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ABSTRACT

LTE Simulator is a simulation software for LTE networks which is developed
using C++ on the Linux platform. Several researchers have used LTE-Sim as a tool for
evaluation the system performances. For using LTE-Sim, the knowledge of C++,
structure of Trace file, and AWK script writing are needed for the user. Before running
LTE-Sim, user has to set some parameters and preparing AWK script for filtering the
Trace file according to performance metrics which are used for simulating only one
situation limited by simulation time. In order to evaluate the system performance, we
have to simulate the several situations. Therefore, the user has to repeat the same
process again starting from setting parameters which may increase the time for
obtaining the simulation results of all situations and error during setting parameter,
and error in AWK script. We consider that the usage of LTE-Sim may be more easily if
the user can do everything explained above through the user interface and this is the
motivation of our project. In this project, we develop the user interface for LTE-
Simulator software called UIALTESIim. The user can set the parameters of all
situations and select the performance metrics through the user interface. Then,
UIALTESIm will run LTE-Sim automatically. The simulation results of selected

performance metrics will be shown in the form of graph.
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Fudyyauazasdygufeglideyaisomnsld feeg fio msdsfeyaiussuulnsdn
L= = ] ar cl ar ad ar nl s o
B304 (H2) fie s inanudvasdygrudeyawuusundenis innudaviudnuseuves
o o a o = o )\ f v o a 2 a - o =
doyaauiintunelu 1 3 i Sygradeyaniinmud 60 Hz wneia 1 Juriidygyiwud

nswdsuwasTsRiudygm 60 soU @unazasiuiiu 1 sou)

2.1.6.2 dgygruilnea

@

Fyyraiinea Judygrauwuulidedes gUuuumaaﬁ’:ynpmﬁmmLﬂﬁﬂuuﬂaQﬁhi
Usinseagadyyiueudenlunisdearsimedygyaiines Toyalunaumosduiy
\avgudes (Ouazl) ssgnunudygyinidnea WulBunulndeya 0 Medygrailwiiiiy
nanauazndoya 1 medygalwihdiduuan Bit Rate \udasanudilunmsdsdeyanuy
Adnea ITansestusiusuiadeyanidalalutasssesiaat 1 Junfl 1y 14,400

bps mnedis Taudilunsdsdoyadiuinid,s00 deluszeziaan 1 Junil
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Digital signal

Analog signal

d ar ar aa
JUN 2.6 UFugBURBNUR Y uAInea

2.1.7 fAnenisaedns

a 1 dl L% ' v 1 Vas llyJ -3 L - s <4
Tunsdndefieansiusyninaddauazizuty swild 3 Weeiude

2.1.7.1 Hesrsuuumaiies (Simplex)

- = 3 1% 7 e ] < 44 o < -

darsuuuniie lassasslsznoudie Insesdwilauniouasiaiasiunianies
s 1 A:ﬂ ) =J 1 oy 1 s
A9 NMIYBUABUUUN ALY 11U sEuULALland (TV Cable System) Taanisaaninluds

s ot 1 ] 1 W U 1w = s ] :ﬂ 1
selvnavimidesgnasnanniisdiwesssuvasiudusazdudiewisaainia mogedug 1wy
syuududeamiuane (Public Address System) 4narsanunsanszagludadiunineg

& 4 A | v = o Y a4 a ¢a cw

ATDUARUINLY 3an1sdstayadnAeNmImeslugutanululvinasiuiRuidanIu

2anu1 dRFanIsynulufemafen Wusy

A

L ' P [ v -
IO AL Fuveyaedude?
= = .
3un 2.7 fossuuumaiien (Simplex)
2.1.7.2 Hessuuvaasiirnie (Full-Duplex)

WunsdsdeyawendetsiulaluassfianianiongfuluisasUatsnisusznaudie

\A3esdnasiAIasTuLazanusaldulansondy MegransiteudedeeianiugusEuy
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Inséndt gaunumsaesanunsayaneiuliniouiulunanfsituddesnts hildauslun

= a [ : = o [y w MY v )
FYUUADATARINIANIIABINTT NS LU s@ausdenanusadn lauazaunuiuldnsouiy

A B
h
1 ar L) A
aanazfudeua aaaziuvoya
Tunandanu Tunanaoanu

gﬂﬂ 2.8 #ossuuuaasiianie (Full-Duplex)

2.1.7.3 Hessuvumalamaenils (Half-Duplex)
nadeusauvuwuuslammilnfuvateusiavduanunsosudals e dugiule
uvisluiaty Avaremiaesiuanusodmiesuinasidiniioutu Tnensdeude
senhalaeaesesudsianiu msifeudeiiedoasasiuliannsadimieutuniodu
wiauiulalunandeaiu masgvildwseutulnevaredunidadiusds yanesuniisdeady
5 fidndsindenisviautieviviilunisvhaushegansidensenisdeasuuunile
mewils Wuingdeansgiulssvivunie CB  (CitizensBand) n3angailasidu(Radio
Amateur) fosrnuignuiteeniiiudesq msindedoansisfusesusutesauilinseiy

at al a u s = ] s
mayeReiuIzlaiadidudiiuasuannznmsdmseiu

A

aevoyaiife B Sudeya asdoyaiite A Tudoya
= =
3Un 2.9 feasuuumaslamanils (Half-Duplex)

2.1.8 fanaren1saeans

o

s 4 & | ogv oA o ' D] £y 2 ) :‘1”
minansdeans Wudetldreennsdeasseninddwuazdudoya dnarsild

