmL%ﬁiunﬁsﬁami ) Foin
UrzAndnnaadnaluladiasmuavinnuaunsn Malmquist (m,) FWIHBAN IGANNANTUT
Tymuuudaeiniadamaas uansmenslysunsutbogu Fauvusaasiianiunms
Avonnedudadoienyinnuas SanumcraInanauunuul i (Variable Retumns to

Scale : VRS) 1313038l uudNaedldad (4.2) — (4.5) (Coelli, 1996)

[d!(x,,v,)] ' =max, @,
subject to —Qy,+Y ,A>0,
x,—X,A=0,
NI'A=1, (4.2)
A=0,

[dtoH (xt+1 ’ yt+1)]_1:max(p,)\(p’
subject to —Qy,; . tY,  AZ0,
xi,t+l_Xt+l)\>0’
NI'A=1, (4.3)
A=0,

—1
[ (%410 Y 00)] =max, , 9,
subject to —Qy, .., 1Y ,A>0,
X~ X, AZ0,

4.4
A=0, “4)

(" (x, p )] ' =max,,, @,
subject to —@y, Y, A=0,

X~ X, ,A=0, (4.5)
A=0,

lapfi @A AadrdrsihwinuesBunnuazianyinn

a &
NI faa3ndnike Nx 1

alulatndanuniwlunislwusnisniTaasiTusaauuws Br1gludszinelng e
° = P o o A A =
‘Y]’]ﬂ’]ii’mi’mLLG&LﬂiEJ?IJL‘Y]?J‘l.I?JEJ%Jﬂ@GLL&@NI%@]’]?N‘H 4.1 Uaze1319N 4.2 lasnmdsau
Woulszansnwinaluladda835 DEA $az lUdin1IR o8 INILEILULUHIBAINARIL LR

26



FunsadTndsziinaruitasannidumne luladif o NI uuwaInUaItaIn1IFagIlag

Wz (dedicated) udvztihldusniansanlulsziaududaly

a1397 4.1 maSeuifisumalulad (IEEE 802.11n-2009, 2009), (Isaac and Eric, 2001),
(Motorolla, 2007), (Radha and Radhamani, 2008), (Smith and Collins, 2007), (Timothy et
al., 2003)

ol | DM 0 L | #99u | enug o n o A
wmalulad [0l | . 4| uuuean , a8 / ToLRy
R | anud ARy | INTE
T una2sn9n e InnA BT
900 MHz, 14.4 oo o _ .
GSM 1991 | TDMA 200 kHz | 5 km Usend waRanINANNSINTES
1.8 GHz kbps | . :
Toyad
1012 > 192 ATALARUNNNUT LL@iqﬂmtﬁﬁﬁm
VSAT 1991 | FDD 36 MHz | 1000 ] gIuaz AN IRenaIMTEITaNARY
GHz Mbps | % v
km ga
i lagearldanslusunisvaltan
FSO 1997 | FDD | dedicated | dedicated | 4 km Gt; ARUANND UAZRUUUGINAT
S ~
P qﬂmtﬁmwmgo
T una2snan e annAwiT
900 MHz, 128 Vo <! .
GPRS 2001 | TDMA 200 kHz | 5 km Usend waRanINANNSINTES
1.8 GHz kbps | . :
Toyai
NARDILTITULET FOATIANNSINT
850 MHz, 384 . e o A
WCDMA | 2001 | CDMA 5MHz | 5km FITBNRUIUNANT FBINITARU
1.9 GHz kbps A2 A
ANNDLANLAY
- asuanuiivuitay Q’Lﬁu%milﬁu
CDMA2000 | 2002 | CDMA | 850 MHz, |1.25 MHz| 5km | Wasumaluladduunliusnng
S
P aunu
T und2en9n 91N nA BT
TDMA | 900 MHz, 384 o = e
EDGE 2003 200 kHz | 5 km Uszind a0 INIFIToNA
/FDD | 1.8 GHz kbps U
dunad
ANUSIMIFITONRES WA
IEEE 54 NV Sl v a
2003 | OFDM | 2.4 GHz | 20 MHz | 30 m ATAUARNIING FIRINITDLALSINT
802.11g Mbps |y  °
Idiannzqa
IEEE OFDM | 2.3, 3.5, 6.8 | 128 |dwnaluladluy wiuadnsaian
2006 20 MHz L e Ao o 9 U
802.16e /MIMO | 5.8 GHz km Mbps | 218834310 A
ldsuanufisugs JaaanNsIng
CDMA | 850 MHz, 13.98 |, o o ¥ o A
HSPA 2008 5MHz | 5km FITDNANIN FDINIIATINRIIANY
/FDD | 1.9 GHz Mbps - I
ANUDLANLAY
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ANNBINMIFITONARI LATNUN
IEEE OFDM 300 R B o a
2009 2.4 GHz | 20 MHz | 50 m ATaUAaNIINa F9auTnlRLSMY
802.11n /MIMO Mbps o 1
Vlmaww:fgﬂ
Wwmnaluladlng agluanaannis
OFDM 2—-6 173 o a v, ¢
LTE 2009 20 MHz | 5 km NAFAUNIHRUINT S wualniol
/MIMO GHz Mbps \ e A w E
antnadfidnia

