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ABSTRACT

Satellite links are characterized large delay and high bandwidth for transmission thus,
they significantly affect the overall performance of the network which establishes both satellite
and terrestrial connectivity. This cannot be seen obviously when there is only one type of media in
the system.

This thesis studies an approach to combine the capabilities of satellite and terrestrial
network. Its concept involves combining a medium-capacity satellite network with a relatively
thin-line, low-to-medium capacity terrestrial network. This study focuses on the network model in
which the satellite channel is used as a multiple access scheme using contention-based reservation
protocol. This scheme has been determined earlier but we present herein a new model which
employs a simple flow diagram to represent system behavior at the equilibrium point such that
small dimension of problem can be attained.

To utilize small earth station or VSAT as the access node in the integrated system, ones
must concern current state of the satellite access channel connected by those VSATs. This thesis
has studied and analyzed the optimum point of its state that is apt to operate the VSATs in the
integrated system.

The utilization of the integrated network can be designed and optimized by two major
issues : Traffic assignment and Routing procedure. Based on the well-known algorithms of

these issues, this research develops an algorithm in particular, which are essential to designing of

ol



iterative numerical procedure. The method for performance evaluation and analyzation of the
network models with and without satellite links can be principally achived by comparing the result
of mathematic model and programming simulation which has been written based on event-based
simulation concept and to follow the sequence of events constructed on the basis of actual

process. This method is presented and the results on the system capability are compared.
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(3.6)
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¥ ] v
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Futu Amgun laomdsveusudesdmivmseedlunsazlsuszimny W, p,,, w

2. MIIANZHMUHINIADelay : D)
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D, =15+2R+2T, (3.10)
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212 msaensasaRamssusuuwanNAvoIanIiiou

D, =15+2R+2T, . + E[rI(D,) (3.11)

a1 E[r] luerumsiiG.in) FudnundiTaomavyesnmsdadn delswiiy 1-¢/4
[TriT.Ha 1990:365367] lagh ¢ Whunmminzdufisedumanalddida(p,) uaz ¢ du
mm1m:5]uﬁ%xdauwmﬂmq‘?ﬁu‘%mﬁﬁvP,,pm VSAT fiegluannzuvadendeninnisds
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1 4 ¥
(Exponential Process) fatiuimaunsweamsdaldasafiumsudoves Ta gt lden

m= 2 k(pu)(1-p) ' = (3.12)
k=1 pnx
v ld
L L
D, —Z+2R+2T””°+mz (3.13)
2.2. 1ile VSAT funanalviindaluvazidesdygranafievegluanziia
N15909 '

v
22.1 prsaenswsnduse

_(-AL AL
= 2R 42T, (3.14)

222 ﬂ'lifNﬂNLliﬂLﬂﬂﬂ'l'i‘lfuﬂ‘mmﬂlﬂﬁﬂ.lﬁ)ﬂﬁﬂ'l fiou

(1 A)L A
= > 2 2R+2Tpm+E[r]D, (3.15)

$1urvesimse VSAT fgnaanissesszyiimsdalmilumsudesdmiunisses

Tumsudalyl §aiu Amvnar laomasvoss syt
DI = lr(DS)+(l—lr)[(psumD5)+((1—psum)*(D5 +(1—A)L))] . (316)
Taohi

D, = exp(-G,)[4D, + (1= A) D]+ (1—exp(-G)[4D, + (1~ A)D,]
(3.17)
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q,: o 1 - a d?l [} b < a
avads nuhdminnaiRety liannsounudlsgluuumsaszaenuy onTilnudea
E 4 Y 1 .
(Exponential Distribution) Fefiioennsnnuunanafifaluflsztlumaduiiiotninamiig
N I AIINTTUUATIT BY fl¥nsnszaeveurarlunis i us as(Service Time
. . . v v o wa "o 9y o ot a d? 1 A
Distribution) ltiaenndesfiugaauiifvesms hifsidesturesdoungmisainnarnaoiies
fiu(Markovian Property)[Hisashi 1978:82] TywpefvuiumsveImsudunazan1tiinime
andoafvgaiauiiAding1y 9inlassadhedsfindrnnasandeafiu uaauuy M/G/I(Hisashi
1978:191-195] sndulunsdivesdnuumanafindsluvaiziiuna inalaqirdaldsunims
¥ 0 ] ¥y
Falaona 1 Tueanuy M/G/I sximss nra e manuavesms IfuSms  shldm

11 o IS

+ ¥ ' .
mihnaidatumeluaoilfiannanuiuesulounainaidudigyesdyanamaiion
N v 3 [] 9 )
Aanssuninnimienss lauised Idvimsfiuanmibaiifaduiisannumwain
anogludafiuaunae uaznfFeudfisunadi ldfumssianinsiavesssuudie T sunsy

a iAo n’: o = a
ﬂﬂll‘w’JWI'E]TVI‘i]']ﬁﬂﬂ‘lluﬂﬂuﬂ'li‘l’l'lﬂ”luﬂ'mﬁﬂ’l’wwL‘ﬂl&%i\‘i

gunslunadIHIURIHIMAHM e

Taafldssuufuuy MG/ amwnsaminmssiiuls ldased’ S3usadlumsuai
aan(State)voans Ifusmseendunaisqman uRazaanazeiouiuiiudaszaeiuuas

a A o ] o ad % a 4
Waumssnludsalunssna daudndinilde ldmsinsanmsn/dsuanuzves

o,

suulunAaz%I9981(The Imbedded Markov Chain Technique) dmdSEmiunRnsauas
il luumiduTiuuiiaes 'cmnimrcmemiﬁmamiﬂaazﬁﬂﬂ"ﬁ'ﬁ'ﬁf

Swuald $rmautaiuadencsion ARnnamfuguReiuluumiioy udaz
ARz Iz RasmbmneufivonanszuL Lﬁaqmﬂmmqﬁwia"lﬂﬁ

- misnaniissnnunaina Tunguidodfu(x,) fundedvesaniinounth

UNANANATAIADIT

v
o

- amhanauiiesmnuwanafitiegiuf fouRunmnail xdhiuuims

- fmianaiieasnns Tsiwa(Process) Turosdayanmainiion

- AIMINATIRAINMITUNANABBATINTZ UL

2% N, fusnnuvesumanaiinuegluszuy wdwnfumainaft k 185ums
yimsnweadedu uaz X, Husnuwemanainndluvasiunanaii K fdaldiuns

wSms TaeR X, X,,X,... iiludaszdefu(independent) taziimsnsznionuniediu uen
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td
il awlassanvesdduns S msuuunuEIRU(First Come First Serve) 1R X,
Judaszie N,,N,,N,..N,, uilSmwes N, uazX, hilsdunlsidudaszdodiu

9
uarad ldenuaunisaail

-4 % it N, =0
N, +X,-1if N, >0

A 1 a Yo a -1 Py

dlo N,_, =0 mnsamiumanad £ WSumsuSmsnueiedu uazesnnnszuylilTag
hiflunainamiesyluszuusnnnunanalmifindaluvuziunanadl x Sudhivuias
Gefmualdidusnumds vidy X, uaziie N, >0 wuhneufiunainadl K Gudhiy
a =Y 1 a o & a 9o = =1 Ay =~
vimsSunanaeglufddmou N, , uasdiounamnail X 1ASumsuimasuaiidussiiunn

Q' AQ?’ L= o c; v oo
ina WuTudn Wusnnumdeminy X,

o 9
frualn

U(x) =

¥
saaunsHereutidefiues 14
Ny =N, -UWNN, )+ X, 4.1)

fmuald p duemninzduiisenuimou N, uanalussuy ndnfuwanad £ 14
o a (] Q" U o ' .y . .
sumsusms%ums%’cmuazﬂ1nﬁaﬁwﬂ114uﬂmmummﬂu(Probabxhty Generating Function)

51wz ld

P@z)=D.p,2"

n=0

ansaadileansuiimuananinnifi(Probability Generating Function) 31nauMs# (4.1)

14 anaums



35

_ Po-(z—1). A(z)
T z—A(2)

Py (2) 4.2)

- Jo o 1 aw 4 t
Taoft A(z) Wuildusmuanmningdluves X, (uuniseiiezfinm X, Tugtlvesrn
o o as a o = 1 [
pa@demdinsumaunnnaailiduniddmoridaremeihuauiouveunasunna

[ ' ! +

(e Frnmsanaiiuamasi ldnnaiminnaine lusesdyauarune)

vinaumsnud N, dnsaldsundasiudnyazves gnlaunsaeW(Marcov Chain)

] (4 .
wazdinaunsSuduvoamsinisanssuufa wy o1 TuaniSeii g TasserdaEudu
= L d' 1 ) o d' a as é d‘
Foatusinaumsi@.]) uhzusaRnsaninoumas X, dudndnyuswile esninluaa
] ' 1 4
fruramnafunanalaqegluszuui lunumsirouvesssyuanafiontusgivanue
y k] 14 9

gpsszuvaienluvasin Ml liaunse 1 unumanaidaruiamualuganams
IWWusmsdmSumsinsandwulaemdsveunanauazamiaanina luaaiiiang
wenluvazlan1d

dieldnaeutian x, dudaszee N,,N,,N,..N,, Tunnqmgmsel uazfmua

A 9 ag Y P 9 a a d?' a P o @ Yo
awnssudulagauadlfunanaisdosmsinsaniatiuluvasiunamnadn x Mdaldsy
A15USMS Fvasiunanai K MaeldsumsuSms wuihiluwanasnaunileeg sz

o o 1 9 - =) L - o 9 o 9
wnanadmausinanlszaeu lidrsunanagafimiosgnouiiunamen K winiumsiu

v ] 1)

uSmsene linuuwanaswauihuazunanaima ldsumsusns unumemseinfiuna

e Sty 7, sgluszuuvazfiunainafi K eonainssuudisauns
Wy =Ny —U(N,,) (4.3)

aZeflenduimuannuiiesduninaunsi @.3) 14

‘PW (Z) = pO + anz"‘l

n-1
= Po +Z—1(PN(Z)_P0) (4.4)

Tagh
p, : amninzdiuiunaina lmifindeeznui hilunainadueglufvienanla

NS ms WildTsms Sdwidy PN, =0]=1-P[N,, > 0]
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Tunsdifignsantanaiudazunamnaldsumsuing Sasnsldavesszuy
o . 4 e 4
(Utilization factor: 0) 9¢M1NY Ax [Leonard Klienrock 1975:18-19] Famiud i lasmde
d' =2 [V ¥ d‘ ] ] Y a Y &' S
ypumanaTinwasdnseglussuuindazdranaweansusme(y,)  Aniuagllah
1-P[N,,>0]=1-p=1-u,.
) L) o 3 <3 =1 [ o I3 $
dwiudnimgmasinilaaiSouioufunmsivsaunainasoumilimndaluyee
~ - o o o/ a a oSt o & 3
funaned & sadldsumsusmndiumsinssnmgmseiifiunanadiuauniianteneu
- { o ° :/‘ - ' 3 I~
wihfunanaiifruaszindessuunadnouuwanaimuaiundalugawramigion
L4 (] ] v
Tunsalil Srauudlfunanafismuadudumnisi a+7 Tunguusaunana@edaiulx,) fimn
=1 [] = - Y u’: v 9 9/ oo ]
falugaminaden aniunanan X, dedidmnnnind

W PLX, =d+1]= P[X,] maunsaunumgmssinunananimuadiiuns

usmssuuwanai d+1, d+2, d+3.... arsmanuinziuniinsnsgnominy

1—(P[Xo]+ PlX, 1+ P[X2]+...+P[Xd])

P[X,]= P[X > 0] @4.5)
d
1- 2, PLX,]
P(Xy) =" (4.6)

n

MNAUMITAE.4) 18z (4.6) ﬁ1"[{31'111maﬁfugm“lumsﬁmmﬁwmuiﬂﬂm?iwaauWﬂ
1nA ‘?i'ag:‘luﬁ';n'auéﬁmmuwmnﬂﬁﬁmuﬂiummz‘lmmzwﬁa driinsanaavents v
LEM5(Service Time) duvaaiiilfmnaaiiuaifionfiilnseaiuuasdosmuanugy
wuudt iguaasuuniiany wuhA e IR us ATz INAmANIEaIa A
(e sangmdwnugesdyaum oy ldd s amsinsanmainuvesszyy wiotuney
n1s'1Jﬁﬁﬁﬂ15(Process)ﬁmmﬂmﬂ1ﬂq%sagimﬂ'luiﬂﬂﬂﬂaaszﬁuﬁmu(Network layer) uAng
unsinafignassuanifedinauiiudaszderi fudtedudesdnmilsvesdoyaiides
sumlseneudhdasiuuu Tils Taneaseduia(Transport Layen)

ﬁmuﬂ‘lﬁ’mmmuﬁmﬂuﬁﬁaﬂ(SIot)ﬁ:ﬁwmwhﬁ'uﬁwﬁu"luwﬁmn UADTHUNALNA
123un1susnsiludauaioalasmasuanaafunuaniazuedssuuaniiion 18 mau
aSeadmiunsEumannantiidum hifaarfidaemehuaifioniiiy s adea una
e w2 i8sumsusasdiudnouadenlasmdoity rs AsSiNUTIs IS U IIAaE

unanaluglvessaz ns sndrediusumanafiindeszuuluvazfiunainail K Maaldsy
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« ¥
IS4

a ° Y I @ o o 1 o
ASUSAS SIS MANWIRD 4 unana szfusauadsa lagsauning 4 uwanaunda Ify
4*nS (oanuazadnlumsdinns fvuald ns=s Tagh n dluaunden ldanairuang,
d' = 1 s o~ aa J Yq 9 wad‘ 9 o ©
e luseesdygruane) TuunIvillaldquamianasanaoafumssulanas WYea
FulsFeduiid udaszasduluduvesnsd ud imanTauvuiiteulv(Conditional
Expectation and Prediction : Sum of Random Number of Random variable)[Jack R. Benjamin, C.

Allin Cornell 1981: 175-180] 10511 Ingdeldnaii

aq 9 td ¢ Ao a [ a 1
ﬂllimllﬂ R Lﬂuwaﬂwmmqmsm r IMeNITN AHsUuuvReINU Lﬂuﬂﬁizﬂﬂﬂu

9

(Independent Random Variable) taglA1nas 1agsmswny

R=ry+n +r, +r+..41,
n

=) @“.7)

i
i=0

cref0,1,2,3,.}

$1e n godmualdidiusmniivihiy 1 uasnnguauiivesduadeEhmaniuesdauls

Faqulag 510zldaunfouazainruulslsni(Variance)vea R Tugd

E[R/n=1]= E[ir,]

i=0

= iE[r,.] =[E[r] (4.8)

i=0

Has
Var[R/n=1]= E[R*]- E*[R]
! !
= BICn)1- B[]

i=0

= E[Q.r)*1-IE[r] “.9)

i=0

dofinrsane Var[R / n = 1] wannseldaamunifuesmnimuudslsu tuaaslugy

Var[R/n=1]= Var[ir,]

i=0
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{
= Varlr,]= Warlr] (4.10)

i=1

519214

E[(ir,f] = War[r]+ (E[r])’ 4.11)

Y a 9/ 1 o A g et
Q181 7 AAN 131909MSAT Var[r] uas E[r] v8d Tumssiuraunniu Tunsdina »

[~ o a 1A w § o a
TaumsiludnlsFqudndmilsimideamsivisan azld

E[R/ N =n]= E[R] = E[n.(E[r])]

= E[r). E[n] 4.12)
tas

Var[R | n]= E*[R]- E[R?] (4.13)
i1 E[R*] mldvnaunis

E[R*]= E[n.Var[rl+n*.E[r])]
= Var[r]. E[n]+ E[r)*.E[n’}
= Var[r]. E[n]+ E*[r].Var[n]+ E*[r]. E*[n] (4.14)

U Var[R/ N = n] = Var[R] tasunusaumsii(4.12) uag (4.14) adluaumsi 4.13) w214
Var[R] = Var[r]. E[n]+ E*[r].Var(n] (4.15)
naumss @.7) fmuald r ues R SlsdFusmuanimninzdiuiiy G, (z) uns G,(2)

. ] E 4
awdisy Taedt v fusaunSodSinaves » mamisal Ainylumsnansdazass uaz

G, (2) = Gy (G,(2)) [Geoferey and Dominic : 51] ﬁﬁﬁﬁiﬂﬂdﬂqﬁﬁdﬁ

Gp(2) = EG"")
= Y E(z"**" | N =n)P(N =n)

n=0
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=36, @) P =n)

n=0

=G, (G,(2)) (4.16)

dloninsSsufeumsdnoanasuvesdunlsFguuuuiieu lviiiludaszde
Y (Conditional Expectation and Prediction : Sum of Raridom Number of Random variable) iy

maMsainmMAaTiaIsa 1519z 14

a o [l P 1 1
R = wanmmnmmﬂﬁu5ﬂ15(ﬂaaﬂ)xmasuwmﬂﬂm1ﬁﬂmmazmmawmmi
TWuSms

(A1U8INS IHUS M UAAZUNAINA(RATINTSUUAUNA)