Tunsdeansuwussaniu 2 Useunn fe
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2.1.8.1 fAethdeyauuuiians (Wired Media)

ﬁ -3 4 = aa Yo = =

auhfeyauuulianenieuldiudl 3 via

1) aegfndel (Twisted-Pair Cable)

aeglainden Wumedygrahdeyalwih ansudasidulidnuazeadoaelialy
o = v ! = o 1 1 ] v oa o a = o = &
wnuasaziilug wu 2, 4 vive 6 w usiavgaziimsiuladuduindss nsdandentiey
| ) da & 1w o 8w w ' a o
Teandygsunuiiiaulunisdidoya ilvideyalalnaniund wazdsfianudlung

as

YITUIUTBUVBINITAY

1 [
1 ar as

s a =i v o o ! ] [ ==
fiumae El\'lﬂ']EJﬁJﬂ'ﬁWUﬂUﬂN']ﬂWﬂlVf'i qmmwmmiawa;&aﬁazﬂwmﬂuu ANYUSVD

dedioyauszana 100 Hz fa 5 MHz Bnvisgaunnuesanesiiniitueg

dredygruviaill 2 dnvuy Ae aegiandeiwvulufivulansvodiu  (Unshielded
Twisted-Pair %38 UTP) uas arggUandoruvuiidulanvsviodu (Shielded Twisted-
Pair %38 STP)

(n) UTP (v) STP
3l 2.10 anegAindeaiauuu UTP uaz STP

2) aelauoni@iva (Coaxial Cable)

aglanenidon Liuaedygrahdeyalwit Sarubdlunisdedeyauszana 100
MHz fia 500 MHz avglauenidvaiinnnaiilunisdsdeyauassiaginiiategdanden
dnuaizvesmelawenifeaiuan e dygyrauifiauiuiududug varetuaduiudnilans
o o 5 [ v o ] @ o o o v a & a
smlaneduluvimindsdyga diudnilanetuuenymiidumeiu wasidunsie
Joaiudgygrasuniuainnisuen villidgygrasuniudniduluies Sededoyaldly

ssezlna
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Uil 2.11 analauenidien

3) aelWiuaieaufn (Fiber Optic Cable)

aedgygranhainleuivieaniuamaiuiie fagesiuuas finamialunisdeg
whifuamuiauas aunsalilumsdsdeyafitianuigals dygrnidaiiuaslowdniuag
fiauas wazdygrasunmunnmeuenilifieatiaiien Aaudewinmeusn dauanalouinh
wasitilanmesiidaanasumuiesinn melsufihuasdinadeudtgauazauainwenn
Felidoaifuiitendmiunisldaudearsing Wluesdnisvuadn wislunisdeansitls

FBIN1IAANLT I

U 2.12 selwiuasoaudn
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2.1.8.2 Hehdeyauuuliane (Wireless Media)
< v % v o = o
nsdeansteyauwuuliane aldonimdusinarsvesnisiears Snvazeanis
doansdeyaussiniiity
1) uaadunsIsA (Infrared)
al i o < | 11 14 o ¢ a P -3 -6
aduulmanivindianutedludae 10 - 10" Bsnd vieauenedu 10° - 10
al 1 o alay =] =l =l ] :ﬂ' 1 -d 45 e d' =
AT 138N IEDUNTUIN NIBLTENDNDY1NTLIIN ARUANNDAU (Millimeter waves) #9923l
1 a - Y < P ‘Y W W s ala e
grumnuimuiigivguaanvesmaulilasivetng Fagiou asuasiddunsisaiiliang
F 5 ] -4 O e = ar L3 v o aa
B1AAUEUND 10 inseanun Usvamdulan1afimilvesuywdaiunsasudddunsuse
duasdunssadumatudunss hiawsadwingituuas uavannsaasvieunadluiangin
= - ) o 2 = v e 1 o a o w
Soulsimiaunuuasmlulfinalunisdeans sveslad fedrgunsaliifioulddmiunns
o 1y v clpd- Ul =y |3 = & v
domstoyaszezindiiy und wiasium ndosdinea 1Uudy
ad a =
2) mauImy (Radio Wave)
P 4’ L4 ] P - 1 ot < o a a
msdeansuseimilazlinsdnaululuonmea wiedduduniosiuinglaesamnuaiu
d 14 A ar 5 1 = = v ./ I
Weslamiidsaidugy wwuresrdulni dndunisdsingnsyanedesdlideddarsds
%) o | ad o v o ' ' P 1 q
18y wasdeaunsodndudygrululassezlng aazegludisanudssndne 10 -
9 a v & 4 W oa v @ v A oa ] °o g v o v
10" B3nd fnlu insesiuingasdenfutesmnuilitusduingiiden e sosudoya

Ioadnadmau

d d a
JUN 2.13 msdawuunauing

3) lulasian (Microwave)

2

- o ! o o - =t
Wudenardlunsdeasiisinninags dedeyalasordedygnlalasion Fadu

u
]