a1397 4.2 mISsuisumalulafidauuuddnsau (IEEE 802.11n-2009, 2009),
(Motorolla, 2007), (Radha and Radhamani, 2008), (Smith and Collins, 2007), (Timothy et

al., 2003)
g | NWINTDI . UUHAINTIN
L | Un | Ay | q - . 4 ANNLIITDY ,
walulaf L. dwmenad | uwuuwein | syanmnltle . NNTDI
15 | Wil . 4 NIRRT o
g1uaNND ClallaTgYa!
900 MHz,
GSM 1991 | TDMA 200 kHz 75 159.6 kbps 15 MHz
1.8 GHz
VSAT 1991| FDD |10-12 GHz | 36 MHz 300 64 kbps 36 MHz
900 MHz,
GPRS 2001 | TDMA 200 kHz 75 171 kbps 15 MHz
1.8 GHz
850 MHz,
WCDMA 2001 | CDMA 5 MHz 3 5.76 Mbps 15 MHz
1.9 GHz
CDMA2000 | 2002 | CDMA | 850 MHz, 1.25 MHz 12 1.229 Mbps 15 MHz
TDMA 900 MHz,
EDGE 2003 200 kHz 75 270.833 kbps 15 MHz
/FDD 1.8 GHz
IEEE
2003 | OFDM 2.4 GHz 20 MHz N/A 54 Mbps 20 MHz
802.11g
IEEE OFDM | 2.3, 3.5,5.8
2006 20 MHz N/A 128 Mbps 20 MHz
802.16e /MIMO GHz
CDMA | 850 MHz,
HSPA 2008 5 MHz 3 14.4 Mbps 15 MHz
/FDD 1.9 GHz
IEEE OFDM/
2009 2.4 GHz 20 MHz N/A 300 Mbps 20 MHz
802.11n MIMO
OFDM
LTE 2009 IMIMO 2 -6 GHz 20 MHz N/A 173 Mbps 20 MHz
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42  WamMaUszansninmalulatiengdsnns DEA

MNITAI WIWa21835 DEA a8 (4.1) — (4.5) I@ﬂ%@hamg'ﬂ (x) LLaszﬁvm(y)
a 6 o > ) =y a g; g = dl s fni
WITRLEDT FATUNIIAIWI T ENTAINNITR 11 Inalulad na1Ten 4.3 aaaunn 3 —
4 UAIAL  WAAWTN LGNNI I RIL T AN AN 83 TN 8AI8NITHIDATIEIN
TERINAATIAMNS I UAITRORITURLLUBAIN LFAIIUAIIINN 4.3 AAANAN 5 LATNANIT
fwImlIzansnna1835 DEA Tuilnsuldiw uraslua1319n 4.3 aasunin 6 lagluds
DEA