~
il

narlasmasesinis IuSMsuAazuNAINg

u, =

N = $wuvewmanafidsinglufafinalag

u, = snnvesmanaTasmaofindusasafieanslduins
u, = Sunm(adon) lasmfvd iy R uwaing

= unur
Var[R] = manusdsmeessnuna@den)dmsyu R unaing
2
=y, Var[r]+ (u,)" .Var[n]
Hsgsusmuannuinztiuves R

= GN (Gr (Z))

Gr(2)

a1 Var[R), E[R] uaz G, (G.(2)) dhumsniimesfduiiudmiumsadioaums
Tunafivznandenel a1 Var[R] uaz E[R] awnsefnaldnnilidusdimuaniiil

221 uBnISNII[Chu and Alan : 1972]) TasWorsanauns

P(2)=2.p,2"

n=0

Tagf p, >0 uaz¥In1s Differentiate toufiy z 1214

dP(Z) . n-t
dZ - "Z(; np n° Z



P'(z) = E[n] ;z=1

uas

d’Pz) &, .
= E n .z -
dZ "=0 p n

P"(z) = E[n*]~ E[n] s z=I
Mldis 18 Var[x] Yudi oy

Var[x] = P" () + P'(1) - (P'(1))*

40

4.17)

(4.18)

(4.19)

finsan A(2) lwaunsfi@2)  Taef A(2) duilsddudmuannmbeniiuves X,

= (] o a °
Fusrinsan X, Tugvestrwmiadenveamsiduinamdedmua  iseunsoueas

A(z) WgtvesdulsiFaduuuiiten luitfigllmifie 4, (G,(2)) unuasluaunisi @.2)

Raumsimilugives G, (z)fie

(A-uu,)(z=1). 45 (G, (2))
z- A.’\’ (Gr (Z))

Py(z)=

UNUAUTT (4.20) asluzumsii @4)
Py, (z) = p, +z~l(l)1\‘ (2) = po)
dagilmiez &

(z=D.(-uu,)
2= 4,(G,(2))

By (2)=

(wennuazalIn lumsHnsazuny 4, (G,(2)) fu“A4”)

11015 Differentiate tNOUNL z

(4.20)

4.21)
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A-uu)[(z-A)-(z-D-4')]

T = 4.21.1
W(Z) (z— A)z ( )
& 3/ O 4! d' o 3 (!
WDLNU z=1 %zvlﬂ —0' "Nﬂ'lllﬂg‘llﬂd L Hopital NITHUANTT Differentiate HONNUABUATTIUIL
8
(I—u,u,).[1~ A'=1+z4"+A'-A"]
Ty(2)= - A1 -4 (4.21.2)
(-uu)[z4"+ 4]
T 2z-zA—A+ A 4) (4.213)
_ (1 — unur)'[A”]
= 0o AY) ;z=1 (4.21.4)
WIIIUINIINTEEVD X, VINAUMTT (4.6)
PLY 1= 1-(P[X,]+ P[X,]+ P[X,}+..+P[X,])
a3 P[X > 0]
d
1- > (Plx=k].P[l=r]
= —4=0 4.22)

U

n

Saauns ey lugilvesilandudmuaninuiteeidiu(Probability Generating Function) lugil

1 G, (2) Tﬂa‘h’fﬂmﬁnﬁﬁvm z-transform{Kleinrock 1975 : 330] ‘14

) (4.23)

11 46,
b= 6o 1-6.0

unu A, (G.(2)) #0“4 »uaz unu G, (2) 4210 “G> ldaun1sii@.23) lugiflni fie

1 1-4
Py(z)= ;—(T——G) (4.24)
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1¥5Emsmeafufumsudaunisi 4.21) sz ldaumsgaieno

1 A"G'-G"A'
Py(2)= ;*(—5(?;7')‘2“

n

) z=] (4.25)

- o o o [ 1
AUMSH (421.4) uag 4.25) Guaums luaadmivestlsznouvesdiminnm lugilves
. ] 1 4 [
Aersusmunanuiesdiy  dieshaumsniaeazanaivesnts IMusnsvewmnwanai

v L { [
faafiosansauii a2 ldnanndsnanuanunainalaq lasunsuiiezeonninssuy iy

e A"G A+A"G' (- A)-G"4(1-A)+2AG )Y 4(1-4")
- 2G'A'(1- A"
(4.26)

nnaumMIR@.19)swiugamnian llvesnsiuanasmvesiunl ideguuunil

don'ly 5192 8aun1sh (4.19) Tugd il uazAundovesdaunlsdananmniiy
Varli,r] = A"+ A'—(4')? s z=1 (4.27)
wr = U, 5251 (4.28)
unusermsie.27) adluaunsii@e) wld
G' A'(Var(n,r)) — G'(4) (1~ 4") + G (Var(n,r)) -G A'(Var(n,r)) - A'(Var(n,r))

+(A) (Var(nr)) - 4(G)? +(4)(G) +G'(4) -G 4'(4)
2= AGY A

2(1- ANG' A'
(4.29)

unuiaunsi(4.28) asluaunisne.29) w'lé
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(u,)? (u,)* Var(r) + (u, ) u Var(n) - (u,)* () + (@) (u,) +u,uVar(r)

(u,)*Var(n) — (u,)*(u,)*Var(r) - (u,)* u,Var(n) — u,u,Var(r) + (u,)* (u,)* Var(r)

—u, (1)’ + () (,) +(@,)* )" - () (u,) +2(u,) u, = 2(x,)* (4,)’
2(1-u, ,,)u"(u)

T=

y Y A
Taumsqaiieho

— 2 2 2
T = uu, (ur) (un) + urVar(n) + (u") Var(n) (4-30)
2(1 - urun)un

nnauns ausideaiiaunsamanldde var(n)

Rosan A(z) suduilanvuimuaanuinwaiiuves X, [Hisashi 1978 : 191-200] neld
3 . ' 14
feulvvesnnuihzdiuilimsnszareuuuiliges(Poisson Distribution) Tasi X, Iufiugas

na1weInsIiusms lugdvesaums

4@ =3 [ £ e

i=0 ¢

=j-** % £ (x)dx = A(A— Az)

0

& <) a a & o
Hafdu A4 — Az) Huaun1s TunaAuaaangAnssunsuissuuvenang  $ainnu
o Y o [ a
Fuuslaensetuna1veanis1FuSms  Leonard Kleinrock [Kleinrock : 1975] lduaaaniiu
Fuiutves Var[n] war A(z) luglvessunde uay arnnlsisivewnainisldusns
é { d'dy " o’/' 9/ §I Y a a 9 v MY a o 4
Fuzuaalasgeluifimmiu faulsannseduadunu@uldninmidedudadina

o 9
fmuald

dA(A=J2) _ dAG~%2), dAG=12),
z Sdain T &

dA(A-A2) _ _, dA(A- J2)

dz T d(A-Az) (“31)

Tuvaizimeny
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dA(A— 2)
d* A(A-Az) -2 d(A-z) )l
dz* a dz

d’A(A-2z)  , d’A(A-Az)

P =1 (m) 4.32)
fvsanaunsna i
d"A(ﬂ-/’lz) X X
iy =D R (433)

HazNAINTN (4.17) 1ag (4.18)

P'(z) = E[n] ;z=1 4.17)
P'"(z) = E[n*]- E[n] ;z=1 (4.18)

unuaunsh @.17) aaluaumsii @31) 14

E[A]=—-A.(-E[r)) (4.34)
unuaunsh .18) asluaunisdi 4.32) 14

E[A*]- E[4]= 2.E[r*] (4.35)

e u, = A E[x] uaz E[x*]=Var[n]+ E*[x] unusluaumsi @.35) 18

2 _ 2 Var(r]
E[A7]- E[A4]=(u,) .(1+————E2[r]) (4.36)

° Y 1 ' ° o = ' Y a
l¥eglugdusssinnuulssiuvesvesinnuunanaiintelugiwimveamsiuims

MINY
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E[A*]-E*[A4]= (u,,)z.(1+KE,q§%)+u,, —-(u,)’
Var[A] = Var[n] = (u,)*.(1+ Yg—:[i:—]]) +u, —(u,)’
TReaumsgamomiiy

=; L] yé d' o a ] =3
aumsn@4.37) sgnelaiteulidmua Tasmmzanuiiudassusaudazao1iiia
Convexity Property (s1amsaldfaumsii 4.37) dulueanuadameaaidmiumsiaes
4 - 9 ar = ] 9 o = I's =Y P=}
mgmselaeluaoiif Fdnananifior FagldiimsimnsiuesnlSoudisunans
an v A ey _ayn Y ° & a Y
naaof 1dvn Tumanuadiamaas sunai ldennissmsanamsal lns luaanasiann
Tsunsunouianoseas
¥

4' Y o Y o (] 1 - a 2
auns @37 aunseldiduaumslumadmivdiusimiaminayuly

aoifldnanandoyluszunInsehonuunay waadlasazidoaluunas

pamainaasy

a a o 4 Py
a1sasavaeurad ldnnTumanadiamans sz ldnsdasurgmissi lasTuiaad
adunnTisunsuneufiamesisuderfummanssluumian  msissuumgmssifiia
4 ' = {l - 4';'] a ‘@ Yy o Avlsl 3 =
Fuluusazaaril Aumsiinsuwaiidudaszaedumudedimuai luaas 1 luuniiaes
o 9 s a d? a t [ 3 A v o iA a dy
smualdimgmsaifmeiuiinas wiuasiunadeiloafuiumgmsiidaiuly

vy ¥ ]
Fosdanamaiioy  Nianumneveamsifusmsuaaiiilddnanarudion o

a

]
- ar ]

° 1 [ o a o o a -
na I dmsudariuunanauurssdyanaafionsudus smnsan lasazdoaluunh
an) ldudazunanaldinaegluraiianfownile shiunmwesmslfuSmesuiy

.:' 9 L) o= 1 d‘ 9 o o ¥ d‘ = q'
natfidesseaglufneuiiszdhiumsuimsunudisaumsh 437)  vinumugiiTilsunsui
o o 1 o = - a a PPN § o
Sravamamsailugesdagnanufion@ind 7 luuniiz)  mgmssiiBeduuuTii

° 9 adq v - ° a o = 1Y =
nmuﬂ“lm‘flu’dmuw'lﬂumiwmsm Tﬂﬂmsmammuazwmmsmnwawegafumaam
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dana I lunugi Tusunsu(Flowehar) daanaluamii 12 waitldainTusunsudii
Taseardnauuwugi(Tisunsy Simsat Tunanuan n) wetaaluatsned 2.1 - 2.4 Tumanuan
9.

FretrmsnSoudiounazSinszinaiil8n aumsii 4.37(Calculation) furaIN
TdsunsunouRns(Simulation) ReUfuN1TE(load) ﬁﬂ'whaq 4 i w=3, L=24, 4=0.5, R=6,
1=054, =05 'Wuaaslugvesnslluamii 13 uaz mmrulsilsaudoudunsziu
st 14 Taoliudazadeaniniy 0.035 Surifinnudvesdeadaanauniify 64 kbps a7
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agiwanminaaes
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dionnsaraiuaaslunsiuazaisnlumanuinwua sivianaesmeguy

[l o A g 1t d'd o 1 é [] as o 9 A

8619320131 ieszvuhgyaiilinise(Load) winfiunhfivuwiavessesdannaziuld wie

nadmisnilsfio namRalivinageninnuquessesdags lunsdlvesaunsiias? e

Ramgmssidana1n s ldifasynaradiusidaauues ligunsedmude lddededily

Ml 13 shgegaficunsadnna iddiudigaieezegh 0.07 unainadesudmiuns i
1819 Usenify 75 uaz 0.05 unamnaaemsudmiy nsAtd19windy 100

nnranisnaaesiidsingawinann wildewsoagdidan waitldennlusunsuuas
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auns lumadiaf lndResiulugnneuisufansTones Ivan  duiumelviaeanqeiy
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ar (Y L& 1 [] ] P} sl:; = '
uamelumsiannandaglszassdinanasilugneunse IndnezinianmsTenes Tnan

Wudmiuszuuiligld 75 510 gaeimunzaudie 0.02-0.05 unanadesy  Lag 0.01-0.04

unmnademsy dmsuszuuAndldvidy 100 10 dludu ardsnanzihllfdudeyaly

Y
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AN 12

Slot "0"

]

Input "Rate"

Define user "a” as a observe data

Generate packets from station "a®
within 20000 slots

Generate "a"

Generate
packet time

(i = overall users)

Gentime=slot | (i = overall users)

if count=0,

count>1

Time record
sent packets

in queue

send on
{_Aloha subframe

pstate=0

Collission
record

send after
backlog dela:

Yes
send on
Reserve subframe

pstate=0
record

Goto "Generate
packet time"

Slot "20000"

f pstate=0 ;

Compare generate

time and usage delay

occuring during
process

time stamp

HAA UHUNTIABINTTNNIUYBITE U



Average Delay

2NN 13

(%)

second
A
12 -
oo 0 Simulation o
10 7 o
Calculation
> ;
s 87
a
)
& 6
5
>
< 4 —
2 -
0 T T T T T T T T T T T T T T >
0.001 0.003  0.005 0.007 0.009 0.02 0.04 0.06 0.08
),a (packets/frame)
(M)
second
A
120
P - o Simulation
100 —
Calculation
80—
60
¢
40 "
20
0 2l T 7 f i f == T —>
0.001 0.003 0.005 0.007 0.009 0.02 0.04 0.06 0.08

A, (packets/frame)
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2 13 (AD)

second
A
14
s o . o Simulation
12
Calculation
10 1

Average Delay

0.001 0.003 0.005 0.007 0.009 0.02 0.04
A, (packets/frame)

(f)

second

{k
14
° o ..o Simulation

Calculation

Average Delay

0.001 0.003 0.005 0.007 0.009 0.02 0.04
A, (packets/frame)

)

s @ a & et @ a
waae msufSsumeunaninauns lueanu 1UsunsunsunaosNeUNUN1TZ(load) NiMM

@199 Y 1azNI1UIU user (N) N=50 () N=75 (A1) N= 100 (?) N=125



Variance

Variance

AT 14
(second)’
A
4
o-oo-0 125 Users
357  as04 100 Users
3 88 75 Users
+4¢-+¢ 50 Users
2.57
2_.
1.5
1.—.._
0.5
0 i B =
0.005 0.006 0.007 0.008 0.009 0.01 0.02 0.03
A, (packets/frame)
(m
(second)2
A
50007 o000 125 Users
St 100 Users
4000 w88 75 Users
*++¢+¢ 50 Users
3000
2000
1000
0 0y T T —>
0.04 0.05 0.06 0.07 0.08 0.09 0.1
A, (packets/frame)
C1)]
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strumsnariuilegiiudmiumsesnuvu Tassonniiugu whmaRuRtazlseynd

Weaunsafissanlassouuunaunolddemmuai 1ddmua 13 luuniaes

msmmuadumedaudoya
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-
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9/ td‘o’l’ = ﬂ as A A 9 @ o
msvduniei §uiiqa(Shortest Path Method)  (Hn3Emsnilshaeandesiudagise

¢ o J [] @ =4 o a4 3
q9f Sananuazautsauteen lalunaieanyausgns : 2539] laslddermuaiiuandis

14
Qs =i a/ aé
1 luunilez1¥dano5Hiuvos Dijkstra (Dijkstra’s Algorithm)[Dimitri and Robert 1992 :

] « ¥ ]
401-4031 3 win3 vaflod miumanudumen duiiqalullsunsudmivumsosnuuunas

= r's ] o ad o 1 ¢ . .
’J!ﬂi'lzﬂlﬂ?ﬂﬂﬂﬂllﬂﬂﬂﬂﬂ Tl'lﬂﬂ'ﬁﬂﬂiﬂﬂﬂ\iﬂa'nﬁ'llniﬂﬁ%l'lql{luiﬂﬂlﬂiuuaﬂ dl_]kst(mt n) 114

Tsunsundn MG_C (ueadlumanuan a.)