P v v W W o o | v o aa o v o
dygrumduuimaniniiluluemenseuiudeyadisioinisds uazasdesdiaaniivimiiniids

al ¥ d ar = ¥ 1 d” = v
LaSIUvDUA LLazmawmammwmlu‘lmL’J‘N%muma L‘lj‘uL?I‘Uﬁli\‘l ligwsadeavselfamy
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voulaniifirulAslel Jasioafinisfeanniliudedoyaiiuszerq uazditoyadefuiuneny
sewivamildeamilaunasfamilvanens lunsalissssnsinefunn wiefideiarang
doyeyrou wdosldaaniiniudyans (Repeater Station) iedsdyaaseidutag msdedns
Usziaiiannsadedoyauiunaannld usilutensasnagnanimuandensunaulfiguy
Tnslamztsunnuieiing ssvhlimsdefoyavildlifin uasusasaniasdiogluiigs 3

| o 8 12 a 3
avagludnanud 10 - 10 (Bsnd

SUTl 2.14 madeuuunadulalasion

4) amiiieu (Satellite)

lﬁ"%'umiﬁ'wumﬁumLﬁawﬁnlﬁ'mﬁm‘i’]ﬁ’mmamﬁ%’ueiahﬂﬂ'mwuuﬁ'ﬂaﬂi’mqﬂizaaﬁ
Tunsadresamudiouiefiuandiudsdygralalasauueinia waemudygaduuudlaes
vaslan lumsdsdynuanifisussdesiiannineiuiuresyhminisy wavdsdyaaduly
vusnfisuiilaaseggeaniulan 22,000 lud Tnsnadisumandu avadouisneanuii
whitumsmyuedlan Juaileusumadisuiuegiiegiuil vurilanmuseudies vihldns
daﬁmmwm‘tu’[ﬂsLowmﬂamﬁwﬁa%ulﬂuumaLﬁsuuazmsnizmaﬁ’mmﬂm INANUAYUAY
udsanriinnuganieg vuialanidulusgrawivgn araiivuaisalassegld Tnsende

@ M v = @ a ¢ v <
WaLUALAINMNNTWAIY Wit UULEeTiRg fae Wkaleand (solar panel)



20

a ey

N 4
N4

amiGsudrpnnn anidodrynnmu

o =
3UN 2.15 msdanuua ey

5) ugys (Bluetooth)
P ¢a & a e v d a &
sruuieanvesgunsaibiaanselindiuuaniniy Mmeafuingszeydu (Short-Range
3 A v a os o I | o 2/ 2/
Radio Links) lngusimannmslgananida vie aedygantouse waglisuluasdedldnig
a v - v a < A i = '
WUNNLUULEURSUNEBuAvdunT LI FaadiuanuaraInuInniINIsitieufeuuy
= A*L = 1 ' o il A s L3 o 3 < a '
dususn Mldlunsitenresevitilvsdwidetie duaunsal lulvsfwindeunisuiouq uas
- et 0 v =l 1 =l o = 1 Vv i 4
Tun939e lilpjsamegmsdedeyaiissndinien widdnwdnisdsdoyaiiiudes wield
@3y Headset uulnsdwyitletiosiay Wasan winlulad ugys dsangn Mwdsnuties uay
=l = ° L7 o o 1 | L3
l#imealulad short - range @sluawan sxgnialdlumsiaun dWewhlugnsunuiigunsal
1 ¥ k23 - 1 o ar @/ 4 d‘ v = dl
#in9e) Nldane wnda 19U Headset dwsulnsdwsindouit Wudy waluladnis@eslomse
= 1 al a v .:%’ =l = g d a n‘: ! &J
nsdeasuuulmingnAnAuiiy Wuwealulagvedunesinennauing feguuiugiuves
e el w ' o a P w & e Y o w
nmsdeasszezlndnuasnderuvesdyaiuniiud 2.4 GHz laefigniaunduiteandediie
vasnsidmeiailalumatenlosnefinruiilunisidenlegueani 1 Mbps szovasaunqy

¥

- | 4 a - o
10 a5 waluladnisdenduinguesvgysaslinisnsslandsunud (Frequency hop)

= a0 w1

' -1 < Y -] 13 I
wsnziuvaluladivmngnagldiunsdwduingniiidsdaiuazsaign lnsssulseandu

9
]

wanegasanudvuIaan Tusenineiiinisiasutosanudnluudueuyinliaiuisananmd
o o v v o &l [y Y - 'Y

dyaausunmuiduunsnugsle Fegunsainarlasunmseeniuindumealuladugys fes
H1UN15NAABUIN Bluetooth SIG (Special Interest Group) (@eneutieduduiniuaunsod

o 1 s s d = 3 b 4
s mivgunsaiugnsiidug uazdumesidald
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=
UM 2.16 msdsuuuugys

2.2 szuulnsAny

2.2.1 AAUINISVIINTANA

InsANn3 9 Telephone LIuAINI91nA19INTA Mu8te seEnILaEnNg

at ﬂ’: as s 1 a/s =l 1 lﬂ' ar ﬁld ] & c]
aunn Astunisldinsdwiludunisdsdygradsmeinuimidudindnustmiiog

U

1 =f

1 %) Lo L 1 o v = . ¢ 1 o
vindlnariu Jaguuiinmsldivsdwiagnsunsvats fadnlusosflyuansinsfniiifiotaesue