AN 4.3 wanIdSuuisulszanImwinalulada1895n115 DEA

o ounn, x Lmﬁvgw, d dszinsnn AszANTAW
walulad tasuldom | yudinm unnTes | dananuie AUNA | Joa 1755 18
Sy (MHz) (Mbps) (bps/Hz)
GSM 1991 15.000 11.970 0.798 1.000
VSAT 1991 36.000 19.200 0.533 1.000
GPRS 2001 15.000 12.825 0.855 1.348
WCDMA 2001 15.000 17.280 1.152 1.000
CDMA2000 2002 15.000 14.746 0.983 1172
EDGE 2003 15.000 20.312 1.354 1.992
IEEE 802.11¢g 2003 20.000 54.000 2.700 1.000
IEEE 802.16e 2006 20.000 128.000 6.400 1.000
HSPA 2008 15.000 43.200 2.880 2.222
IEEE 802.11n 2009 20.000 300.000 15.000 1.000
LTE 2009 20.000 173.000 8.650 1.733

v

o dl dd‘d 1 a a dl QI
AINHNANITATWIDHUANITNN 4.4 mﬂIuIamwmﬂizammwgdq@ o LTl
P o o v AAaA ' o A @ ' Ada
Nuuazinsudaunadlinumaluladnduinaunin azda 1Ny 1 gaunelwladnien
a a ° ' A s v & Ada ' & o
Uz ENTAINEINTNZHANINT Y LaauaadlALABINNA L IaENTAININNTT 1 IRV
o ol a a L A a a o Ada a a o Pg
wann lildszaninmgedwnafisuifsaiumaluladnfidndszdninngsgald uwananit
HaaW? ldaninsdwi sl sz&@ninwoueynInaedian adudl a.a. 1991 — 2009 11w

szoz128 19 U vaanaluladnisFassnwin 11 LwﬂIuIaﬁvlﬁgﬂmelu@’maﬁ 44 N3
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ﬁayaﬁvlﬁmﬂmﬁaﬁ 4.4 Souaasliidwinmaluladfiflssansnm o nafisuldnu 0ned
waluladauiddszansawannniuas e 1w osMm Bulwusmsassusnlud a.a. 1991
fidazaninwgsge wadafinswany WCDMA ludl a.4. 2001 UszanSniwuas GSM fi
E}mwﬁwﬁ“’;mmiuiaﬁﬁﬁuaﬂ'ﬂﬂ’h lay WCDMA TudssanTaiwinilanin GSM §i4 44.3 %
%%a%mmmmdwﬁ%mgwLLuu@ﬁmViﬁﬁu WCDMA mmmlﬁmmL%’ﬂumsﬁamigaﬂ'jw
GSM uazmnifisuiuinaluladlull a.a. 2009 udrezwuinnalulablniddsziniaings
N3 GSM &9 361 % naluladfiddszansnwanunistssiugr035 DEA luil a.q. 2009
Aowmnaluladl HSPA was IEEE802.11n savasandainalulad LTE Aisunasaumslvusns

A9 4.4 el RswLlaslseRNTAT WA MU R UL RILIAN

. fs=ENE AW AUeFENTNIW DEA UnannInuadm
wmalulad | T95uld0u DEA Lyl Eals
1991 | 2001 | 2002 | 2003 | 2006 | 2008 | 2009
GSM 1991 1.000 1.000 | 1.443 | 1.443 | 3.378 | 8.000 | 8.000 | 3.610
VSAT 1991 1.000 1.000 | 1.000 | 1.000 | 2.809 | 6.667 | 6.667 | 14.925
GPRS 2001 1.348 1.348 | 1.348 | 3.155 | 7.463 | 7.463 | 3.367
WCDMA 2001 1.000 1.000 | 1.000 | 2.342 | 5.556 | 5.556 | 2.500
CDMA2000 2002 1.172 1172 | 2.747 | 6.494 | 6.494 | 2.933
EDGE 2003 1.992 1.992 | 4.717 |4.717 | 2.128
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mstleudiwisdiaesimnsunisduwimalsldsunsy EAP Version 2.1 : A Data
Envelopment Analysis Program tiadwisstszdntniwinaluladaiu3snny DEA lapl#

ATDWIMIINALATRANNFINNTAIUNIHRG Malmquist iNa¥imMsAlazRiyszanTaw

UKOUNINTBINNT I ﬂl"ﬁfﬁagamsﬁmfsmmﬂmﬂoﬁ 43

Talnd My0O4spu3.ins

MyO4spu3.dta DATA FILE NAME

MyO4spu3.out OUTPUT FILE NAME

11 NUMBER OF FIRMS

19 NUMBER OF TIME PERIODS

1 NUMBER OF OUTPUTS

1 NUMBER OF INPUTS

1 0=INPUT AND 1=OUTPUT ORIENTATED

1 0=CRS AND 1=VRS

2 0=DEA (MULTI-STAGE), 1=COST-DEA, 2=MALMQUIST-DEA,
3=DEA(1-STAGE), 4=DEA(2-STAGE)
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ANANKIN V.