AR IMIAMNYaM

< S a s o oy Yo &
NAUNNABIUDSUNNY mmsnﬁ;ﬂTmﬂamaﬂmmmﬁm‘ni)zmm'“l‘xf"lﬂmu

] ] 4
5.2.1 At TasmAsiunanaduniseyluamiimadudunelulaseie

s _/
T‘ZA{C.—f,}

Tauh
Ri
f=
C, = Sasus1uparosdayeial (bits/sec)

LY

R, = dan Tnumavvoaunananiusosdaano i (packetsisec)
= $mvestinluudazunaing

u
¥ []
A =dasveminiilananouenimuanidng laseig

fnsanuua Tuvesnsuldsulassuian luudazaariilden

12_1(__9___) 123
df—/l. (C,-—f,)z 1=1,42,0,...,1
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5.2.2 Amtaana Taomdsfiunanaiuniseg luaeiifi lddnanaaiounielu

Tasee

u  (w) +u,Varlr].(+u,)
T'=—+
2 2.u,.(1-uu,)

(5.37)

r = NA1UeINs WUSMsUARZINANARADINTSULATTEN)

u, = nalaemasvesms WuSmsudazunann

u,= $maeumaina laomdoindeluusarafwesmstusans

Var[R] = manulsismvessmaunai@den)dnsy R uname
= u, .Var[r]+(u,)’ Var[n]

a &Y [ o 4 a I's
Tunanengiamansgananvzimnifthunsesiiolumsinsevuazeenuuy lnse

10 32ufUIEnsmuduMeiAnga(Shortest Path Method) 18 11/

TnssaauasninmsinsanfBinamsilamalulasebeanvunay

a5 suazimuadTinamsd s uyesdoyanTeunang ¥msindoude
Ysinadoyaswaudng ldudumaedaeg weidlumsnsznsanuuesavesSinadeya
Tasmmzlugaiiniddnmadiunadion uazld3smenudumsiiafiqa(Shortest Path
Method)arradumasfiaeandessy wmnﬁdwhwm%'ay‘anﬂﬂ%y'q naanARMInaeY
é’hﬂﬂ?mmmm‘i’fauuaﬂuﬁm5'mﬁaugﬂunuﬂmﬁwaaﬁmﬂ’Nnamﬂﬂ%ﬁﬁmmﬂgauﬂw
woidlumsAnsaniudiullufiemsla ﬂszmumsﬁ’aﬂdnwﬁ1c§lwuﬂimz"l¢’{ﬁw§1qﬂ el

A 1 o Y ' ° v o ALY o
fiesningesdaanumauioniioguTasswonuunaugnimualdidiuaniinlsvosdaygo
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AMuYBITeIFyReINIe Link Speed Aoeiiilsfanansznufiideszuumuiionlassay Tu
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w3 MBueasliifiude anuuanduszrinnugrestesdyanadunams Iuims
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= (] a u’/’ Y ; 9 o a o [T [
L'J'ﬁTVIﬂgclUﬂ'J)i'nJ‘ﬂ\‘INaﬂiz‘Vlﬂﬂﬂﬂﬂﬂu llﬁzﬁluﬂﬂuvlﬂ'ﬂ'lﬂ'ﬁ']mi'\3”1@31‘5?’!')'\”?“08\1‘580
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Fuanumaufiouhfusanmandwewmanaiianzdsndoudigyalenes nan) i1

arpdsnanezgaimualdiilu Sasfiqgavesmamnisvsumann Aamiiarauiioy
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am5asessuld fmualdidy 0.03, 004 uaz 0.05 unanAABINIY fswufldves
Fayanaaufion 75 uaz 100 s1e@EImms UMy 1.366, 2.713 uag 2.1945 i
Sy dm3udld 75 51 uoz 18913, 2.59 uax 3.4437 Tundl awdndu dmudld 100 )
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1) fIMUARIMITTINDTYDAADY Link (5U Swuaoil Fune Aumanazdae
o o a 1 ° A ' 1
19 SasEunzsiinvefaz Link tasfiuiauud THuven1swuesnmuig
a(Cost) lunwazdunaluvasids lifinsmAaluyaq duma
2) fmuas s Aandesmsdmduluudazidumandmua
3) fnamdumaianiaa Taold cost vewdazdumedsnaraduieulyluns
=Y 4:{ =3 .3 ] 9} A o LY
f915a tazasnaeuni e v lutsasiaumaiodinswny
4) fMvua(eruua) Link Speed youwazyesdyanaldmuzauiudaimainaves
{oya Taumwie Link Speed (Aawgvesresdyana)vesamiiignimualilad
nANEANYY
1 4
5) fnsminmveszuuianue lagldaums lueasurtiavesdinaiuay
=1 o ' = ~ [
wudluamSeuiousdely
£ v J
(FuFUNISIUTY
6) faann Tuvesmsiiuvesaminal(Cos) Tuuaazdums
° Y Aad o w1 ' Y ' % Ay
7) fnamiduniaigadimivaimuaaiat lagls Cost ypaumaztdunan lden
i o 4 o 4 1 v 4 o o
Sunouf 6 wazasvasunsHAan ety luudazidumawei NNy
8) ndeuiudeynueduveadums ifidmiznmaidini ldudumaitian
MUIANGIND
9) fMuA(aruyR) Link Speed n30 AMWYTOIFy A vowdnzseadayauln
Minzery fusasinmsfaveanamnanl nyluuaag Link
4
10) AR IMLnaIveITTYUTIvyatashimsnfSsumsuiuamitwauay
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10.1) e lnaidawinahiamianaum Waunduldvide 6) 8a
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f54
10.2) smhanar inifianiesniminsnaum Tastesniududauiieg

neueng e siulv(Confident Interval) 1aundy 11lhndo 6)
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a o
INAT
] [ sy Y v ] 1 9 [ ﬂ o a
10.3) srmiasna Insdanfesndmitaaaum lagtisonau udmudieglu
$29989810213571 18(Confident Interval) ttaraan ldamiasaalay
m?mﬁéimﬂfum5:uumuﬁ€x’mms : (Previous delay - Current delay >

err)

o Qs A 9 9 ] 9/ et v A a‘ 1 o 9/
smiumanaeuiedeyaridvsudumaifimmirwaaiidng Tlduduma
et [] ~ v 9 3 o 9 ac ac é P ° [ 18] -
Asmirmnarfigandilude 8) wu susai ldnawds Enildinhidheuazazainfiens
' Ao A LY ' o LY e d o w A 1w
wsfidigavesgaaugaiiegladtiy dewfivzfoyaliunugailimquiludiduiaes(@ma
Al lmsdeuudhdyadiqadonichl) wazSunszuumslmisuniiesldga
. ' b4
drgafiogsznI19croagaiuAaron 1993 : 263-264] Tasserdssnanuaasiuglvesusunsy
oy void adjf() lulusunsuman MG_C
o ad ° a 9 v . =
1nsanesnuveansimualTnums navesdeyauas Tusunsuges(Function) 7
na1aegena1n asoadiaiuldsunsudmSunseenuunIasaiouuUNa(Program

MG_C) aaudaadluninnuan .

HanIINaasd

ﬁmuﬂiﬁ'us_iazuwmﬂﬂﬁLﬁumqaQiuiﬂsqﬁiwﬁﬂmmiﬂﬂmﬁuwhﬁ”u 840 bytes
f‘imammmqmawaaﬁmgmgmhum?;u(unk Speed)UBITDITYAIAITTOLUUNAPANARS
AaABUIN WY
- $751157 14.4 kbps 111111 128.571 packets/min
- 803157 9600 bps M1 85.714 packets/min
- §05152 7200 bps (VA 64.286 packets/min
- $@5U57 2400 bps (11111 21.428 packets/min
dmuveedaanaaauiioy fimuald
- wrazadenilvaminy 0.035 Jud
- %’auﬂam;iaz'ns1uucmé?u(‘rransaction)‘v"wﬁwmxﬁundmﬁmﬁeﬂﬁwmhumﬁu (i
11 840 bytes

as o o 3 t @
- $AT S B WHANAYS BN ULIATUTITWAaz Ao AL 4,.60/frame UNANA
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P o oA a o gy PRER
lu0\1%1ﬂ531"1_|ﬂ1'nﬂUuﬂu1“1ﬂﬂaﬂ\1']lﬂ513"1{]uuv'ﬂﬂW1%ﬁ1u15ﬂl”11ﬁ539\1ﬁmm1m

L1 v g

P=1 o 9/ . ar n’: o o =3 & [] a P Aq ¥
g ldnareau(Multiple Access) FusasSvswmananntwaazsaitinruiiounls
) ¥ [
aiaaér"aumunmmamuusmﬁuvzuwammnmmaﬂﬂumﬁwmizuumwuﬂ aud 1diaas
Py ° ° o d H v - a °
15 uuni3 m"lﬁ'mﬁmﬁuﬂammwmuvmmmﬁmﬁwmtmazﬁmumamvuﬁmmmt‘ﬂu

1 14 ar ] A ~ o ' LI o
LmZﬂﬂﬂﬂﬂﬂﬂﬁﬂﬁﬂ‘lﬂﬂiﬂ’UWTﬂUi’JIJ‘VIﬂ'ﬁ']uﬂﬂﬂﬁ'\?ﬂﬁzﬂﬂ‘l]ﬂgl‘lfuﬂu

o v
faeean 5.1
el lnseeisnunsanmi 14 udazdesdyanauinkiiuiuuassiiani
1 v & R o .
(Undirected Route)uaxIﬂiﬂ‘U‘wﬁ‘ﬁﬂdﬂi’giy”lmﬂ1')1ﬁ0118g?m~1‘1$mﬁﬂ1"m01mﬁﬂ Link#  lag
P P4 a A - w K] ' T Ay Y a ~ A
wisimesussszuuafoufianiidinaiineg wldmii ldsnmsfinsanluumii 3 @
g aq ¥ a a a o w a ' P sty ™
Tumsnaaoei aunm'lwdnmmamuu‘nmmmwmsmaglﬂuszuum'smuumwmﬁwm
Awq 9 Y Y o wy o 359 9 o P o ' '
wumnv_g“laffmniﬂ‘lfmmwseuﬂu'lﬂ14mumumxmnmug‘hmsmsszumnmuumﬂamm
[y a a Sl 904
fU 75 users (AFANQUNN 3) Widiimeinldne
1 Y d‘ L A 1 Y .Y
- awams I USMI(Service time) Taumay Aonitsunamnawiiiy 1.7325 U
%30 0.028875 U
[ ~ I'd 0y [ oy =1
- B suivesarans IHUS sy 14.18 Judi ¥39 0.23633 R
- Sas 1S rvnumanaiingwRazaniiarifieuyifiu 0.04762 unana @8 U

%30 2.857 UNANA AB UIN

[fipanindasimndevesmanaveRazanriia oy InanIgnuABITUUAT
douTaosn faf WBuaaeBluundi 3 il liaunsednnamg@nssuveslassieldlag
asaTavldmuvesmsmnduiiusmsWusasdminsesdyaauaraion lugasiraizi
minaaslaldTsunsu MG_C Tasfmuald manuggegavessesdayanaaauiion (2
113 : CAP) W1V 2.857 min(0.04 imainademsu)Fafiumfinesanoingamaudouiiee
L%H'cjﬂﬂnﬂaneﬁuammszwmmﬁuu(&mm‘luuwﬁ 3) Twvazfimnmlaumdovesns
“lﬁ’u?mwiauwmﬂmﬁﬂ'wmmqqqqmm%mf‘fq;aunmmmﬁtm(uﬁm“lunm‘?ﬁ)ﬁ'qﬂfin(s’m

nadessgaudoniolufia : SATD) iy 0.028875 min
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! ad iy a Z
nannasnaasldlsunsy MG C fifidanosaumuiildesuneld uaasmudu

Y o d"
aou'lanqil

> o
YUADUN 1

° ' o 4 4 . 1 ° A
AMUUANNITINNDTVUBUAAT Link 1¥U VIUIUTOIU L%uma C"I’MVI'NLLE’IZ‘IJW]UY!'N

Y] o a ] . ° ) A 1 [ [
AT UTADSFUAUBIUAAL Link uazmu’muu'ﬂumlm f’l’ﬁlWlHlE)\’lﬂ'\“u'Nl'Jﬁ'l(Cost)‘luuﬂ

[l . 3
sidumevaiziica LifinsmAalugaqduma laravas i lifinsmialaq@umaeriu el

Setting trunk speed rate.

Link#1 Traffic=0.0000
Link#2 Traffic=0.0000
Link#3 Traffic=0.0000
Link#4 Traffic=0.0000
Link#5 Traffic=0.0000
Link#6 Traffic=0.0000
Link#7 Traffic=0.0000
Link#8 Traffic=0.0000
Link#9 Traffic=0.0000

: Link Speed=85.7140
: Link Speed=64.2860
: Link Speed=64.2860
: Link Speed=85.7140
: Link Speed=21.4286
: Link Speed=85.7140
: Link Speed=64.2860
: Link Speed=85.7140
: Link Speed=2.8570

Link#10 Traffic=0.0000: Link Speed=21.4286

: Cost[1][2]=0.012
: Cost[2][1]=0.016
: Cost[1](3]=0.016
: Cost{3][1]=0.012
: Cost[2][3]=0.047
: Cost[3][2]=0.012
: Cost[2][4]=0.016
: Cost[4]{2]=0.012
: Cost[3][4]=0.350
: Cost{4][3]=0.047

: Delay=0.012
: Delay=0.016
: Delay=0.016
: Delay=0.012
: Delay=0.047
: Delay=0.012
: Delay=0.016
: Delay=0.012
: Delay=0.029
: Delay=0.047
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Total Dlay=0.2155 min

v v
U Cost SuAUVBAFUN1AI9 TugtueumS nad(Matrix) 1deail

iFI'li’lx‘l“?i 1
Node 1 2 3 4
1 0 0.012 0.016 999*
2 0.016 0 0.012 0.016
3 0.012 0.047 0 0.047
4 999* 0.012 0.035 0

= J et g o A " o
999* mnﬂmTmmﬁaﬂumﬁummmamaﬂu

UAA LUNSNTUDI Cost YOITOITQYQBUA1

14 . [
o/ =

Junoufi

damsmAniidosnsdmiviudasdumaiitmun Saludesnd fmuald
(@1UN19910 Nodel 1U&a Node4 T Traffic in1fiy 64 packets/min
1&#1UN199710 Node3 1§ Node2 T Traffic iy 75 packets/min

(#1N19910 Node2 T1J8ls Node4 # Traffic (nifiy 1 packets/min

s .
as =t

VUADUN

o et N <} 4 a
mmsuudunananga laold cost vowdazidumaiudoulvlumsinsan 18

Hagail

Find shortest path.

Shortest Path[1] : 1-2-4 Total cost[1] =0.027
Shortest Path[2] :3-2 Total cost[2] =0.012
Shortest Path[3] : 2-4 Total cost[3] =0.016

. 14 . .
wazaswasunsMianmadu luudasidumamainngaudui s wian e luuday

Link 1M1



Route [1]-[2]=1 : Assigned traffic=64.000 : Taffic flow=64.000

Route [2]-[4]=7 : Assigned traffic=64.000 : Taffic flow=64.000

Route [3}-[2]=6 : Assigned traffic=75.000 : Taffic flow=75.000

Route [2]-[4]=7 : Assigned traffic=1.000 : Taffic flow=65.000

E 4
a 4 1 . 1 o
W URDIUAY Cost YDIUANY Link . Qﬂﬁ MmNy

Link#1 Traffic=64.0000 :
Link#2 Traffic=0.0000
Link#3 Traffic=0.0000
Link#4 Traffic=0.0000
Link#5 Traffic=0.0000
Link#6 Traffic=75.0000 :
Link#7 Traffic=65.0000 :
Link#8 Traffic=0.0000
Link#9 Traffic=0.0000
Link#10 Traffic=0.0000 :

Link Speed=85.7140

: Link Speed=64.2860
: Link Speed=64.2860
: Link Speed=85.7140
: Link Speed=21.4286

Link Speed=85.714 0
Link Speed=64.2860

: Link Speed=85.7140
: Link Speed=2.8570

Link Speed=21.4286

: Cost[1][2]=0.012
: Cost[2][1]=0.016
: Cost[1][3]=0.016
: Cost[3][1}=0.012
: Cost[2][3]=0.047
: Cost[3][2]=0.012
: Cost[2][{4]=0.016
: Cost[4}[2]=0.012
: Cost[3][4]=0.350
: Cost[4][3]=0.047

59

fmua@uNd) Link Speed $ans1voudastesdygnalinnzauiudasasiaa

yoadoyalaummwizaniiignimualilddnaiaridion

Link#1 Traffic=64.0000 :
Link#2 Traffic=0.0000
Link#3 Traffic=0.0000
Link#4 Traffic=0.0000
Link#5 Traffic=0.0000
Link#6 Traffic=75.0000 :
Link#7 Traffic=65.0000 :
Link#8 Traffic=0.0000
Link#9 Traffic=0.0000
Link#10 Traffic=0.0000 :

Link Speed=88.3993

: Link Speed=66.3000
: Link Speed=66.3000
: Link Speed=88.3993
: Link Speed=22.0999