¢l v o

auazmInlunsaedeuaumnensdwiidesnisuazauaunsieresszuyligndes
wsugh

TnsdmiildgnAnAuuasyseiugtuuluiing 2419 Tastnussavy 9o ALEXANDER
GRAHAM BELL wann1suaslnsdmiiil Alexander UszAugfide dads (Transmitter) wazsay
(Receiver) §aillassadrawiloudinslutiagiiu ndnde sy laszursu (Diaphragm) fnot)

i1
L =t

fureain Jn1veglnds wimdnams Wisliduwnnsevuuwny laevuvsy Aazduvilivnain

0 '
Qs < =

a o i a = & - =
Fuvisardaunsnauiuwilivan ianszuatuui Turealn nszualwind azdemnuanslnda
v v oS v ow & I & @ w1 o = & 'Y =
FSUTIRISUNAEilAsIas1 iU fads Wenseualwihundenay Wrluluweads iasain

t:l ﬁ’l’ = d' nu) 1 o vV oa
nszwaliunid 1Wu AC 11ﬂ']'iL‘tJasJumJad‘tJ'm'mLLazaUaqmaaﬂnm AvgvliAnauiy
wilvdnduseuq veaInYed My aumwiviniazlundn viegatvauuwiivinaisves
@ | A I Ao B 1 { M v | P
FSU WAlleeann wiwmdnns easutiuldaiunsordounld veatauazunulaezunsy 39
[-1 1 a a o d‘ d' al 4' d‘ =* [ a a
dudhengnuanuazgaliladeun n1sn laezunsy wndaun Jadunsfiennianudainizves

al 1 nI/ - d' =) ; o 2= 1 (]
nseualwiingsnn dude tiadurdudssduuilusinia vialvldsu udeg1elsfniy

nseualiAiaduaInddeilll vuiadnuan dvnldansdseiunn agldanunsalasu deq
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]
v a0

YBIE NAINT 35N15U09 ALEXANDER GRAHAM BELL Fslaiuszaunadusavinlatn uafidu

&

o v Ve @
WSpIRULUU TRTin1sWaIun

o ¥

(L0 w1y
# q
aosedygy I
oAy
e 4
A3 A

d ar s
3UN 2.17 vanmsinsAwvivasuad

€ as 1

sioalul w.a. 2420 THOMAS ALVA EDISON léiuseiwg iadstiuslsilfanunse ds

-4 I a & a1 { a = a0 c a ¢
Iolna Yundwduds fden Edison UseRngtuu fided1 a1sueu nsuainimes (Carbon

Transmitter) mMsvaunsuaiinimes Winszualwitoanuiusann

NABDINY

ATTUBU

T—a

E; d =l al ] 1
esa mledidoeuinsenuniulaozunsy wuulnozunsuazlunans
L3 o ¥ 4 L7 u‘.’!
AN5UBY (Carbon) Vl¥AIANNAUNIUYEY HeA1SUaY WRsuLUaslUAIULTINA AaTTuLTe

AR MNATBNKNIANSUANILLUABULUAIMY 199Nk uAdau N9eTd Aa1susu fianuin
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woauAIT Nsisuulasnsuadou Seiuanaulude warnswdsuuvasd (Junis
WasuuwUas sanves DC fidreliarfueu Fusionananlédn mswdsundastananils
fis AC  fiTaguusanues DC fadu 1ile DClUdslnu AC Aludatuiduiu ud DC il
AUsEIIaL 6-12 Volts (Ausainapulassanslngdmy UULENY) Fannweiszddluldszezms
Uszunw 5 Alawns tdufe AC dudygrandedluldiguiu ndeaand Aladnswaun
Tnsdwvduuldnumnnemanessuy punaluladiidnamiduludes q falinswaunte

a ‘1‘ 3 ¥ 1 4 - o 4=‘!’
FEUUYNEY (Exchange) uay uasaalnsdwd Tdmulaazainauiy uasiivsyansnmunniu

wsoen i

Twuan

GO TRIE N

a1

pu ] ar 2 s
:BIUVI 2.19 anwaizvag AC “aquuﬂaﬂﬂﬂq DC

2.2.2 Fawnsvasmsanwiludssmalneg

" srunuluswdldnsiavasnu” w.e. 2429 fa w.a. 2468 laduiinidassnfeadu
Tnsémiluuszimelng 1 VssnalnelfihienTnsdwinnldifuasousn o we. 2424 asaitu
Synnafl 5 wisngasaulnduns Taonsunadlua (hsswsanailmludagiu) idadhanldo
Tufamsiitermaiunsuvisnd Tasfadaiinsugnmaidonganma 1 1es uazdensmunani
Wnszen Svdnaywsusinisdn 1 1edes sou 2 wedes tiearldudsinide Wreenluwi
WINTEE AN NNFANNINTIU

U w.ai. 2429 AamsTnsiwildiateiaiestu Srunuasmunsuazyaains fiuwin
P gegnnuinisuimsnu vesnsunativa sy nsunanlva aldTeudensveslnsiwy 19

Weglu N3 guanazdniiuns veansulusvdd nsiaw sewnsulsedidnsiavilavens
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Ramslnsdwiannaiasgdiensu lagly Uservu Slenaldinsdwildl Tuszezlinieadildas
-

vJu szuuwiindlle (Magneto) v3eszuu Tareauuntne3 (Local Battery )

= !Ju'; a o

U w.a. 2450 nsulusualdinsaaladadnsdns szuuasuuauLunAes (Common
Battery) 50 LHunsa wumme3 (Central Battery) inld@sazainuazysendaniissuuudini
Tauan

= o e v & o o

U w.A. 2479 ﬂ‘smlﬂswmaimLaﬂmawwumUizuuamumaamu (Step by

= & [ e =& a (-4 ' s 1
Step) Fallussuudalull@ anusavyuarnineisiulaenss laelidesiiuniniune
= B < <] [ -

a1e (Operator) wilou lanpaluniaes w3e [GuUnNsa LuALne3

U w.a. 2497 Wasvnfamsinsamilalasyirimiun Uszvsuleuld unsvaely
Mmuszna Aamsiug leduunvinlinsudvisauaiuinundu wsignsulusedldinsias
2/ d | = L2 ﬂ‘j 4‘ s !ﬂ' s o 2/
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> Y] s v & w av v - [ vas
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= 5 o eda & ) 1
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=3 a 2 as v oo aov o =
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3UN 2.20 wsaslnsdnsiasiousne