NAAWTANTNN1TA wime81ldsunsy  EAP Version 2.1 : A Data Envelopment
Analysis Program tivadnuwiastseantaininaluladals35n1s DEA lasldaunsadiuim
Swnuasianuau1IalunInda Malmquist Lﬁaﬁﬂmﬁmm:ﬁﬂizaﬂ%mwuumgmwao

bIR1

%@TNﬁMy04spu3.out

Results from DEAP Version 2.1
Instruction file MyO4spu3.ins
Data file = My0O4spu3.dta
Output orientated Malmquist DEA

DISTANCES SUMMARY

year = 1
firm crs te rel to tech in yr vrs
no. kkhkkkkkhkkkhkhkkkhkkkhkkkkkkhkkk*x* te
t-1 t t+1
1 0.000 1.000 1.000 1.000
2 0.000 0.668 0.668 1.000
3 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000
11 0.000 0.000 0.000 0.000
mean 0.000 0.152 0.152 0.182
year = 2
firm crs te rel to tech in yr vrs
no. kkkhkkhkkkhkkhkkkhkhkkkikhkkhkkkkkhk*k*%x te
t-1 t t+1
1 1.000 1.000 1.000 1.000
2 0.668 0.668 0.668 1.000
3 0.000 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000
7 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000
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no. Khkkkkkkkhhhhkkhhhhkhhhh* te

t-1 t t+1

1 1.000 0.693 0.693 0.693

2 0.668 0.463 0.463 1.000

3 1.071 0.742 0.742 0.742

4 1.444 1.000 1.000 1.000

5 0.000 0.000 0.000 0.000

6 0.000 0.000 0.000 0.000

7 0.000 0.000 0.000 0.000

8 0.000 0.000 0.000 0.000

9 0.000 0.000 0.000 0.000

10 0.000 0.000 0.000 0.000

11 0.000 0.000 0.000 0.000

mean 0.380 0.263 0.263 0.312

year = 12

firm crs te rel to tech in yr vrs

no. kkhkkkkkkkhkkkhkkkhkkkkkikkkkx* te
t-1 t t+1

1 0.693 0.693 0.296 0.693

2 0.463 0.463 0.198 1.000

3 0.742 0.742 0.317 0.742

4 1.000 1.000 0.427 1.000

5 0.853 0.853 0.364 0.853

6 0.000 0.000 0.000 0.000

7 0.000 0.000 0.000 0.000

8 0.000 0.000 0.000 0.000

9 0.000 0.000 0.000 0.000

10 0.000 0.000 0.000 0.000

11 0.000 0.000 0.000 0.000

mean 0.341 0.341 0.146 0.390

year = 13

firm crs te rel to tech in yr vrs

no. kkkhkkkkhkkhhkkkhkhkkk kkkikkkkik*k*k te
t-1 t t+1

1 0.693 0.296 0.296 0.296

2 0.463 0.198 0.198 0.356

3 0.742 0.317 0.317 0.317

4 1.000 0.427 0.427 0.427

5 0.853 0.364 0.364 0.364

6 1.175 0.502 0.502 0.502

7 2.344 1.000 1.000 1.000

8 0.000 0.000 0.000 0.000

9 0.000 0.000 0.000 0.000

10 0.000 0.000 0.000 0.000

11 0.000 0.000 0.000 0.000

mean 0.661 0.282 0.282 0.296
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year = 14