Link Speed=88.3993
Link Speed=66.3000

: Link Speed=88.3993
: Link Speed=2.9465

Link Speed=22.0999

: Cost[1][2]=0.012
: Cost[2][1]=0.016
: Cost[1][3]=0.016
: Cost[3]{1]=0.012
: Cost[2][3]=0.047
: Cost[3]{2]=0.012
: Cost[2][4]=0.016
: Cost[4][2]=0.012
: Cost[3][4]=0.350
: Cost[4]{3]=0.047
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Start Delay Time=9999.0 min : Total Delay=1.27255126 min
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Shortest Path[1] : 1-3-4
Shortest Path[2] :3-1-2

Shortest Path[3] :2- 1-3-4
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Total cost[1] =0.365

Total cost[2] =0.160

Total cost[3] =0.380
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youdume Anamihmidini lfadumenfismisanaigand Amua@und) Link

Speed voudazgeadyanaltmneay fudasmafiaveumananiiniluudaz Link 8
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Link#1 Traffic = 64.273
Link#2 Traffic = 0.025
Link#3 Traffic = 1.615
Link#4 Traffic = 1.864
Link#5 Traffic = 0.000
Link#6 Traffic = 73.136
Link#7 Traffic = 63.385
Link#8 Traffic = 0.000
Link#9 Traffic = 1.615
Link#10 Traffic = 0.000

¥ v
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: Link Speed = 86.202
: Link Speed = 64.652
: Link Speed = 64.652
: Link Speed = 86.202
: Link Speed = 21.551
: Link Speed = 86.202
: Link Speed = 64.652
: Link Speed = 86.202
: Link Speed = 2.873

: Link Speed = 21.551

: Cost[1][2]=0.14849
: Cost[2][1]=0.01508
: Cost[1][3]=0.01508
: Cost[3][1]=0.01131
: Cost[2][3]=0.04525
: Cost[3](2]=0.49236
: Cost[2][4}=39.23077
: Cost[4][2]=0.01131
: Cost[3]{4}=0.35002
: Cost[4][3]=0.04525

: Delay=0.046
: Delay=0.015
: Delay=0.016
: Delay=0.012
: Delay=0.046
: Delay=0.077
: Delay=0.789
: Delay=0.012
: Delay=0.226
: Delay=0.046
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Previous Delay=1.27235126 min : Current Delay=0.009172340 min
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Shortest Path[1] :1-3-4
Shortest Path[2] :3-1-2
Shortest Path[3] :2-1-3-4

b
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JundUN 8 a9

Total cost[1] =1.870

Total cost[2] =0.191

Total cost[3] =1.885

d o 4 ' ﬁl A o o A v 9 '
ﬂ?')ﬂﬁﬂﬂﬂi'\ﬂﬂﬂﬂ mﬂ‘uu‘lmmazl UNUNBUINITINAOU Lﬂaaumwagamamu

voudunie fiisminmatiani llFadumentisimizinaiiigeni fvua(euud) Link

Speed UBsLAazyoIdRyg I ldmInzay fusasimsifaveawanam lmilunsas Link 14

v o s:y
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Link#]1 Traffic = 64.483
Link#2 Traffic = 0.044
Link#3 Traffic = 2.857
Link#4 Traffic = 3.297
Link#5 Traffic = 0.000
Link#6 Traffic =71.703
Link#7 Traffic = 62.143
Link#8 Traffic = 0.00
Link#9 Traffic = 2.857
Link#10 Traffic = 0.000

E [
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: Link Speed = 87.428
: Link Speed = 65.571
: Link Speed = 65.571
: Link Speed = 87.428
: Link Speed = 21.857
: Link Speed = 87.428
: Link Speed = 65.571
: Link Speed = 87.428
: Link Speed =2.914

: Link Speed = 21.857

: Cost[1][2]=0.17926
: Cost[2][1]=0.01548
: Cost[1][3]=0.01627
: Cost[3][1]=0.01212
: Cost[2][3}=0.04640
: Cost[3][2]=0.50491
: Cost[2][4]=40.23061
: Cost[4][2]=0.01160
: Cost[3][4]=1.85339
: Cost[4][3]=0.04640

: Delay=0.044
: Delay=0.015
: Delay=0.016
: Delay=0.012
: Delay=0.046
: Delay=0.064
: Delay=0.292
: Delay=0.011
: Delay=0.377
: Delay=0.046
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Previous Delay=0.009172340 min : Current Delay=0.006585538 min
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Afqadmiuaminnm Taold Cost vswmazdumedildnnduaeu 6 Fawan 1AiTuds
Shortest Path[1] :1-2-4 Total cost[1] =5.745
Shortest Path[2] :3-1-2 Total cost[2] =0.178
Shortest Path[3] :2-4 Total cost[3] =5.579
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4 a J 1 A‘ o LY 4'{ 9/ 9 1
asreaeunsianfatuluudazidumanerinns i indoutsvoyaunau
youdun Ammisnaidini luSudumedifismiiwnangand Mvuaaus) Link

Speed veuAnzgosdagnafmnzaniudasnsfiavownanadiilmiluisas Link 1éwa
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AND A3U

Link#1 Traffic = 69.569 : Link Speed =85.714 : Cost[1][2]=0.16607  : Delay=0.062
Link#2 Traffic = 0.041 : Link Speed = 64.286 : Cost[2]{1}=0.01527  : Delay=0.016
Link#3 Traffic = 2.662 : Link Speed = 64.286  : Cost[1][3]=0.01667 : Delay=0.016
Link#4 Traffic = 8.190 :Link Speed =85.714 : Cost[3][1]=0.01235 : Delay=0.013
Link#5 Traffic = 0.000 : Link Speed =21.429 : Cost[2][3]=0.04575  : Delay=0.047
Link#6 Traffic = 66.810 : Link Speed =85.714  : Cost[3][2]=0.35359  : Delay=0.053
Link#7 Traffic = 62.338 : Link Speed = 64.286  : Cost[2][4]=5.57863 : Delay=0.513
Link#8 Traffic =0.000 :Link Speed =85.714 : Cost{4]{2]=0.01144  :Delay=0.012
Lix_1k#9 Traffic=2.662 :Link Speed =2.857  : Cost[3][4]=999.0 : Delay=0.353
Link#10 Traffic = 0.000 : Link Speed =21.429 : Cost[4][3]=0.04575 : Delay=0.047
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Previous Delay=0.006585538 min : Current Delay=0.008079586 min
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Shortest Path[1] : 1-3-2-4

Shortest Path[2] :3-2
Shortest Path[3] :2-4
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Total cost[1] =17.198

Total cost[2] =0.240

Total cost[3] =16.941

a a cg 1 8/ A o ar A 9 b 1
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Speed voauAnzTosFyanulfmnzan fudasimafiavesmmnaIniluusas Link 18
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Link#1 Traffic = 69.569
Link#2 Traffic = 0.041
Link#3 Traffic = 2.662
Link#4 Traffic = 8.190
Link#5 Traffic = 0.000
Link#6 Traffic = 66.810
Link#7 Traffic = 62.33é
Link#8 Traffic = 0.000
Link#9 Traffic = 2.662
Link#10 Traffic = 0.000

v v
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: Link Speed = 85.714
: Link Speed = 64.286
: Link Speed = 64.286
: Link Speed = 85.714
: Link Speed = 21.429
: Link Speed = 85.714
: Link Speed = 64.286
: Link Speed = 85.714
: Link Speed = 2.857

: Link Speed =21.429

: Cost[1][2]=0.32884
: Cost[2][1]=0.01558
: Cost[1][3}=0.01693
: Cost[3][1]=0.01426
: Cost[2][3]=0.04667
: Cost[3][2]=0.23985
: Cost[2][4]=16.94101
: Cost[4][2]=0.01167
: Cost[3][4]=75.13346
: Cost[4][3]=0.04667

: Delay=0.062
: Delay=0.016
: Delay=0.016
: Delay=0.013
: Delay=0.013
: Delay=0.053
: Delay=0.513
: Delay=0.012
: Delay=0.353
: Delay=0.047

¥
S TUIUMNURIIAIvBITT LU anNatas N s lToufsunua A UAN

Previous Delay=0.008079586 min : Current Delay=0.008079586 min
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Shortest Path[1] :1-3-4 Total cost[1] =1.821

Shortest Path[2] :3-1-2 Total cost[2] =0.191
Shortest Path[3] :2-1-3-4 Total cost[3] =1.837
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Link#1 Traffic = 64.273
Link#2 Traffic = 0.025
Link#3 Traffic = 1.612
Link#4 Traffic = 1.860
Link#5 Traffic = 0.000
Link#6 Traffic = 73.140
Link#7 Traffic = 63.388
Link#8 Traffic = 0.000
Link#9 Traffic = 1.612
Link#10 Traffic = 0.000
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: Link Speed = 86.207
: Link Speed = 64.656
.: Link Speed = 64.656
: Link Speed = 86.207
: Link Speed =21.552
: Link Speed = 86.207
: Link Speed = 64.656
: Link Speed = 86.207
: Link Speed =2.873
: Link Speed = 21.552

: Cost{1][2]=0.17918
: Cost[2][1]=0.01548
: Cost[1][3}=0.01627
: Cost[3][1]=0.01212
: Cost[2][3]=0.04640
: Cost[3][2]=0.50488
: Cost[2]{4]=40.22827
: Cost[4][2]=0.01160
: Cost[3][4]=1.80504
: Cost[4][3]=0.04640

Previous Delay=0.013221955 min : Current Delay=0.013221955 min
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1@ uN199710 Node2 1181 Node6 i Traffic 11111 43.0 packets/min
(#UN19910 Nodes 1183 Node8 ¥ Traffic 111U 44.0 packets/min
1#1n19970 Node6 1Jia Node4 1 Traffic im1fiu 1.5 packets/min
(#un13910 Noded 1162 Node2 ¥ Traffic 1111 5.0 packets/min

1#UN199710 Nodes 1164 Node3 1 Traffic 111111 28.0 packets/min
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Loop Traffic Link Speed Avr Delay Cost

No.| Link#8 Link#9 Link#8 Link#9 Link#8 Link#9 Link#8 Link#9
0 0 0 2.857 .| 2.857 0.029 0.029 0.35 0.35
1 0 0.282 3.093 3.093 0.029 0.063 0.;2335 0.39141
2 0 2.395 2.989 2.989 0.029 0.321 | 0.33457 | 8.4836
3 0 0.2857 | 2.976 2.976 0.029 0.377 | 0.33601 | 209.73
4 | 0422 2.616 2.959 2.959 0.08 0.348 | 0.4598 | 25.0631
51 0.409 2.53 2912 2912 0.079 0.337 | 0.46473 | 20.0415
6 | 0532 2.462 2.894 2.894 0.094 0.329 | 0.51878 | 15.4947
7| 0.645 2.438 2.882 2.882 0.107 0.326 | 0.57569 | 14.5953
8 0.71 2.424 2.869 2.869 0.115 0.324 | 0.61575 | 14.4883
9| 0.721 2.547 2.866 2.866 0.117 0.339 | 0.62292 | 28.1268
10| 0.755 2.538 2.861 2.861 0.121 0.338 | 0.64523 | 27.4138
11| 0.77 2.529 2.857 2.857 0.123 0.337 | 0.65601 | 26.5243
12| 0.783 2.526 2.857 2.857 0.124 0.337 | 0.66385 | 26.0320
13| 0.783 2.524 2.857 2.857 0.124 0.337 | 0.66287 | 25.7277
141 0.783 2.523 2.857 2.857 0.124 0.337 | 0.66432 | 25.6427
15| 0.783 2.523 2.857 2.857 0.124 0.337 | 0.66432 | 25.6427
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Link#1 Ch[1][2]
Link#2 Ch[2][8]
Link#3 Ch[1][3]
Link#4 Ch[1](3]
Link#5 Ch[2][9]
Link#6 Ch[6][3]
Link#7 Ch[7]{4]
Link#8 Ch[4][3]
Link#9 Ch[6][4]

Link#10 Ch[4][10]
Link#11 Ch[7][10]

Link#12 Ch[8][7]

Link#13 Ch[10](5]

Link#14 Ch[5][1]
Link#15 Ch{8][9]
Link#16 Ch[8][1]
Link#17 Ch[9][5]
Link#18 Ch[5][6]

Traffic = 60.712
Traffic = 83.959
Traffic = 54.958
Traffic = 83.950
Traffic = 19.752
Traffic = 14.209
Traffic = 49.977
Traffic = 0.783

Traffic =2.523

Traffic = 4.217

Traffic = 47.600
Traffic = 13.027
Traffic = 4.217

Traffic = 64.669
Traffic = 26.933
Traffic = 0.000

Traffic = 46.685
Traffic = 58.232

Link Speed = 85.714
Link Speed = 85.714
Link Speed = 64.286
Link Speed = 85.714
Link Speed =21.429
Link Speed =21.429
Link Speed = 64.286
Link Speed =2.857

Link Speed = 2.857

Link Speed =21.429
Link Speed = 85.714
Link Speed = 64.286
Link Speed =21.429
Link Speed = 85.714
Link Speed = 64.286
Link Speed = 85.714
Link Speed = 85.714
Link Speed = 85.714
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AN 19
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= 20
E
Z 154
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g
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% 10 s—n—=  Link Speed
E: m—u—=m Link#6
57 +—+—+ Link#5

»

o4+ T"T T T T T T T T T T T 7T 1
0 2 4 6 § 10 12 14 Loop

uaae msulasuutasveansiladmsy Link# 5 uaz 6 1NOVAY Link Speed

SmdvnsRosansmiana Tassuves laseiiadeuy  wud mvienm
09TATITOULURAI(0.012865995 min W3 0.772 sec) Yoo dmiianaweslnsadisiign
IR A Ina A ATAN(0.015231511 min) waft ldTudnuaizieznldon Wluiam
ﬁm’;%’wmathqs'Jm%‘mﬁaﬁ'ﬂﬂmsmﬁmﬁuqq?ijnmﬁunhfhﬁf‘imuﬂ FedanadeszuuA1
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Loop Traffic Link Speed Avr Delay Cost

No.| Link#8 Link#9 Link#8 Link#9 Link#8 Link#9 Link#8 Link#9
0 0 0 2.857 2.857 0.35 0.35 0.35 035
1 0 0.308 3.027 3.027 0.33 0.368 0.33 0.4093
2 0 1.348 2.989 2.989 0.335 0.61 0.335 | 1.11103
3 0 1.704 2979 2.979 0.336 0.787 0.336 | 1.83165
4 0 1.796 2976 2.976 0.336 0.847 ]0.336 2.1375
5 0 1.821 2.976 2976 0.336 0.866 0.336 | 2.2375
6 0 1.827 | 2.976 2.976 0.336 0.871 0.336 | 2.23143




72

A157199 3(AB)

7 0 1.829 2.976 2.975 0.336 0.872 0336 | 2.2539
8 0 1.83 2975 2975 0.336 0.873 0336 | 2.2574
9 0 1.83 2.975 2975 0.336 0.873 0.336 | 2.2644
10 0 1.83 2.975 2975 0.336 0.873 0336 | 2.6627
11 0 1.83 2975 2975 0.336 0.873 0336 | 2.6682
12 0 1.83 2.975 2.975 0.336 0.873 0.336 | 2.6682
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(#1991 Nodel 11/89 Node4 i Traffic NNV 51.0 packets/min
il

1&UN19910 Nodel 11/8fa Node4 ¥ Traffic (Y1711 50.0 packets/min

b [ v b4 s a 5
wasnnsnaneslFlsunsundinnasvnansmiaamun @umeanNnaYUNn

] ¥ ] 1 4
msdemdunaiingaluusazasiesmsn/fouulamsmiaung Cost Tumsaudusiae
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(&un991n Nodel liJffa Node4 ¥ Lﬁ’umaﬁﬁﬁqmﬁﬂ?j’u fiv
1) node 1- node 3- node 7- node 4
2) node 1- node 2- node 8- node 7- node 4
3) node 1- node 2- node 9- node 5- node 6- node 4
4) node 1- node 2- node 9- node 5- node 6- node 3- node 7- node 4
(#un1991n Node3 l1Jfis Node10 3 Lﬁ'umaﬁﬁﬁqmﬁﬂﬁu fln
1) node 3- node 7- node 10
(#1n19970 Node2 T1J&a Nodes 3 Lﬁ'umqﬁﬁﬁqmﬁm‘fu flo
1) node 2- node 8- node 9- node 5- node 6
2) node 2- node 9- node 5- node 6
(#uM19970 Nodes 18s Nodes T ifumsiiafiqaifindiu fe
1) node 5- node 1- node 2- node 8
(@uM9910 Node6 1UEt Noded i1 idumnsiindiqaifiadiu fe
. 1) node 6- node 3- node 7- node 4
2) node 6- node 4
(#11119910 Node4 1159 Node3 Lf’v'uma"?'lﬁﬁqmﬁﬂﬁu flo
1) node 4- node 10- node 5- node 1- node 3
2) node 4- node 10- node 5- node 6- node 3
3) node 4- node 3