2.2.3 VANNISHINUYDIINTANWA
Q) L3 A Ei‘ L2 =3 <
Insfwiiusyuudeasiignimuiuiainivsey loslglulasinuwnuaindianzwie
o 3 ¥ o =3 <, & - ¢ os = o =
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JUN 2.23 inTenelnsAwiraiteuyumeriasiu
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2.3 S3UUINSANTLARDUTN

2.3.1 UsgiRamutuun

nglnsnitadoudl (Mobile Radiotelephone) iiuAvensdwvinuumilsilénduing
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flushe Tuveumiuiviinsiteduingidunmslulads nasmasedingnsinindoudii
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2) Time Division Multiple Access (TDMA)
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3) Code Division Multiple Access (CDMA)
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2.54 LLawwaLﬁ%umaqq‘lJnmiﬁﬁ% (Application of User Equipment)

=

mseiau,ﬁﬂLﬂmw"]wﬁ'aqﬁ‘zymflmmqwgﬂa%’wﬁ'ﬁy’w,l.awwﬁl,ﬂ‘ﬁ’u (Application Layer)
Tnvaziluewndiady 4 wewndladuiiozgnaiie 16l trace based, voice over IP (VolP),
constant bit rate (CBR) wag infinite buffer

wannaLAdu Trace based ﬁm‘aﬂ'au,ﬁnmﬁﬂmaﬁvug'mmmnmieia‘ifauua‘uaﬁﬁia

wanwaiadu VolP afrsiamgnsdsesdyaandeuvingu mydeesdygiadsas
fivnsiidsuazgada (ON/OFF) iilefimsdauuunsgatsrasnainavslnsdiagindifes 3
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melulusunsuil ssfiaaunisaisassnlfiieligldnuanmnsanaaomaaoy
Tusunsuls Tasaniunisaiugruifinisadrowrsfiinesseqitu Cel, ENodeB, UE,
Application 5aufiaIani3u (Start Time) wazenidn (Stop Time) Tun1s@uyatuunlv
\Feuiesud leiiearinvuadiuau Cell, UE, §1uau Application, 213159989 UE, A1 Delay
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1086 0 32 SRC I

o s @ s . &
JUN 2.40 HadwsveInsaeiulusunsy LTE-Sim Tuaaiumsalinugiu

9IN3UT 2.40 annsnedueldell

1. vendsdanue Feusznaudae de (TX), $u (RX), #is (DROP)
2. Packet Type w38 viiave4 Application

3. Packet ID

4. Bearer ID

5. Packet size

6. Source ID
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7. Destination ID

8. 1alun13as Packet 138 Delay vaauinnafilasy

2.6 AWK Script

AWK Script 1ulnddadeusienis AWK vnihildudedmunlunis dansas
wenue Trace file ilanANUsEAVEATNA199Y8971597889 19U Throughput, Delay, Loss
uaz PLR Tngil

PLR (Packet Loss Rate) fia Wesidusidnsieyaiimeluseninimsdstoya

Delay fio anidslluvnsfideyadunmanindumsludsatems

Loss Ao Usinaudayaivnelulusewinenisdsdeya

Throughput fie dnduvesSunndeyaivaremsiulddiafmunsdenarilily
QRECIGYRLY

= s

Fasee 9 lUsUNINTBY AWK Script dmsufnnses Trace file fidsil

TUsunsu 2.6.1 AWK Script Throughput dw3unsad Trace file

BEGIN{
sumSize = 0;
simtime = 500;
}

{

if($1 == "RX")

sumSize = sumSize + $8;

END{
throughput = sumSize/simtime*(8/1000);
printf("%.4f", throughput);

V/wiendu kbps




TUsunsu 2.6.2 AWK Script Delay d1w5unsas Trace file

BEGIN{
sumDelay = 0;
lineDelay = 0;
}

{

if($1=="RX" && $13 == "D")
sumDelay = sumDelay + $14;

lineDelay = lineDelay + 1;

END{
Delay = (sumDelay/lineDelay)*1000;
printf("%.4f", Delay);

V/mihedu fad i

TUsunsu 2.6.3 AWK Script Loss d19135Unsa4 Trace file

BEGIN{
sendPKT = 0;
recievePKT = 0;
}
{
if($1 == "TX")
sendPKT = sendPKT + 1;
if($1 == "RX")

recievePKT = recievePKT + 1;

END{
Loss = (sendPKT-recievePKT)*1000;
printf("%.4f", Loss);

y/dlaudining
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TUsunsu 2.6.4 AWK Script PLR dw3unsas Trace file

BEGIN{
sendPKT = 0;
recievePKT = 0;
}
{
(51 =="TX")
sendPKT = sendPKT + 1;
if($1 == "RX")
recievePKT = recievePKT + 1;
}
END{
PLR = ((sendPKT-recievePKT)/sendPKT)*100;
printf("%.4f", PLR);
y/mbaduesivus

o o & 3 )
2.7 #ANATIININIUNUFIUYDITEUU Simulation
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Simulation fia MsUEUANIEN1TIIRDIRNWULVRITEUUBL MaRATa auls
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Falunsdinnaiatia Computer simulation 9gmnefalusunsureuiinesNsanIn1yinauy