firm crs te rel to tech in yr vrs

no. kkkhkkkkhkkhkkkhkhkkk kkkikkkkkhk*k*x te
t-1 t t+1

1 0.296 0.296 0.296 0.296

2 0.198 0.198 0.198 0.356

3 0.317 0.317 0.317 0.317

4 0.427 0.427 0.427 0.427

5 0.364 0.364 0.364 0.364

6 0.502 0.502 0.502 0.502

7 1.000 1.000 1.000 1.000

8 0.000 0.000 0.000 0.000

9 0.000 0.000 0.000 0.000

10 0.000 0.000 0.000 0.000

11 0.000 0.000 0.000 0.000

mean 0.282 0.282 0.282 0.296

year = 15

firm crs te rel to tech in yr vrs

no. kkhkkhkkkhkhkhkkhkhkkkhkkhkhkkk ik kixkkix* te
t-1 t t+1

1 0.296 0.296 0.125 0.296

2 0.198 0.198 0.083 0.356

3 0.317 0.317 0.134 0.317

4 0.427 0.427 0.180 0.427

5 0.364 0.364 0.154 0.364

6 0.502 0.502 0.212 0.502

7 1.000 1.000 0.422 1.000

8 0.000 0.000 0.000 0.000

9 0.000 0.000 0.000 0.000

10 0.000 0.000 0.000 0.000

11 0.000 0.000 0.000 0.000

mean 0.282 0.282 0.119 0.296

year = 16

firm crs te rel to tech in yr vrs

no. kkhkkkkhkkkhkkkhkkkhkkkkkhkkk*x* te
t-1 t t+1

1 0.296 0.125 0.125 0.125

2 0.198 0.083 0.083 0.150

3 0.317 0.134 0.134 0.134

4 0.427 0.180 0.180 0.180

5 0.364 0.154 0.154 0.154

6 0.502 0.212 0.212 0.212

7 1.000 0.422 0.422 0.422

8 2.370 1.000 1.000 1.000

9 0.000 0.000 0.000 0.000
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6 0.212 0.090 0.000 0.470
7 0.422 0.180 0.000 0.180
8 1.000 0.427 0.000 0.427
9 0.450 0.192 0.000 1.000
10 2.344 1.000 0.000 1.000
11 1.352 0.577 0.000 0.577
mean 0.587 0.250 0.000 0.458

[Note that t-1 in year 1 and t+1 in the final year are not defined]

MALMQUIST INDEX SUMMARY OF ANNUAL MEANS

year effch techch pech sech tfpch
2 1.000 0.005 1.000 1.000 0.005
3 1.000*****kk%x* 1.000 1.000****k**xk*
4 1.000******** 1.000 1.000******%%
5 1.000*******% 1.000 1.000******x*
6 1.000*****kk%x* 1.000 1.000****k**xk*
7 1.000******%* 1.000 1.000******%%
8 1.000******** 1.000 1.000******x*
9 1.000*****kk%x* 1.000 1.000****k**xk*
10 1.000******%% 1.000 1.000******%%

Jl*kkkkkkkhkhkhhkhhhhhhhhrh% 0.967****kkk*

12************************ 1.000********

13***k*kkk*x

14 1.000
15 1.000
16 **kkkk**
17 1.000

18********

19**k*kkk*x

1.591**x***x*%%

1.000 1.000
1.000 1.000
1.801*****x*%%
1.000 1.000
1.000***x**k%%*

2.169%**k*k*x*

1.017****x%*x*

1.000 1.000
1.000 1.000
1.000***%k*x%
1.000 1.000
1.000******x*x%

0.407****kkk*

mean ***xkkkxkkkkkhkkkhkkhkhrhkhhx 0.950********

MALMQUIST INDEX SUMMARY OF FIRM MEANS

firm effch techch pech sech tfpch
1 0.850 1.177 0.931 0.912 1.000
2 0.850 1.177 0.858 0.990 1.000

Jrhkkkkkhkkkkkkhkkkkkhkhk k% 0.912%***kkk*

Qrkkkhhhkhkhkrkhhhhkhhhhhkrkhkkk® 0.912*%***kk**
Bhkkkhhhhhhhhhhhhhhhhhkkk 0.912%%**kkk*
G R *hkkkkhhkhkkkhhhkrkhkhhhrh% 0.912%***kkk*
Thkkkkkhhhkkkrkhhhkrkhkkkkhrk* 1.000******x*x%
Gk kkkhhhhhhhhhhhhhhhhhh% 1.000***%k*x%
Ok kkkkhkhhkhhkhhhkrhkhhhhh% 0.912%***kkk*
1% **kkkkhhkhkhkhhhkhkrkhkkhhhrk* 1.000******x*x%
Tlhkkkkhkhhhkhhhhhhhhhhhhhhx 1.000***%k*x%

mean ***xkkkxkkkkkhkkkhkkhkhrhkhhx 0.950********

[Note that all Malmquist index averages are geometric means]
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