74

Y] Y a o o a /& 4
#1991 Nodes 1183 Node3 N ifumsnangainavu Av
1) node 5- node 6- node 3
2) node 5- node 1- node 3

i a ~ o § 4 o 4 Ll s
drafosanwaii ldainmssnanlasldlisunsy MG_C inmniiinesvesredy-
a1 ATUTEUIAY : Link Speed 2.1428 UWAINAADYNT(0.03 uwanademsy) Awamsi
13N 0.022766 WITaL Variance 0.1998 w1 tiaras Tasns w1y and 18-20 NYosdFyanai
= . J o t < [ VY 1 a ' b =
i Link Speed meqfuguiimafudotiah 2 wudh uualivvesmsnfasuuasvemsmia
[ 1 v ¥ ]
Smiuudaz Link Tdavas@eitudiesnd 2 esnadunnhduiiqausdaze9sdng
o a ° { a 4 1 o o v o [] 4
dudumady  iidasafoudawsmriflafatulusedyanadeiuiudedii
1 1 a = 1 d & a s (A
Aundvinavesmsnlasuudastinnuuanaadndesiiesnnwavesmniinesinldou
livesgesdamnamaruiioy
] L4 [
dmiunasnsi ldandresndl annseaplldhmsn/asunlasvemsmiauas
fminauiehgganiamunnmImdge fensaeandosfudeimuauazgliuumani

9o 9 o Y [} s ~ 1 Y a 9 =Y 1 ] o
"lﬂm‘nuﬂ”h Na‘U@\‘lI?Jlﬂﬁﬁ'lﬁi‘l]‘lfﬂﬂﬁfgfg'lmﬂ’nmUllvlllﬂﬂiﬂtﬂﬂﬂ’d‘ﬂNlﬂﬂ\iﬂﬂ‘lﬂﬂ\iﬂiyﬂlu'lﬂl

& a 9 o dy a
duq i lgasnalenianuay

NN 20

2.5
e 2
E
p<]
7]
£ 1.5+
& &—oa—2a Link Speed
2 4 s—a—=a Link#9
= +—+— Link#8
=
0.5 W
0 +—+—¢ T T T T T T T —>
0 2 4 6 8 10 12 Loop

waee msalaouasvemsiindmSy Link# 8 uay 9 MoUAY Link Speed



75

NN 21

100
E 80
g -
£ 60
&
£ 40- a—a——a Link Speed
& === Link#18
E 20 +—+— Link#1
0 — T T T T T T T T T 1%
0 2 4 6 8 10 12 Loop

s psnlaeuutlasvsmsad M3 Link# 1 nag 18 tMouf Link Speed

AN 22

251
- 20
g
E
£ 154
2
&
‘:" 10- s—n—-a Link Speed
= n—m—u Link#6
[_3; 5 +—o— Link#5

0 T T T T T T T T —>

T
0 2 4 6 8 10 12 Loop
uaae nsiasunasremsMiad M Link# 5 1oz 6 (NBUU Link Speed

u‘ﬂ‘aﬁmsmﬂﬂsaﬁwﬁﬁmﬂﬁmeé"qmaimﬁmfmmﬂmﬁquf’i $a3 T IVOWNANG
3.57 UNAINA ABUILC.05 unanARBIHIN) 1IAMs1AUIMS 0.0366 U Variance 0.3623
¥ ﬂ51ng]'.hLﬁﬂ‘ldfhmM"WﬂMﬁuiuﬁaedwﬁ 1 uae 2 szvvamnsediududigyadige
18707 Link Speed ofluaniazilsnd  mafildnnTsunsuannsauaastugilveansmily

NN 21-23



P
AINN 23
4
35 & & A
Q)
E 37
2
% 2.5
<
‘? 27 &—o—24 Link Speed
E 15 ®—u—=a Link#9
g ] +—+—+ Link#8
=
] A/‘/./»——/_—‘/*—‘
0 e

waas msiSounatvems wHad sy Link# 8 1as 9 (H0UAY Link Speed

ANA 24
A
> —Ma——ﬂ———é
£ 80 x
@
-]
S 60
<
&
£ 40
b &—=a—2 Link Speed
b= =—a—~a Link#18
20 +—o—o Link#l
0 ] i f i f f 5 i —>
0 1 2 3 4 5 6 7 8 9 Loop

warae msaounaseansMiad miy Link# 1 uag 18 1Hsufy Link Speed

76



77

P
NN 25

25

? LX (A & —A

€ 20

g

< 15

-]

&

& 107

s s—a—=A Link Speed

= 5- u—u—a Link#6
+—o—— Link#5

0 >

0 1 2 3 4 5 6 7 8 9 Loop

waas msasunlasveamsmiadmiy Link# 5 uag 6 (NUUMD Link Speed

f208an 5.4

s L] Ay =\ a = o Aé d' d' © g ¥ 1
luddeg1ail ﬁ]uﬂmﬂiv‘umvaqwmiimmqaaﬂaiwumﬂaﬂummummg‘l‘wm
Yyyanaaaiion MNENIAY 75 users luddedied 5.1 uaz 5.2 du 100 users Taold
{ d

msiimesyssszyuamafiouiigainudnduie idanweumanaimndwdazaaiil

14
ATy 0.03, 0.04, 0.05 uwaing A s R I Insideil

- A3 1R U313 (Service time) Tnumay denilsunanamifiy 1.8913,2.59 uag
3.4437 3u7fi 139 0.03152, 0.0432 UAZ 0.0574 WIN

- 61 Variance ¥841321015 1 USAISIMIAY 19.74, 30 1o 42.778 Fur¥ 150 0.329, 0.5
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Tusunsudamsadinin 49 a¥s urszuyhignnsndufugannzdsndld Faimuth
nsAnly Link#2 Huwaannduly c?amuﬂsnﬁa?mﬁ'fgﬂpmé’ﬁ Link Speed (MY 85.714
UNanA AoUTN

HaveamsINEATIgaY

Tnseveitlgmsiiimes lunguveasnsuss 2.1428 unanadouf

Link#2 Ch[2)[8] Traffic=84.05  Link Speed = 85.714

Link#8 Ch[4][3] Traffic =0.389 Link Speed = 2.143

Link#9 Ch[6][4] Traffic=1.891 Link Speed = 2.143

Tasevoiilsmsiines lunguueadasusa 2.857 unmnaaeud

Link#2 Ch[2][8] Traffic=85.077  Link Speed =86.778

Link#8 Ch[4][3] Traffic=0.308  Link Speed =2.892

Link#9 Ch[6][4] Traffic =2.226 Link Speed = 2.892

a i A 5 g [ =y { a ] { a d
'1Jsmnmﬂ%lﬁﬂﬁl.wmmtﬁmﬂ?umﬁumuﬂimmﬁmﬂ‘luTﬂNﬂntJﬁ‘lﬁ’fmsmmai
- ' Y o v A Ao Ay v w ' Y
yoanauonluAquusIdnI ST 2.1428 UNANAARBUIN fidnvaci ldudasdudesuuas
WirunsonFeuisuiuldifiesnndesaungdo

o/

1. smihanawesgesdyanumansuiludaszaeanuyveredyga(Link
Speed) i1ag Cost nldAmisaaesesdaanumadiouiiteg 2 $oe finastiuBidenms
ﬂszmumwﬁlﬂmm%mﬁ'ngaunmﬁﬁwﬂﬂﬁﬂqa"lﬂt‘fq‘ﬁmé‘r'ﬂum”nm?)"uqﬁﬁmwlﬂmim'h“lmﬁ’u
mqﬁéfuﬁqﬂﬁ‘ﬁmﬁﬁgmummmﬁumi"mﬁm%wg:
Tasavedi 1gwrs1dmes Tunguuesdasua 2.1428 unainadeu i
1" Setting traffic in each link and Adjusting trunk speed
Link#8 Traffic = 0.000 Link Speed=2.369  Delay=0.032 Cost[4][3]=0.42205
Link#9 Traffic = 0.256 Link Speed =2.369  Delay=0.075 Cost[6][4]=0.53025
Tasavwii 19wisrfimes Tunguvessasuia 2.857 unanadeuri
1" Setting traffic in each link and Adjusting trunk speed
Link#8 Traffic = 0.000 Link Speed =3.256 Delay=0.043  Cost[4][3]=0.30714

Link#9 Traffic =0.217 Link Speed =3.256  Delay=0.100 Cost[6][4]=0.35268

[0 4 ] 1 ]
2. dumsiiduiigansfouad i lduinamsmRtanidounlasiie msiden

+« ¥ ]
Bunmefiduiiqaszinnsanen Cost vosusazdun
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’ ~ - y o 3 1 =t
Tnsevei 19w151mes lunguuessns u5a 2.1428 unainaaeuIm

START LOOP(3)
Shortest Path[1] :-1-2-8-7-4 Cost of Shortest past No.1 = 3.784

Shortest Path[2] :-3-7-10 Cost of Shortest past No.2 = 10.842
Shortest Path[3] :-2-9-5-6 Cost of Shortest past No.3 = 0.218
Shortest Path[4] :-5-1-2-8 Cost of Shortest past No.4 = 3.756
Shortest Path[5] :-6-4 Cost of Shortest past No.5 =4.317

Shortest Path[6] :-4-10-5-6-3 Cost of Shortest past No.6 = 0.289
Shortest Path[7] :-5-6-3 Cost of Shortest past No.7 = 0.148
Tasevwiilgmisiiimes Tunguyesdnsusa 2.857 unmunasouii
START LOOP(3)

Shortest Path[1] :-1-2;9-5-6-4 Cost of Shortest past No.1 = 0.825
Shortest Path[2] :-3-7-10 Cost of Shortest past No.2 = 3.776

Shortest Path[3] :-2-9-5-6 Cost of Shortest past No.3 = 0.164
Shortest Path[4] :-5-1-2-8 Cost of Shortest past No.4 = 1.454
Shortest Path[5] :-6-4 Cost of Shortest past No.5 =0.612

Shortest Path[6] :-4-10-5-6-3 Cost of Shortest past No.6 = 0.252
Shortest Path[7] :-5-6-3 Cost of Shortest past No.7 =0.120
deldszuundudhganiizdsnd thmsdiunsmiia 9n

1&#uN19970 Nodel 11/6f4 Noded 1 Traffic (11 51.0 packets/min

(&119970 Node5 11/6a Nodes 1 Traffic (N1 44.0 packets/min
Ty

(#UN199710 Nodel 11/62 Noded4 1 Traffic IN11111 52.0 packets/min

(FUuN19910 Node5 11/§a Node8 1 Traffic (N1 43.0 packets/min
denaasdldlysunsuihmsdan Usingh &g iiuimo 87 adeldkadniga

9/ o ::’
NMUAIU

87" Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 59.510 Link Speed = 85.714 Delay=0.038 Cost[1]{2]=0.12483
Link#2 Traffic = 83.481 Link Speed =85.714 Delay=0.448 Cost[2][8]=17.18865
Link#3 Traffic = 55.315 Link Speed = 64.286 Delay=0.111 Cost[1](31=0.79886



Link#4 Traffic = 83.421
Link#5 Traffic = 19.029
Link#6 Traffic = 13.478
Link#7 Traffic = 51.069
Link#8 Traffic = 0.628
Link#9 Traffic = 2.431
Link#10 Traffic = 4.372
Link#11 Traffic = 47.000
Link#12 Traffic = 14.648
Link#13 Traffic = 4.372
Link#14 Traffic = 62.825
Link#15 Traffic = 25.833
Link#16 Traffic = 0.000
Link#17 Traffic = 44.861
Link#18 Traffic = 57.409

\

Link Speed = 85.714
Link Speed = 21.429
Link Speed = 21.429
Link Speed = 64.286
Link Speed = 2.857

Link Speed = 2.857

Link Speed =21.429
Link Speed = 85.714
Link Speed = 64.286
Link Speed =21.429
Link Speed = 85.714
Link Speed = 64.286
Link Speed = 85.714
Link Speed = 85.714
Link Speed = 85.714

Delay=0.436
Delay=0.417
Delay=0.126
Delay=0.076
Delay=0.207
Delay=0.680
Delay=0.059
Delay=0.026
Delay=0.020
Delay=0.059
Delay=0.044
Delay=0.026
Delay=0.012
Delay=0.024
Delay=0.035

Cost[3][7]=16.30279
Cost[2][9]=3.72071
Cost[6][3]=0.33900
Cost[7][4]=0.36802
Cost[4][3]=0.57483
Cost[6][4]=15.71666
Cost[4][10}=0.07366
Cost[7][10]=0.05719
Cost[8][7]1=0.02609
Cost[10][5]=0.07366
Cost[5][1]=0.16361
Cost[8][9]=0.04348
Cost[8][1]=0.01167
Cost[9][5]=0.05136
Cost[5][6]=0.10698

Tasfidmuaararsiu Iasmasuse 1nsa1oIny 0.012953533 min
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° Y 1 dHa a o 1 o { o -]
ﬂ']'ﬂi‘UIﬂiQ‘U'lU‘VlNW']TINlﬁﬂi'l!ﬂ\‘l%ﬂ\ﬂﬁﬂ‘jiy'lmﬂ'nlﬁﬂﬂﬁ DATUTIVDIUNANA  3.57

LWAA ABUITI(0.05 LwAAReIUIT) AT IRLSAIS 0.0574 WIN Variance 0.714 U

A [] b4 E4
Usingiuileldamswiflaludedieh 52 Tsunsufiamsaudidman 20 A3 waz lajan

wmsndudanzdsnd ldudedu lesnnmguadeiildndiim el szuundndhg

anmezdsnd Manmsydsunsvida 9n

1 &UN19970 Nodel 1182 Noded

1§ UN19910 Nodes 11/8la Nodes

Tl

[ &UN19910 Nodel 11/8s Nodes

1§ UN19910 Nodes 1163 Nodes

i Traffic 1111111 51.0 packets/min

#i Traffic (N0 44.0 packets/min

#i Traffic IN1AY 50.0 packets/min

11 Traffic 111U 43.0 packets/min

A b4 ° ° ' o :l ° n’: 14 @ o
dlenaaesldTsunsuimssunn dingh wisnnuduiiudau 13 adldnadniqa

3 o d’
MyaAIU

13" Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 58.435

Link Speed = 85.714 Delay=0.037 Cost[1][2]=0.11519



Link#2 Traffic = 83.561
Link#3 Traffic = 55.844
Link#4 Traffic = 82.750
Link#5 Traffic = 17.874
Link#6 Traffic = 12.309
Link#7 Traffic = 48.584
Link#8 Traffic = 0.597
Link#9 Traffic = 2.916
Link#10 Traffic = 4.403
Link#11 Traffic = 47.000
Link#12 Traffic = 12.834
Link#13 Traffic = 4.403
Link#14 Traffic = 64.279
Link#15 Traffic = 27.727
Link#16 Traffic = 0.000
Link#17 Traffic = 45.601
Link#18 Traffic = 56.725

Link Speed = 85.714
Link Speed = 64.286
Link Speed = 85.714
Link Speed = 21.429
Link Speed = 21.429
Link Speed = 64.286
Link Speed = 3.570

Link Speed = 3.570

Link Speed = 21.429
Link Speed = 85.714
Link Speed = 64.286
Link Speed = 21.429
Link Speed = 85.714
Link Speed = 64.286
Link Speed = 85.714
Link Speed = 85.714
Link Speed = 85.714

Delay=0.465
Delay=0.118
Delay=0.337
Delay=0.281
Delay=0.110
Delay=0.064
Delay=0.285
Delay=1.173
Delay=0.059
Delay=0.026
Delay=0.019
Delay=0.059
Delay=0.047
Delay=0.027
Delay=0.012
Delay=0.025
Delay=0.034

Cost[2][8}=18.49596
Cost[1][3]=0.90203
Cost{3][7]=9.75466
Cost[2][9]=1.69577
Cost[6][3]=0.25766
Cost[7][4]=0.26073
Cost[4][3]=0.40380
Cost[6][4]=8.35329
Cost{4]{10]=0.07393
Cost[7][1 9]=0.057 19
Cost[8][7]=0.02428
Cost[10][5]=0.07393
Cost[5][1]=0.18656
Cost[8][9]=0.04810
Cost[8][1]=0.01167
Cost[9][5]=0.05327
Cost[5][6]=0.10200

Tasfamy1anasn laumasvoe1asav Ny 0.014610336 min
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FILE “ SATSIM.C”

#include <stdlib.h>
#include <stdio.h>
#include <math.h>
" #include <alloc.h>

#include <time.h>

#define asub 12.0
#define tslot 0.035

#define user 50
#define pdelay 0.25

#define lamdar 0.6
#define proc  0.01

#define frm 24.0
#define lpr 0.5437

#idefine arr 3.0
ftdefine sl 20000

static float mglq[40];

MANHIN N.