A
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2.7.1 Computer Simulation Fundamental

% % < ) ¢ o [y [
1. Computer Simulation 79 lUsunsuApuRLABSATIADIENWULN1THNIUTDY

TWsunsufiaulanaenavdsianiztrsanitlianuauls

2 Program variables %3® State variables (Jusuusdslaidudananslunisuansda

anuytagiuvessruunitass

i Y o o ' ” | ) °
3. Simulation Program agUsullaeumuad state variable tWaNAZWRILILUUINGDY

TumuganatiiuisuudasluiSesq

= . «
4. sUuuuresnaniinisldnuluszuy Simulation

1) amszuusuwuuldlunisvineu (Physical Time) fs L1afisEuUAULUY

= o o 1 A o o o = 1 )
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wuus1anuiloudninistu-amwenaissduduinaiiosfuil 14 unsrau
2545 qunseiaBaaniewesiudl 15 unsiau 2545 avldd 9asnanmaus
VanfiesTuil 14 unsiau 2545 sunsemidaanfissesiudl 15 unseu
2545 (Juanvee Physical Time

nafideululunuusdass (Simulation Time) Ao afiwuusiassldlunis
Wuiiesiasssyuu Faandnaneziianuduiusiuiaiissuusuwuy
Tlun1svineuass (Physical Time) 19U atlunuuiiasalu 9.0 ssvanada
a1 9.00 u. Tuszuuass uasniioie (1.0) veaafideulvluwuusass
Jemnedanan 1 lusiideululussuuase

nanfideululuannduede (Wallclock Time) fe warfitdoululuanudy
93¢ (fleufunanfiuandlaeunfing) lusswisiuuusasdifd iy wuy
WU aeadufuaufia 10.00 u. aunseiEeaan 12.00 u. ludud 10

unNIAYN 2545

5. 8AWNENISHI9IUTBITEUY Simulation  wilauudniuatunisyineu il 3

sULUU B
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2)

As-fast-as-possible execution B N13YINMUTBILUUTIABIE19 LU
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2.7.2 Computer Simulation Taxonomy
Computer Simulation Taxonomy tun1snanfisdnsazn1sinauves Computer

g . = P [ o s o ada o [ o as P
Simulation #saansanvzuuansihanusenududnuaswiaTsmahaugesldfgui 2.41

Computer

Simulation

Discrete Continuous

Models Models

Event Dniven Time-stepped

‘g‘l.l‘ﬁ 2.41 wHuNIW Computer Simulation Taxonomy
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2.7.3 Parallel / Distributed Simulation

Parallel/Distributed Simulation Ae malulagfvinlaiuisafiazadawuusiass
iioflaztiuiaulaeldszuu Multiprocessors wiannstémieuszinananansfamuyinay
sanfule Fammvhandluguuuuiannsoudsldidu 2 Snuaeie

1. Tightly Coupled Multiprocessors System uszuudivhauuy Parallel
Simulation saziimsifeudeduvemnieyszananasgidlnddniu nsvihanluguuuuil
annsafivzuienenidu 2 P BOIEEED sudnunmsileuseiumiennuslésine

1.1 Share Memory Multiprocessors tuszuufiaziisdanes memory untite

THausufulaeniisUszanananatedi faudiures memory Fudunineinsves

1 A (-] 1 v 1 Qs ;2 1 L7 L7 A
drunansazihuwuslgnusiuiu bildusesmisUszananadilasnilaneany

. . . d 1 o v
1.2 Distributed memory multi-computers 1Jusyuunazutanisitanulule

' ' 1 v e a ' ) = Y
wiheUssananasqeiuihnulaeimeUsznasauwiaziazi Memory Wuvesdies
2/ 1 24 ! L 11 ) s | s ﬂl } 4 v A v
Lildudstuldausuiu usrimihedszsanadibdugidianansefissdunvedeyefigniiuls

Tu Memory lalagmsvedayariumieyszuanalsiiduniy
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Simulation
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1.1 dwiu Parallel simutation Sfulunsvirsuiduuuy Machine room fe
annsavhendldianieludedianissuy Sessuummunasiosdinidlurioafeaty ditude
Nuilunsinuiiuauuarsrde Wesnmuannsovesssuuidouseildu

1.2 @3y Distributed simulation fiuiluni1svianuduuuy Global A
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2. Processors 3avuagusyanananunun gy
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2.1 dwmiu Parallel simulation finuigussananaiduuuy Homogenous 7
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4. g@runsaNnurunlgdauuy Platform v89 0S Auansaduld vilwdaauazain
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\issanliseaiheyaudsuuvasguuuuves Platform Tmitielfannsavhausumils
s =l d" o v AJ o 1
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2.8 Java programming
2.8.1 UszdRanm

A1 (Java programming language) iWumwlusunsudeing Waulasioud
neads uazimnsauduq 9 $u lulasdawdiud awremigniautulud we. 2534 (a.e.
1991) Taeifudrunileves Tasan13n3u (the Green Project) uazdiianangasisnslud
.. 2538 (.. 1995) Fanmwnifigaussasdiilelfununten Co+ TnegUuuuiliuiudy
AEERUNBBUIRNATING (Objective-C) uaidnwiiiiondt nawnl8n (Oak) Fanadon
suldnlndivinaures wud noads wiiniitguivnsdednd Saddeulldde a1 dudude
AUWLYY

mwagnimutulneuien Sulalasdauiug (Sun Microsystems Inc) iuniw
dmiuideulusunsunvnis fdnvazatvayunisdoulusunsudelng (QOP : Object-
Oriented Programming) 7y Tusunsusmag gnasnanielu Class TUSLLnimmhﬁv’ugﬂ
138091 Method %38 Behavior lagundavisenusavaaiaining InsusasngiingAnssu
wnang Wsunsufiauysaisginannanetng wienasaarautsuiu Tnsudazaanaqyil

Method w3anginssuuanaiuly

2.8.2 AIMANYVBINITHAININIEININ
1ldnmwlusunsanideing
2 hitufuuwansadu (@ailnenssy uay seuudfiRng)
3ngiunisldlussuuiaiedne wisuiilausidaduayy

4.5unlguansyeylnalasdisiasnny
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2.8.3 29AUIZNUYDIII

mMwiidudsznaundn 3 dau dagu 2.46 Fausavdniinuddghe

=
JUN 2.46 29AUsENAUNTIENIN

2.8.3.1 Java virtual machine (JVM)

aﬂ! 1 : AII' = = L = L3
fi| Software program Fa.ludulsznauniiseglu JRE Fuiiniindrassneufiames

& s, :‘l’ d o L) = 3 <~ ; o
vadlay (Virtual machine) VUVULATDIABUWIAD IV VBT ABUWILADILAUDUUIEN
v ok v - -l @ a '
milunisudaludlén (Bytecode) luilumwuaissimunzanduunanvasuadag veus

d‘ s c’i’ o | A [ a [ 1% a s ar = a 2
azLATes nannsivinlv java LunwnaiunsavinnulinnssuuyfoRnisaanuifnEudiu

“Write Once Run Anywhere”

2.8.3.2 Java runtime environment (JRE)

) o
WuweluladomitldlunssuTusunsun1wnann #egsausin Class uay Interface

i do g ' LA
#1499 NIndusionisldauveslusunsunwan

2.8.3.3 Java 2 software developer kit (J2SDK)
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paulnalaes (Java compiler) nadnseanunaziduludlin (Java byte code *.class) §nwaiy
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ildmannsofuliynunanesuiifiadianiesfuusdu deludldngndsluliiaesin
wudu luneitwusduasiisiulaniwi(Java interpreter) Feazuvaannludlanlmdu

d H Ve ! ar A
AMWATEN (Assembly) wardalidgigusviianasiely dsgui 2.47

r--_---_- G - --——|
ava Virtual Machine i
} |
: |
, |
: |
: :
, |

M AT G TS TS RO T TTTE o TTTS M e s e --_-l

< ¥ 3
E‘UVI 2.47 YUNBUNITNINUVINTEITN

2.8.5 Java Platform

Java Platform fifie Platform vi§eaniwwindouilélunissulusunsuann TUsunsy
91719¢¥1191UUU Java Platform i Java platform avUszneuludeaesetna fie Java
virtual machine (JVM) uag Runtime library TWsunsuamiswlgutuassinauuy
Platform lafl&iiil Java Platform ey Fausendululasdaiivdlaimue Platform veq
Java 2 10113 3 sUnuugaguil 2.48 leun

1. Java 2 PlatForm, Standard Edition (J2SE)

2. Java 2 PlatForm, Enterpriise Edition (J2EE)

3. Java 2 PlatForm, Micro Edition (J2ME)
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Java 2 Micro Edition (J2ME)

5Uil 2.48 Java Platform

2.8.6 FRENYANAUITUSHASUNTBIRIN
Netbeans version 7.01 ¥84US¥M Sun Microsystems (http://www.netbeans.org)
Eclipse version 3.7 484Ut IBM (http://eclipse.org)
JBuilder version 2008 R2 484U Borland (http://www.borland.com/jbuilder)

JDeveloper version 11g ¥84U8 Oracle (http://www.oracle.com)
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Y] ) = 2 a o a [y
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Viules hitp://www.netbeans.org da3Uft 2.49 way 2.50 ilumiivedeusu way User
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NetBeans Dk 7.0.1

5Uf 2.49 NetBeans IDE startup
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NetBeansDE

. Learn & Discover . My NetBeans
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Recent Projects Install Plugins
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prof installing plugins from the NetBeans Update Center.
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& Show On Startup
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BTasks [ Output
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3.3 swazdsanseanuuudiufadadldau (User Interface)
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3.3.7 RUIGIARINAANS (Output Display)
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Fulu Terminal
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finspector ﬁpro}ects flSenvices @ Navigator

&5 Project Explorer 33
Bg v
¥ S LTE
» & Binaries
» 3l Includes
* @ Debug

L =% 114 -

{
|
|
|

o - : SimpleScenario.h 52 !
| /* -*- Mode:C++; c-file-style:*gnu”; indent-tabs-mode:nil; -*- */

WiBr0o-q-i®my

/* Copyright (c) 2010,2011,2012,2013 TELEMATICS LAB, Politecnico di Bari */

#include
#include
#include
#include
#include
#include
#include
#include

static vo

. ./channel/LteChannel.h”
../core/spectrum/bandwidth-manager.h"
../networkTopology/Cell.h*

. ./corefeventScheduler/simulator.h*
../flows/application/InfiniteBuffer.h"
. ./flows/QoS/QoSParameters.h"

.. /componentManagers/FrameManager.h"