d d
anNIsIZUY

o (=3 -
[¥* mmuﬁaem‘nﬂsxnamﬂu Aloha Subframe **/
a =t 1 o 4 n’a’ ] - A [
A~ authuduvsaunasaaon FI5NaEiFouds
[] -1
FYNINAAOA(Gab) **/
/4% FIUIUVDIADT *¥/
/% AUNNaINNAINMsANN1IYeInau lurileves
Adon *x/
v
/** DATIVDINTAIY(Retransmission rate) **/
/* ave I swares naoiiuliouayaotigosi 14
FIMSUMTHINULABSUNAUNR **/
o =1 v
/4% S1uuvesaann luuaasisy *+/
[N ] k7 d‘d 1
/% BATIAIUYDAHANAUI NVUBITBYaNTVIIA N
LY 9 o
AUUNANATDIVDYAVUIALAN **/
/** Packet/Queue/Frame **/

o o o o 3
M* PTUIUVBITAOANNINITIDINIHUA **/
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static float mglq[40];

struct node far *array[user];
struct node
{
float  gent;
long int slottime;
int pstate;

long  int nowsl;

float tlast;
int coll;
int cutlpr;

float arrtime(int stat,float lamd);

int poisson(void);

float randm();

float rand1();

float rand2();

float percent(int slott);

long int aloha(long in: data);

long int backlg(long int dat,float lam1);
float arrt(int stat,float lamd);

long int mkslot(float gentime);

int mg1(float grate);

main(void)
{
FILE *rsvl;
int  ij,thuput,slot,*pnt,s,q;

int  *tmp,tmpl;
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int  cnt0,cntl,cnt2,cnt4,cnt3;

int  lIret=0,lrlss=0,queue=0;

fong int slc;

float a,tent,tv,tvar,chkl,chk2,]lam=0.0;

float sttn10[40]; /+* ganfin1o0 dmiumsinisan */
printf(“Input rate :\n");

scanf("%f", &lam); fflush(stdin);

pnt=NULL; tmp=NULL;

thuput=0;

cnt1=0;

cnt2=0; 4% unaunafidaduSe =/

cnt3=0;

cntd=0; [ xﬁud1€1muﬂ%"’qﬁxﬁﬂn1iw %/
tent=0.0; [%* naﬂﬂus'mﬂumuwmnm%wmﬁdqﬁu% *k/
tv=0.0;

tvar=0.0; /** Variance **/

/* weraawalu'lWd¥e RSV1.SER ¥/
if ((rsv1 = fopen("d:rsvl.ser", "wt"))==NULL)
{
fprintf(stderr, "Cannot open input file.\n");
exit(1);
}
° ° = 1 od o a ‘g J A o 9 Y
[** ﬂ'liil'l'ﬁﬂQﬂ’lﬁ'i’l'l\'i'lu‘llﬂ\ﬁz‘l]ﬂﬂ'nmﬂﬂclullﬂazﬁﬂﬂﬂ'ﬂlﬂﬂﬂ]uﬂﬂlutﬂﬂﬂu ﬂf)\iﬂ'liﬁ')lllli
o 9vq 9 ot L] ) & @ &R o aa 5
Uy Array adnuvead idUseniiflegluszuy dmiviuiinmgmsoiEvenyiifiaiuly
F 4
YUTUU *¥/
for (i=0;i<user;i++)
array[i] = farcalloc(1, sizeof(struct node));
for (i=0;i<40;i++)
sttn10[i}=0.0;
for (i=0;i<user;i++)

{
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array[i]->gent=0.0; [** naﬁ;xﬁmmmﬂm‘fuinﬁ *4/
array[i]->slottime=0; /e* graniignialieglugacvesadon */
array[i]->pstate=0; e amitluanmzuiingen = 1+
array[i]->tlast=0.0; /%% ATRHNANABDNVINTTUL *¥/
array[i]->nowsl=0; /* am(adion) Tuvsizaiu =¥
array[i]->coll=0; /% IR DINSFUVBUMALNR i, *4/

array[i]->cutlpr=0;
/x* $rapangmissifinaunana luudazannil Tauiusnmiiaesfidaunanaiy <
a=arrtime(array[i]->pstate,lam);
if (a==0.0)
{
tmp=random(3);
array[i]->nowsl=array[i]->nowsl+tmp;
a=arrtime(array[i]->pstate,lam);
}
array[i]->gent=array[i]->nowsl+a;
slc=mkslot(array[i]->gent);
/%% %ﬂ“lﬁ'msdatmﬂmminﬁ&smuﬁazﬁmﬁmfluMsudauazTamwhffu **/
array{i]->slottime=aloha(slc);
}
tmp1=0;
rxFudugilvesmsiaes(adondi 1
randomize();
s=0;
fprintf(rsv1,"000.000 ");

for (slot=1;slot<=sl;slot++) /** Slot "0",1,2,3,.... ¥*/
{
tmp=pnt;
cnt0=0; P usnauaaniiiReauluusag siot *+/

for (i=0;i<=user-1;i4+)

{
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if (array[i]->slottime==slot) [** ﬁaﬂﬂﬁtﬁﬂﬁluﬂmﬁﬁ i *¥%/
{
*pnt=i; pnt++; m+ Funasdmuaaariiniaunnina luadon i *+/
cntO++;
}
}
*pnt=user+1;
pot=tmp;
tmp=NULL;
if (cnt0==0) goto stop_slot;
else if (cnt0=1) o+ Tumanafideauarifeudivamana@oluadon i+
{
while (*pnt!=user+1)
{
if (array{*pnt]->pstate==0) /* cnt0=1 1lay state=0 */
{
thuput++;
cnt2=cnt2+cnt0;

array[ *pnt]->tlast=tslot-+(array[*pnt]->slottime*tslot)+(2*pdelay)+(2*proc);

if (randm()>1pr)

{
Irct-+; e+ uwainausnuesdeyafiiuualng) +»
queue=queue-+poisson(); [** ‘umﬂ’lﬂuq'u *k/
if (quene<=(frm-asub)) r*unanaluAaiid14auosnin Aloha subframe *+/
{

array{*pnt]->cutlpr=0;
Yelse if (queue>(frm-asub))  /**LUWANA TUAINIIUIUNINAT Aloha subframe *+/
{
array[*pnt]->pstate=0;
array[*pnt]->cutlpr=1;

array[*pnt]->nowsl=mkslot(array{*pnt]->tlast);
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a=arrtime(array[*pnt}->pstate,lam); [¥* uwmﬂﬁﬁgﬂd Almag
if (a==0.0)
{
array[*pnt]->nowsl=array{ *pnt]->nowsl+1;
a=arrtime(array| *pnt]->pstate,lam);
}
slc=array[*pnt]->nowsl+mkslot(a);
array[*pnt]->slottime=aloha(slc);
array[*pnt]->tlast=0.0;
Irlss++;

goto exitlpr;

}
array[*pnt]->pstate=0;
tcnt=t;:nt+array[*pnt]->tlast-array[*pnt]->gent; [%* nmﬁwm *%/
if (*pnt==40)
{
s+t
sttn10[s]=array[ *pnt]->tlast-array[ *pnt]->gent;
fprintf{rsv1,"\n%.4f " sttn10[s]);
3
/** 14N Variance **/
tv=tv+((array[ *pnt]->tlast-array[ *pnt]->gent)*(array[ *pnt]->tlast-array[ *pnt]->gent));
tmpl++;
if (tmp1==30) tmp1=0;
cntd=cnt4-+array[*pnt}->coll;
cnt3++;
array[*pnt]->pstate=0;
array[ *pnt]->coll=0;
array[*pnt]->nowsl=mkslot(array[*pnt}->tlast);

a=arrtime(array[*pnt]->pstate, lam);
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if (a==0.0)
{
array[*pnt]->nowsl=array[ *pnt]->nowsl+random(3);
a=arrtime(array[*pnt]->pstate,lam);
}
array[ *pnt]->gent=(array[*pnt]->nowsl*tslot)+a;
slc=mkslot(array[*pnt]->gent);
array[ *pnt]->slottime=aloha(slc);
array[*pnt]->tlast=0.0;
exitlpr:;
} else
if (array[*pnt]->pstate==1) /¥* cnt0=1 LDY state=1 **/
{
cnt2=cnt2+cnt0;
array[*pnt]->tlast=tslot+(array[ *pnt]->slottime*tslot)+(2*pdelay)+(2*proc);
if (randm()>1pr)
{
Irct++; /e unanansnvesdoyaifivunalng) =
queue=queue-+poisson(); [** meﬂﬂd U **/
if (queue<=(frm-asub)) unana luali$1uuTosn Aloha subframe **/
{
array([*pnt]->cutlpr=0;
}
else if (queue>(frm-asub))
{
array([*pnt]->pstate=0;
array[*pnt]->cutlpr=1;
array[ *pnt]->nowsl=mkslot(array[*pnt]->tlast);
a=arrtime(array[*pnt]->pstate,lam); [ uwmﬂm'ﬁgﬂtfﬂnﬁ *x/
if (a==0.0)
{
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array[*pnt]->nowsl=array[*pnt}->nowsl+1;
a=arrtime(array[*pnt]->pstate,lam);
}
slc=array[*pnt]->nowsl+mkslot(a);
array[*pnt]->slottime=aloha(slc);
array|[*pnt]->tlast=0.0;
Irlss++;

goto exitlprl;

E4
tent=tcnt+array[ *pnt]->tlast-array[*pnt]->gent; /** (IRIVIIRUA **/
if (*pnt==40)
{

s+t
sttn10[s]=array[*pnt]->tlast-array[ *pnt]->gent;
fprintflrsvl,"\n%.4f ",sttn10[s]);

}

/%% §IUIUAT Variance **/

tv=tv+((array[ *pnt]->tlast-array{ *pnt]->gent)*(array[ *pnt]->tlast-array[ *pnt]->gent));
array[*pnt]->pstate=0;
tmp1++;
if (tmp1==30)
{
fprintf(rsvl,"\n");
tmp1:=0;
}
cnt4=cntd-+array[*pnt]->coll; rex $rauniaiiAans g *+/
cnt3++;
array[*pnt]->coll=0;
array[*pnt}->nowsl=mkslot(array[*pnt}->tlast);

a=arrtime(array[*pnt]->pstate,lam);



if (a==0.0)

{
array[*pnt}->nowsl=array[*pnt]->nowsl+random(3);
a=arrtime(array[*pnt]->pstate,lam);

}

array[ *pnt]->gent=(array[*pnt]->nows]*tslot)+a;

sle=mkslot(array[*pnt]->gent);

array[*pnt]->slottime=aloha(slc);
array[*pnt]->tlast=0.0;

exitlprl:;

}
pnt++;
}  /** END WHILE **/
} /** END else if (cntO==1) **/

else if (cnt0>1) [H* ﬁi‘i“m'nm1ﬂnimﬁquwmﬂﬂqndxﬁfu1uﬂﬁamif *f
{
while (*pnt!=user+1)
{
if (array[*pnt]->p<tate==0) [**cnt0>1 QY State = 0 **/
{

array[*pnt]->coli=array[*pnt]->coll+1;
array[*pnt]->pstate=1;
array|[*pnt]->tlast=tslot+(array[*pnt]->slottime*tslot}+(2 *pdelay)+(2 *proc);
array[*pnt]->nowsl=mkslot(array{*pnt}->tlast);
a=arrtime(array[ *pnt]->pstate, lam);
if (a==0.0)
{
array[*pnt]->nowsl=array[ *pnt]->nowsl+1;
a=arrtime(array[ *pnt]->pstate,lam);
}

slc=array[*pnt]->nowsl+mkslot(a);
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array[ *pnt]->slottime=backlg(slc,lam);
}
else if (array[*pnt]->pstate==1) /**cnt0>1 110 State =1 **/
{
array[*pnt]->coll=array[*pnt]->coll+1;
array(*pnt]->pstate=1;
array[ *pnt]->tlast=tslot+(array[ *pnt]->slottime*tslot)+(2 *pdelay)+(2*proc);
array[*pnt]->nowsl=mkslot(array[*pnt]->tlast);
a=arrtime(array[*pnt]->pstate,lam);
if (a==0.0)
{
array[*pnt]->nowsl=array[*pnt]->nowsl+1;
a=arrtime(array[ *pnt}->pstate,lam);
}
sle=array{*pnt]->nowsl+mkslot(a);
array[*pnt]->slottime=backlg(slc,lam);
r+* Samssevesaniiudindoniusgas Aloha Subframe **/
}
pnt++;
} /** END WHILE *¥/
} /** END else if (cnt0>1) **/
stop_slot ;
pnt=NULL; tmp=NULL;
cnt0=0;
if (percent(slot)==0.0)
queue=0;
}
poxx Fuugansangy (adond 20,000)54/55%/
chki=tv/cnt2;
printf"q=%.3£,tv="%.2f,ct=%d,t/c=%.2f:td1=%.2f:thp=%.3f:dly=%.3fn"
Jam,tv,cnt2,chk1,tent,thuput/(sl/2.0),tent/cnt2);
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tvar=(tv/cnt2)-((tent/cnt2)*(tcnt/cnt2));
printf("lpri=%d:ct-lpri=Y%d:tvar1=%.31f" Irlss,cnt2-lrlss tvar);
tvar=(tv/cnt2)-((tcnt/(cnt2-1rlss))*(tcnt/(cnt2-Irlss)));
printf(":dly=%.31f:tvar2=%.31f:thp1=%.3f\n" tent/(cnt2-Irlss),
tvar,(thuput-Irlss)/(sl/2.0));
for (i=0;i<user;i++)
if (array[i]->pstate==1) cntl++;
Jekrkrenrkxkknk CLOSED POINT***#k sk sk ik sksok/
for(i=0; i <user;i++)
farfree( array[i]);
/**************** START SIMIJLA'I'ION FOR lo'h STATION **************/
fprintf(rsv1,"\n");
tmp 1=mg1(lam);
fprintf(rsv1,"\n");
for (i=1;i<=tmp1;i++)
fprintf(rsv1,"%.31f\n",mg1q[i]);
JERER R R AR R % QTOP SIMULATION *** %4 kkkkkk ok
fclose(rsvl);

} /** END MAIN **/

e RafSudmiusnesmsdaunanaluudazaail Taoldiulawgluuvesdiaes =
float arrtime(int stat,float lamd)
{

float data,gent;

float lamda_a,lamda _r;
lamda_a=lamd/(tslot*frm); /* New message rate pér slot*/
lamda_r=lamdar/(tslot*frm); /* Backlogged message rate per slot*/
data = randm();

if (data<=0.0) data=0.00001;

if (stat==0)

gent=(-1/lamda_a)*log(1-data);



else if (stat==1)
gent=(-1/lamda_r)*log(1-data);

return(gent);

#* Hasgudmiudalinmsdumainaey1ugiaves Aloha Subframe **/

long int aloha(long int dat)
{
float frac,num,num1i;
int a,ingerl;
long int inger,newslot;
double integer,integerl;
num=dat/frm;
frac = modf{num,&integer); inger=(int) integer;
if (frac*frm)>asub)
{
numl=randm()*10;
inger1=(int) integer1;
newslot=(inger*frm)+frm-+ingerl;
}
else if (frac*frm)<=asub)
newslot=dat;
return (newslot);

}

r+* fandudmiumoungmssiaugiuuvyesiliyes

int poisson(void)
{

int n;

float z,ran;

n=0;
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ran=randm();

while (ran<=0.0) ran=randm();
z=(-1.0/arr)*log(ran);

while (z<1.0)

{
ran=randm();
while (ran<=0.0) ran=randm();
n=n+1; z=z+((-1.0/arr)*log(ran));
}
return(n);
}

px Slafsudmduiassmsfauuy MG/ audldmsiaduuuuilsemanesiizoooo
timeslot 'lﬁ’i‘imau?;ﬁﬂd'lu mglqf] **/
int mg1(float grate)
{
intn;
float z,ran;
=0; L
randomize();
ran=randm();
while (ran<=0.0) ran=randm();
z=(-1.0*frm/(grate*s1))*log(ran); [* "grate/frm" : packet per timeslot */
mglq[n+1]=z*s1*0.035;
while (z<1.0)
{
ran=randm();
while (ran<=0.0) ran=randm();
n=n+1; z=z+((-1.0*frm/(qrate*sl))*log(ran));
mglqg[n+1]}=z*s1*0.035;
}
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printf{("mg1=%d:",n);
return(n);

}

e+ HadsudmiumsSanmsdvesaaiiudindenluaie Aloha Subframe **/
long int backlg(long int dat,float lam1)
{
float frac,num;
int tem;
long int inger,newslot,datl;
double integer;
datl=dat;
num=dat1/frm;
frac = modf{num,&integer); inger=(int) integer;
if ((frac*frm)>asub)
{
while ((frac*frm)>asub)
{
tem=mkslot(arrt(1,lam1));
datl=datl+tem;
num=dat1/frm;
frac = modf{num,&integer); inger=(int) integer;
}
newslot=dat];
} else if (frac*fim)<=asub)
newslot=datl;

return(newslot);