. . /componentManagers/FlowsManager.h"

id SimpleScenario()

Simulator *simulator = Simulator::Init();

FrameManager *fr ger = Fr. ger::Init();
NetworkManager® networ ger = Networ ger::Init();
FlowsManager* f1 ger = F1 ger::Init ();

LteChannel *dlCh = new LteChannel ();
LteChannel *ulCh = mew LteChannel ();
BandwidthManager* spectrum = new BandwidthManager (5, 5, @, 9);

// CREATE CELL

int idcell = 8;

int radius = 1; //km

int minDistance = 9.8635; //kn
int posX = 8;

int posY = 0;

Cell* cell = networkManager->CreateCell (idCell, radius, minDistance, posX, posY);

i ¥ ] a da R
JUT 4.2 midnsandwrsuaanddumUaluganduas Eclipse
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[<defavltconf.. [~ F & b Eb- @'

=] Output_t}ragh.javg K:E: AutoMultiCellWithinterGraph java x| AutoSingleCellGraph java x| AutoSingleCelljava %

souce (Peion] M @ EAZFE M

2 &

- §

single Macrocell

No. of User Equipment (UE) f1 |

RadiusofCell - [1 | km
Frame Structure  |Frequency Domain Divislon(FDD) | »
Simulation Time 500 seconds

Simulation Round |5 rounds

Connection of Application

VoP |1 | to |10 | connections

Constance Bit Rate(CBR) |1 to |10 connections
|

Video |1 to [10 connections

VideoBitRate [128 | v kbps

< ' Y
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yodsawat@ubuntu: ~/Dropbox/ProjectBackup/Project2_2/lte-sim-rs

ubuntu:~/Dropbox/ProjectBackup/Project2 2/1te-sim-r5s ||
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[ trace0_0.out % |
TX VIDEO ID 17 B 10 SIZE 198 SRC -1 DST 5 T 0.66 0O
TX CBR ID 18 B 11 SIZE 10 SRC -1 DST 5 T 0.66 0

TX VOIP ID 19 B 9 SIZE 32 SRC -1 DST 5 T 0.66 0

RX VOIP ID 19 B 9 SIZE 32 SRC -1 DST 5 D 0.0081 0

RX VIDEO ID 17 B 10 SIZE 198 SRC -1 DST 5 D 0.001 @
RX CBR ID 18 B 11 SIZE 5 SRC -1 DST 5 D 0.001 ©

TX VOIP ID 20 B 9 SIZE 32 SRC -1 DST 5 T 0.68 0

IRX VOIP ID 20 B 9 SIZE 32 SRC -1 DST 5 D 0.601 @

TX VIDEO ID 21 B 10 SIZE 474 SRC -1 DST 5 T 0.7 ©
TX CBR ID 22 B 11 SIZE 10 SRC -1 DST §
TX VOIP ID 23 B 9 SIZE 32 SRC -1 DST 5
|TX VOIP ID 24 B 9 SIZE 32 SRC -1 DST 5
[RX VOIP ID 23 B 9 SIZE 32 SRC -1 DST 5
{Rx VIDEO ID 21 B 16 SIZE 474 SRC -1 DST 5 D

- N
oooo

= ) o ad w o a
5UN 4.7 uanslwdnaansnasniasiuvenduasueaiiddunvudafivad

A € s [} An‘; as o« 3 Y e 3
Jun 4.7 uanslnanaans (Trace file) ndsnidssurendwsuarssunuviafwas
- \ o & a v v pe | w v 2 & (Y g
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v& o | o [ a a o ' Py [ ar )
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YuRUNADY (Network Environment Setting) nMsLdananIUNTaINISIaes Ui

.
=1

dazuansaniunisainissaesionun 4 daaruniseisiassuiaduasssenvldud wuiea
e (Single Macrocell) Fauvseaniiudnassaniunisalile Sinele Macrocell waz Single
Macrocell with Femtocell wazhuuvaieiwa (Multiple Macrocell) witeanilludnaas
anun13alfie Multiple Macrocell with Interference wag Multiple macrocell without

Interferrence
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!FrgquencyDoma‘n EMsoon(FDD) -

Simulation Time |‘_°°T—\’ seconds

sinulationfound |5 | rounds
Connection of Application
voP [1 | to [10 | connections
ConstanceBitRate(CBR) |1 | to [10__| connections
wdeo 1 to ]‘H_—} connections

VideoBltRate [128 | + | kbps

o & | \ i J
3U 4.11 YumaunaIu Simulation Setting
I Aa 4 \ ) A W) g v - v e
Tunewnd (Simulation Setting) Masarnsm dullaglviglinudannsWuadnwsi

v a o v 2 P [y -~ It - "
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Perf Metrics Sel.

] Throughput
f_\de
[ Loss

1 Packet Loss Rate (PLR)

31Jﬁ 4,12 #uﬁauﬁﬁ Simulation Setting

P ¢ cw & a 1% v & v v € o ¢
WegendwsTuaiaTeuTosudnzlumbhsinaninsmuasnsaneg lnenadnsuen
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(Performance Evaluation based on Connections) #ausazdlufazuandnasidiude
UsgAnSnmeeeiaseuu (System Performance) wazUseansnmvaiusasuonnaindu

(Performance for each Application) ﬁ'@gﬂﬁ 4.13

|Performnce Evaluation based on Speed| Pesformance Evaluationb Connections
System Performance Performance for each Application

Throughput{Mbps)

120 [
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SimulationRound (5| rounds [
Connection of Application
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