}

e’q'a o Ly o Py ' r-% =y ]
e fassudmdunssassmsiaunana luudazaniil Tasldnsfaluudazaoiiduly

mugtuuvyeilines *+/



float arrt(int stat,float lamd)
{
float data,gent,cal;
float lamda_a,lamda _r;
lamda_a=lamd/(tslot*frm);
lamda_r=lamdar/(tslot*frm);
data=randm();
if (data<=0.0) data=0.00001;
if (stat==0)
gent=(-1/lamda_a)*log(1-data),
else if (stat==1)
gent=(-1/lamda_r)*log(1-data);
return(gent);

}

Y o w : o
r+* Fasdudmiumsaingnnamugliunvesaion =/

long int mkslot(float gentime)

{

float frac,num;

long int inger;

double integer;

num=gentime/tslot;

frac = modf{num,&integer); inger=(long int) integer;
if (frac>0.0) inger=inger+1;

return (inger);

}

float percent(int slott)
{
float frac,num;

double integer;
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num=slott/frm;
frac = modf(num,&integer);
return (frac);

}

float randm()
{
float f;
int 1,);
j=rand() % 10;
for(i=0; i<=j; i++)
{
rand1(); rand2();
}
f=(float) rand1();
if (f<=0.55) return rand2();
else if (£0.55) return rand1();
}

float rand1()

{

static long int a=100001;
static char once=1;
int z;

int i=0,inger;

float frac,num;
double integer;
z=rand() % 100;
while (z<=0)

{

it++;
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num=(rand2()*10.0);
frac = modf(num,&integer); inger=(int) integer;
z=random (100)+inger-10;
}
if (once) {
a=(long) z*1000;
once=0;
}
a=(a*125)%2796203;
return (float) a/2796203;
}

float rand2()
{
static long int a=1;
static char once=1;
int z;
int i=0;
z=rand() % 100;
while (z<=0)
{
i++;
z=rand() % 100;
}
if (once) {
a=(long) z*1;
once=0;
}
a=(a*32719+3)%32749;
return (float) a/32749;
}
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File “MG_C”»

#include <stdio.h>
#include <math.h>
#define t5 21
#define inf 999.0
#define satd 0.028875
#define satcp 2.857
#define satv 0.23633
static double cpl[t5],preveplt5];
static double d[t5][t5],rq[t5][t5];
static double calf{t5],sumf[t5];
struct defl {
int num;
int scef[t5];
int destft5];
int path[t5][t5];
double Ingth[t5];
b
struct def2 {
int start;
int stop;
int sat;
b
static struct defl spath;

static struct def2 link[t5];

double avdlay(double x,int nl);
void dijkst(int n);
double min{double a,double b);

double Ingth(int mssg,int sat,double flow,double cpa);

/+ amuanat laemfgusassuua1 ey */
/* oasimsuoanmuualddmsuudazaai */

/% a5 579 MU IR VBTV VAT INBY */
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int adjcp(int n);
void adjf(int nl);
double chdlay(int sat,double f,double c);

main()
{
FILE *fdtxt;
double r,prevd,currd,t7,sumrq,temp_db;

float packet;

int t0,t6,i,j,node,len,s,t,msg,nlink,cflag,lstlink[t5][t5],temp,cnt;

if ((fdtxt = fopen("d:fdtxt.txt", "wt"))== NULL)
{

fprintf{stderr, "Cannot open input file.\n");

exit(1);

}
clrser();
prevd=0.0; currd=0.0;
msg=1;
link{0].sat=999.0;

/**********ﬁWﬂuﬂTﬂiqﬁ%’Ni}i’NLﬂ%lﬂ"U"lﬂ**********/

printf("How many nodes ? : ");
do {

scanf("%d",&node); fflush(stdin);
} while(node<=0);
if (node>t5)

printf{("%d > %d\n",node,t5);
else

for (i=1;i<=node;i++)

{

for (j=1;j<=node;j++)
{
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d[i][j}=inf; /** Clear Link’s cost **/
Istlink[i][j}=0; /** Clear Link’s capacity **/
}
d[i][i]=0; rq[il[1=0; /** Clear Link’s parameter **/
}

printf("Enter link in the form: Start Finish \n");
printf("Enter: 0 0 to finish\n");
t6=0;
do {
t6++;
do {
printf("Link Number %d :",t6 );
scanf("%d %d",&i,&j); fflush(stdin);
if ((i>node)}|(j>node))
printf("Node number is too large. try again\n");
if ((i<0)]|(5<0))
printf(*Node number is too small. try again\n");
} while((i<0)||(i>node)}|(j<0)||(G>node));
/**********1&141“15‘]531618%*************/
if (i'=0)
{
link[t6].start=i; link[t6].stop=j;
Istlink[i][j]=t6;
do {
printf("Is this sattellite link ?(1-yes,0-no) : ");
scanf("%d",&temp); fflush(stdin);
link[t6].sat=temp;
if ((link[t6].sat!=0)&&(link{t6].sat!=1))
printf{"Incorrect number! Try again :");
} while ((link[t6].sat!=0)&&(link[t6].sat!=1));
if (link[t6].sat==0)
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{
do {
printf("Capacity of this landline : ");
scanf("%If",&t7); fflush(stdin);
} while (t7==0);
cplit6}=t7; prevep{t6]=t7;
}
else if (link[t6]).sat==1)
{
cpl[t6]=satcp; prevep[t6]=satcp; Ehe
}
t7=0.0;

calf[t6]=0.0; sumf[t6]=0.0;
/#* fivuanuud Tiuluuda Link **/
d[i][jl=Ingth(msg,link[t6].sat,calf[t6],cp1[t6]);
}
} while((i'=0){|G!=0));
temp=0;
nlink=t6-1;
printf("The network matrix has pattern as follows :\n");
for (i=1;i<=node;i++)
{
for (j=1;j<=node;j++)
{
printf("%.3f",d[11);
if (link[istlink[i][j]].sat==1)
printf("(S) ");
else if (link[Istlink[i][j]].sat==0)
printf("(L) ");
else printf("(-) ");
}



printf("\n");
H
getch();
printf("\n");
for (i=1;i<=nlink;i++)
{
printf{("link#%d : s=%d , t=%d :",i,link[i].start,link[i].stop);
printf(" length=%.4f\n",d[link[i].start][link[i].stop]);
}
fprintf(fdtxt,"\nBefore operating the system :");
cflag=adjcp(nlink); /#* J5uanugueeresdaa i luudag Link **/
fprintf(fdext,"\n1st Setting trunk speed rate.\n");
printf("\ncp1[8]1=%.3f\n",cp1{8]);
for (i=1;i<=nlink;i++)
{
temp_db=chdlay(link[i].sat,calf[i],cp1[il);
fprintf{fdtxt,"Link#%d Traffic=Y%.41f:Link Speed=%.41f:Cost[%d][%d]=%.3f
:Delay=%.31f\n",i,calf[i],cp1[i],link[i].start,link[i].stop,d[link[i}.start][link[i].stop]);
currd+=temp_db; e dnnammina lnmaovessuys
}
fprintf(fdtxt,": Total Dlay=%.4f\n",currd);
printf("\p#+* ks RRRRR ),
dijkst(node); /e Rosandunadiniiga
o+ fmuanazlda s iime fveudunsfideamsiinisan #+
printf("How many shortest path do you want ?: ");
scanf("%d",&t6); fflush(stdin);
spath.num=t6;
sumrg=0.0;
fprintf(fdtxt,"\nInput traffic and Find shortest path.\n");
for (i=1;i<=spath.num;i++)

{
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do {
printf("\nType: Source Destination Traffic :");
scanf("%d %d %lf",&s,&t,&r); fllush(stdin);
if ((s>node)||(t>node))
printf("Node number is too large. try again\n");
if ((s<1)||(t<1))
printf("Node number is too small. try again\n");
if (s==t)
printf("Source and destination are the same. try again\n");
} while((s==t)&&(s<1)&&(t<1)&&(s>node)&&(t>node));
printf("s=%d : t=%d : rq=%.3f",s,t,r);
spath.sce[i]=s; spath.dest{i}=t; rq[s][t}=r;
sumrq+=r;
}
fprintf(fdtxt,"\n");
dijkst(node); /e Ansadumeiiatiaa =/
for (i=1;i<=spath.num;i++)
{
fprintf(fdtxt,"spath.path(%d] :",i);

=0
while (spath.path[i]{j]!=512) /%% 5IVAOULAGL Shortest Path **/
{
fprintf(fdtxt,"-%2d" spath.path[i]{j]);
it
}
fprintRfdtxt," Total cost[%d] =%.3f\n",i,spath.Ingth(i});
}

for (i=1;i<=spath.num;i++)

if (rq[spath.sceli]][spath.dest[i]]>0)
{
1=0;
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/A USua calfl] luusaz Link **/
while (spath.path[i](j1!=512)
{
temp=Istlink[spath.path[i][j]}{spath.path[i](j+1]];
if (spath.path[i]{j]!=512)
calf{temp]+=rq[spath.sce[i]][spath.dest[i]];
if (spath.path[i](j+1]!=512)
fprintf(fdtxt,"link[%d]}[%d]=%d: Assigned traffic[%d][%d]=%.3If:Taffic flow[%d]=
%.31f\n",spath.path[i][j],spath.path[i]{j+1],temp,spath.sce[il,spath.dest[i],rq[spath.sce [i]]
[spath.dest[i]],temp,calf{temp]);
it
}
}
fprintf(fdtxt,"BEFORE LOOP\n");
for (i=1;i<=nlink;i++)
{
fprintf(fdtxt," link#%d Traffic=%.41f:Link Speed=%.41f",i,calfli},cp1[i],D;
fprintf(fdtxt,":Cost[%d][%d}=%.3f\n" link[i].start,link[i].stop,d[link[i].start][link[i].stop]);
}
cflag=adjcp(nlink); /% 15U Service rate Tut@ag Link **/
fprintf(fdtxt,"\nAdjust Link Speed\n");
for (i=1;i<=nlink;i++)
{
fprintf(fdtxt," link#%d Traffic=%.41fLink Speed=%.41f" i,calfli],cp1[il,);
fprintf(fdixt,":Cost[%d][%d}=%.3f\n" link[i].start,link[i].stop,d{link{i].start][link[i].stop]);
}
prevd=9999.0;
for (i=1;i<=nlink;i++)
currd+=chdlay(link[i].sat,calffi],cp1[il);
fprintf(fdtxt,"éﬂag=%d:Start Delay=%.1f min: Total Delay=%.8f min\n\n",cflag,prevd,currd);

+* Sudumsaugy **/
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cnt=0;
while ((cflag==1)&&((prevd<currd)||(prevd-currd)>0.0000001))
{

cutt++;

fprintf{fdtxt,"\nSTART LOOP(%d)\n",cnt);

for (i=1;i<=nlink;i++) /#* 1df1 Cost YOUARZIFUN *+/
{
d[link[i].start]{link[i].stop}=lngth(msg,link[i].sat,calf[i],cp1[i]);
sumf[i}=0.0;
}
dijkst(node); A insandunaiiaiia =/

for (i=1;i<=spath.num;i++)
{
fprintf{fdtxt,"spath.path[%d] :",i);

=0;
while (spath.path[i][j]!=512) /** 1599891 Shortest Path **/
{
fprintf{fdtxt,"-%d" spath.path[i](j]);
it
}
if (rq[spath.sce[i]][spath.dest[i]]>0)
{
=0
while (spath.path[i](j]!=512) /** A3IADUUART Shortest Path **/
{

temp=Istlink{spath.path[i][j]][spath.path[i][j+1]];
if (spath.path[i]{j1'=512)
sumf{temp}+=rq[spath.sce[i]][spath.dest[i]];
JH
}
fprintf{fdtxt," Cost of Shortest Path No.%d = %.3f\n",i,spath.Ingth[i]);
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}
}
fprintf(fdtxt,"%dst Setting traffic in each link and Adjusting trunk speed\n",cnt);
adjf(nlink); +* J3usasimsindaluusas Link */
if (cflag==1)

cflag=adjcp(nlink); /#* 15V Service rate TunAaz Link **/

prevd=currd;

currd=0.0;
for (i=1;i<=nlink;i++) /#* TaAn Cost YBAARZIFUNIG **/
{
d[tink[i].start][link[i].stop]=Ingth(msg,link[i].sat,calfli],cp1[i]);
sumf[i}=0.0;
}

for (i=1;i<=nlink;i++)
{
temp_db=chdlay(link[i].sat,calfli],cp1[i]);
fprintf(fdtxt,"Link#%d Traffic = %.31f : Link Speed = %.31f :Delay=%.31f"
J,calffil,cpl[i],temp_db);
currd+=temp_db; % duasmizana Tnemdovesssunt/
fprintf{fdtxt,":Cost[%d][%d])=%.5f\n"
link[i].start,link[i].stop,d[link{i].start]{link[i].stop]);
}
currd=currd/sumrgq;
fprintf(fdtxt," Average Dlay=%.9f\n",currd);
}
Jxx éuqamswgﬂ %/
cflag=adjcp(nlink); /#* 151 Service rate Tui@ae Link **/
fclose(fdtxt);
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void adjf(int nl)
{
double x0,x1,x2,x3,x4,x5,10,f1,2,13,f4, 15, factor,temp;
int 1ij;
x0=0.0; x2=0.2; x4=0.4;
f0=avdlay(x0,nl);
f2=avdlay(x2,nl);
f4=avdlay(x4,nl);
fprintf(fd,"SP1x0=%.31f:f0=%.51f:x2=%.31f:£2=%.51f:x4=%.31f:f4=%.51f\n"
,x0,f0,x2,12,x4,14);
while ((x4-x0)>0.000001)
{
x1=(x0+x2)/2; fl=avdlay(x1,nl);
x3=(x2+x4)/2; f3=avdlay(x3,nl);
if (fo<=f1)||(f1<=£2))
{
x4=x2; f4=12; x2=x1; £2=f1;
} else
if (f2%=f3)
{
x0=x1; x4=x3; f0=f1; f4=£3;
} else
{
x0=x2; x2=x3; f0=12; £2=f3;
}
}
if (f0<=12)& &(f0<=f4))
factor=x0;
else if (f2<=f4)
factor=x2;

else



factor=x4;

for (i=1;i<=nl;i++)

{
temp=calfli];
calffi}=(factor*sumf[i])+((1-factor)*temp);

}

fprintf(fd,"\n");

}

double avdlay(double x,int nl)
{

int i;

double flow[t5],dlay[t5],serv;

double avrt,t,tot;

for (i=1;i<=nl;i++)

{
flow[i]=(x*sumfli])+((1-x)*calfli]);
if (cp1liJ<=flow[i])

{
dlayfi]=999.0;
}
else if (cp1[i]>flowfi])
{
if (link[i].sat==0)
{
dlay[il=1/(cp1[i]-flow(il);
} else if (link{i].sat==1)
{
if (flow[i]>satcp)
{
dlay[i}1=999.0;
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} else if (flow[i]<=satcp)

{

t=2*(1-(satd*satd*flow[i]));
tot=satd+(flow[i]*satv*(1+satd));
dlay[i]=(satd/2)+(tot/t);

}

}
}
avrt=0.0;
for (i=1;i<=nl;i++)
avrt=avrt+dlay[i];
return(avrt);

}

void dijkst(int n)
{
int t8,t0,i,j,p,s,t,t9,count;
int q[t5],0[t5],r{t5];
double t4,1[t5],temp;
for (i=1 ;i<=n;i4—f) olil=0;
for (count=1;count<=spath.num;count++)
{
s=spath.sce[count];
t=spath.dest[count];
for (i=1;i<=n;i++)
{
i[i}=inf;
qli}=0;
}
qls}=1; 1[s]=0;
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p=s;
do {
for (i=1;i<=n;i++)
if (q[i}'=1)
I[i}=min(Ifi],1[p]+d[p]{i]);
p=0; t4=inf;
for (i=1;i<=n;i++)
if ((q[il'=1)&&(t4>=1[i]))
{
p=i; t4=l[i];
}
qlpl=1;
} while(q[t]!=1);

for (j=1;j<=n;j++)

if (q[jl==1)
for (i=1;i<=n;i++)
{

temp=1[i}+d[i](j];
if ((i'=))&&(1[j]==temp))
{
ifjl=i;
if (d[i){j]>=inf)

printf("No path connection between %d and %d\n",1i,);

}

}
t8=t5; o[t8]=t; i=rt];
while (i'=s)
{

t8=t8-1; o[t8]=i; i=rli);
}
spath.path[count][0]=s;
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=L

for (i=t8;i<=t5;i++)

{
spath.path{count][j]=o[i];
R

}

spath.path[count][j}=512;

spath.Ingth[count]=][t];

double min(double a,double b)
{

double z;

if (a<b) z=a; else z=b;
return(z);

}

double Ingth(int mssg,int sat,double flow,double cpa)
{
double u;
if (sat==0)
{
u=1-(flow/cpa);
return((mssg/cpa)/(u*u));
}
fex*¥x SATELLITE LENGTH *****%*/
else if (sat==1)
{
u=1-(flow/cpa);

return((mssg/cpa)/(u*u));



int adjep(int n)
{
double fact,temp;
int i;
fact=1;
for (i=1;i<=n;i++)
{
temp=1.02*calfli}/prevcpli];
if (fact<temp)
fact=temp;
}
for (i=1;i<=n;i++)
{
if (link[i].sat==0)
cpl{i]=fact*preveplil;
else if (link[1].sat==1)
{
cplli]=fact*preveplil;
}
}
if (fact>=1)
return(1);
else

return(0);

#

double chdlay(int sat,double f,double c)

{
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double t,tot,totl;
if (sat==0)
{
tot=1/(c-f);
return(tot);
}
else if(sat———l) JEEERERRRRRR QAT DAY *Fksdonkkskk*/
{
if (f>satcp)
return(999.0);

else if (f<=satcp)

totl=satd;

t=2*(1-(totl *tot1 *£));
tot=tot1+(f*satv*(1+totl));
return((tot1/2)+(tot/t));

}
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ﬂ'li'lﬂﬁ 4
gas 3 Simulation Numerical
(Packet/frame) | Avgdelay | Thuput | Variance | Avgdelay [ Thuput | Variance

0.001 0.713 0.003 0.04 0.579 0.006 1.27

0.002 0.916 0.007 1.194 0.582 0.012 1.31

0.003 0.734 0.012 0.057 0.584 0.017 1.354
0.004 0.801 0.015 0.321 0.587 0.023 1.398
0.005 0.822 0.02 0.431 0.589 0.029 1.447
0.006 0.853 0.024 1.133 0.592 0.034 1.497
0.007 1.011 0.028 0.921 0.596 9.04 1.547
0.008 0.779 0.03 0.572 0.599 0.045 1.601
0.009 0.874 0.036 1.326 0.603 0.051 1.655
0.01 0.989 0.039 1.615 0.607 0.056 1.714
0.02 1.1 0.074 2.712 0.659 0.105 2418
0.03 1.193 0.104 4.481 0.735 6.139 3.379
0.04 1.456 0.128 8.033 0.86 0.163 4981
0.05 1.611 0.151 8.019 1.046 0.176 7.46

0.06 1.864 0.167 9.24 1.229 0.182 10.02
0.07 2.095 0.178 12.14 1.47 0.179 13.56
0.08 2.268 0.189 13.6 1.729 0.177 17.58
0.09 2.543 0.194 16.24 1.999 0.172 22,01
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M319T 4 (@10)
8031137 Simulation Numerical
(Packet/frame) | Avgdelay | Thuput | Variance | Avgdelay | Thuput | Variance

0.1 2.783 0.196 18.85 2.275 0.165 26.74
0.2 4.762 0.17 40.89 4,422 0.132 70.04
0.3 5.919 0.147 58.32 5.53 9.115 96.35
0.4 6.639 0.137 69.49 6.229 0.114 114.2
0.5 7.035 0.127 78.55 6.312 0.103 116.4
0.6 7.378 0.123 85.92 6.67 0.104 125.9
0.7 7.561 0.118 89.03 6.812 10.102 129.8
0.8 7.704 0.116 90.87 6.747 0.098 128
0.9 7.719 0.117 90.65 6.747 0.103 128

1 7.719 0.117 90.65 6.747 0.103 128

ueras msnlSouifivunavesseedyanaarifionii ldnnaunis Tuaauazmsiiasssuy

= I 1 o { i1
TaoldTlsunsuneuiumes nonsIMsINavesdoyad19qAuaINUNN3 1A Max User = 50

f137 'Nﬁ 5
805137 Simulation Numerical
(Packet/frame) | Avgdelay | Thuput | Varance | Avgdelay | Thuput | Variance
0.001 0.702 0.005 0.046 0.581 0.006 1.29
0.002 0.772 0.011 0.18 0.584 0.012 1.356
0.003 0.76 0.016 0.125 0.588 0.017 1.426
0.004 0.821 0.022 0.992 0.593 0.023 1.499
0.005 0.81 0.029 0.447 0.598 0.029 1.579
0.006 0.882 0.034 0.814 0.603 0.034 1.664
0.007 0.94 0.039 1.147 0.61 0.04 1.752
0.;008 0.916 0.046 1.318 0.616 0.045 1.848
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AN 5 (AD)

$nsus7 Simulation Numerical
(Packet/frame) | Avg delay | Thuput Variance | Avgdelay | Thuput Variance

0.009 0.956 0.051 147 0.624 0.051 1.946
0.01 0.988 0.059 1.179 0.631 0.056 2.052
0.02 1.293 0.105 9.598 0.764 0.102 3.757
0.03 1.569 0.143 14.91 1.163 0.124 9.073
0.04 1.951 0.173 14.13 1.514 0.149 14.23
0.05 2.406 0.187 21.07 1.983 0.164 21.73
0.06 2.947 0.194 26.2 2.511 0.173 30.95
0.07 3.46 0.194 28.77 3.083 0.179 41.75
0.08 3.941 0.186 33.32 3.871 0.168 57.92
0.09 4.609 0.175 40.59 4.599 0.158 74.07
0.1 5.183 0.163 48.71 5.303 0.147 90.75
0.2 9.556 0.1 130.7 8.913 0.11 191.1
0.3 11.57 0.073 181.2 10.33 0.102 236.8
0.4 12.54 0.073 211.7 10.72 0.09 250.1
0.5 12.99 0.067 243.4 11.43 0.094 274.6
0.6 13.62 0.063 248.2 . 11.82 0.094 288.6
0.7 13.97 0.063 256.6 11.9 0.091 2901.6
0.8 14.16 0.063 261.8 12.59 0.098 316.9
0.9 14.34 0.063 265.5 12.22 0.09 303.1
1 14.34 0.063 265.6 12.22 0.103 303.1

waas Msufisufisunavesresdyanaarifioni ldennaums lumaazmssiassssyy

a A o t o ~ a
Tael¥dsunsunpuiinnesionsmsndavesdoyadregAusinuni 3 A1 Max User =75
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ﬂ'li'l\?ﬁ 6
8a3 32 Simulation Numerical
(Packet/frame) | Avgdelay | Thuput Variance | Avg delay Thuput Variance
0.001 0.8439 0.0062 1.0368 0.582 0.008 1.3123
0.002 0.8324 0.0144 0.4241 0.587 0.016 1.4034
0.003 0.7784 0.0224 0.6031 0.593 0.023 1.5024
0.004 0.8434 0.0304 0.7287 0.6 0.031 1.61
0.005 0.8478 0.038 09112 0.608 0.038 1.7283
0.006 0.8771 0.0454 1.0327 0.617 0.046 1.8523
0.007 0.9603 0.0537 1.9998 0.627 0.053 1.9879
0.008 1.0707 0.0591 2.1636 0.638 0.06 2.133
0.009 1.1197 0.0655 4.5083 0.649 0.067 2.2908
0.01 1.1925 0.0736 2.8999 0.662 0.074 2.4568
0.02 1.5314 0.1328 17.775 0.877 0.132 5.2059
0.03 2.1586 0.1709 23.555 1.624 0.151 15.926
0.04 2.8329 0.1914 31.995 2.349 0.172 28.034
0.05 3.5964 0.1904 39.676 3.291 0.18 45.88
0.06 4.7907 0.173 52,208 5.081 0.153 85.598
0.07 6.0999 0.1522 67.177 6.659 0.137 125.63
0.08 7.4568 0.1325 93.018 8.153 0.122 168.03
0.09 9.1505 0.1066 123.03 9.308 0.116 203.5
0.1 10.24 0.0998 151.95 10.4 0.107 239.24
0.2 18.088 0.0463 407.86 15.79 0.08 444.57
0.3 20.591 0.0456 539.59 17.846 0.075 535.22
04 2191 0.0348 609.08 18.412 0.066 561.44
0.5 22.827 0.0318 655.85 18.716 0.061 575.64
0.6 23.388 0.0302 667.65 19.082 0.061 593.04
0.7 23.763 0.0303 691.31 19.029 0.057 590.47
0.8 23.785 0.0293 735.87 19.816 0.062 628.41
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Q15147 6 (9D)

o [ .
BATUID Simulation Numerical

(Packet/frame) | Avgdelay | Thuput Variance | Avgdelay | Thuput Variance

0.9 24.047 0.0288 722.74 20.56 0.062 665.18

1 24.047 0.0288 671.72 20.56 0.062 665.18

weras n1sulSeufsunavesresdayaiaauiioud ldninauns Tuwanazmsiiaesszyy

[

da o -

TaoldTdsunsunoufiauneiisnsinsnivesdeyadng funinunmi 3 fish

Max User =100
W]i'lﬂﬁ 7
gas152 Simulation Numerical
(Packet/frame) | Avgdelay | Thuput Variance | Avgdelay | Thuput Variance

0.001 0.797 0.01 0.314 0.583 0.01 1.335
0.002 0.781 0.019 0.47 0.59 0.02 1.453
0.003 0.826 0.029 0.669 0.598 0.029 1.584
0.004 0.843 0.04 1.56 0.608 0.039 1.729
0.005 0.995 0.049 0.909 0.619 0.048 1.89
0.006 1.06 0.056 1.313 0.632 0.057 2.066
0.007 1.007 0.065 1.962 0.647 0.065 2.256
0.008 1.1 0.074 2.387 0.663 0.074 2.464
0.009 1.185 0.082 6.887 0.68 0.082 2.691

0.01 1.181 0.09 8.341 0.7 0.09 2.9345

0.02 1.854 0.155 23.03 1.344 0.139 11.67

0.03 2.873 0.187 45.49 2.298 0.169 27.14

0.04 3.887 0.188 49.99 3.94 0.17 59.42
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8a3 52 Simulation Numerical
(Packet/frame) { Avgdelay | Thuput Variance | Avgdelay | Thuput Variance

0.05 5.892 0.157 70.76 7.21 0.132 140.8
0.06 8.858 0.114 127.9 10.07 0.112 228.1

0.07 12.6 0.08 224.3 12.46 0.1 312
0.08 16.22 0.057 365.1 14.68 0.089 398.3
0.09 19.52 0.049 471.1 16.37 0.084 469.3
0.1 21.59 0.04 606.9 17.95 0.078 540.1
0.2 32.34 0.039 1267 25.63 0.059 938.7
0.3 35.08 0.027 1382 28.52 0.054 1112
0.4 37.01 0.016 1556 29.31 0.048 1162
0.5 37.11 0.015 1727 29.74 0.045 1189
0.6 38.37 0.015 1704 30.25 0.044 1222
0.7 39.09 0.015 1848 30.17 0.042 1218
0.8 39.29 0.014 1868 29.57 0.038 1178
0.9 39.39 0.014 1921 30.36 0.04 1230
1 39.71 0.014 1896 32.31 0.04 1360

uaae NMsulSsudsunavessosduanuaiufionn ldnnaums lueaagmsiiaseszuy

TagldTsunsunounme

v o

I o

# Max User=125

INBAITINIINUIN

=2

ABedayAANa Y AAN9INUNT 3
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. a A 4y da X
wamssrmedluunit 4 Taslillsunsuiemmmizsinlngmasvesieyannauu

Tugoiinrunenlfsruumaufiad User = 50 naziidanimsundevesdeyaniagiv dsi

G'l’li'lx‘iﬁ 8
ﬂ% Qﬁ 914U packet Maximum Minimum Avg Delay
1 2 1.14 0.94 1.04
2 2 0.59 0.56 0.57
3 2 0.99 0.57 0.78
4 2 0.57 0.56 0.57
5 2 0.87 0.58 0.73
6 5 1.14 0.58 0.76
7 2 0.92 0.57 0.74
8 4 1.05 0.57 0.74
9 3 0.59 0.57 0.58
10 3 1.14 0.56 0.95

uaAe HaNI$Iaeah SRIINSINDauBIdoYa : 0.005 packets/frame

ﬂ'li'l\i‘?; 9
S a o
ATIN VI1UIU packet Maximum Minimum Avg Delay

1 5 09 0.58 0.65
2 1 0.56 0.56 0.56
3 1 0.56 0.56 0.56
4 3 0.7 0.56 0.61
5 4 0.58 0.56 0.57
6 6 1.08 0.56 0.79
7 3 0.57 0.56 0.56
8 2 0.58 0.56 0.57
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a131971 9 (#0)
ﬂ% Gﬁ 971U7IU packet Maximum Minimum Avg Delay
8 2 0.58 0.56 0.57
9 2 1.12 0.56 0.84
10 2 0.57 0.56 0.56
11 5 0.99 0.56 0.73

uaas Hanss1aesil Sasinisuiieussdeya : 0.006 packets/frame

ﬁ'li'l\‘lﬁ 10
ﬂ%@‘?‘l U packet Maximum Minimum ‘ Avg Delay
1 5 1.14 0.58 0.76
2 5 1.04 0.56 0.75
3 8 1.08 0.56 0.68
4 8 1.02 0.56 0.77
5 6 1.13 0.56 0.76
6 3 0.57 0.56 0.56
7 5 0.94 0.69 0.82
8 6 1.22 0.56 0.7
9 6 1.17 0.57 0.81
10 4 0.9 0.56 0.72
11 9 1 0.56 0.67
e wan1sS1aeail 5n3INITINHUBITOYA : 0.007 packets/frame
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ﬂ'li'N‘l?'l 11

ﬂ% 0‘7; 91179 packet Maximum Minimum Avg Delay
1 4 0.9 0.56 0.66
2 5 1 0.56 0.66
3 5 0.89 0.58 0.73
4 5 1.11 0.56 0.74
5 5 0.95 0.57 0.65

. 6 5 0.97 0.58 0.75
7 5 0.89 0.56 0.66
8 3 1.07 0.56 0.74
9 6 0.89 0.56 0.63
10 6 0.99 0.56 0.71

werAd WanIsaeil Sasimsuntieussdoya : 0.008 packets/frame

ﬂ'li'l\'ii’d'l 12
ﬂ%s: Q‘ﬁ 314U packet Maximum Minimum Avg Delay
1 4 0.56 0.56 0.57
2 2 0.87 0.58 0.72
3 4 1.18 0.58 0.94
4 5 1.09 0.58 0.75
5 6 1.05 0.57 0.81
6 4 0.91 0.58 0.67
7 8 1.12 0.56 0.7
8 4 0.78 0.57 0.64
9 6 2.01 0.57 0.99
10 7 1.05 0.56 0.75

warae Wan1sS1aesi 8rIIMIIAIUDIToYA : 0.009 packéts/frame
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Gl'ﬁ'l\‘l‘?i 13
ﬂ%a: d‘ﬁ 31U packet. Maximum Minimum Avg Delay
1 11 1.28 0.56 0.73
2 9 0.89 0.56 0.67
3 9 1.16 0.56 0.88
4 6 0.87 0.58 0.7
5 10 1.03 0.56 0.73
6 11 1.03 0.56 0.7
7 8 1.07 0.56 0.79
8 6 1.11 0.56 0.86
9 6 1.13 0.56 0.72
10 8 0.93 0.56 0.7 -

ueas wansdiaesh Sasimsudevesdioya : 0.01 packets/frame

ﬂ'li'l\i‘Vdi 14
ﬂ‘?’ W; 919U packet Maximum Minimum Avg Delay
1 11 1.55 0.56 0.87
2 10 2.85 0.57 1.04
3 12 1.22 0.57 0.79
4 17 1.05 0.56 0.7
5 18 1.23 0.56 0.76
6 13 2.48 0.56 0.91
7 10 4.07 0.56 0.96
8 11 1.04 0.57 0.75
9 16 2.33 0.56 0.9
10 12 1.11 0.57 0.79

wera Han1s$1a0s dasIAITIRIYBIdaYa : 0.02 packets/frame
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ﬂ']i'l\iﬁ 15
s 4 o
ATIN 914U packet Maximum Minimum Avg Delay

1 20 2.68 0.56 1.07
2 20 1.38 0.56 0.81

3 18 1.47 0.56 0.85
4 24 4.23 0.56 0.88
5 13 1.13 0.56 0.81

6 24 3.71 0.56 0.89
7 20 1.13 0.56 0.7

8 20 4.54 0.56 0.85
9 16 3.07 0.56 0.93
10 19 5.29 0.57 1.15

ane wamss1aoi Ss1MsIBeveedioya : 0.03 packets/frame
GHTN‘?; 16
s 4 o
ATIN 3I1UIU packet Maximum Minimum Avg Delay

1 30 9.04 0.57 1.54
2 27 5.35 0.56 1.17

3 22 8.47 0.56 1.52
4 26 5.54 0.57 135
5 27 5.83 0.56 1.56
6 21 9.2 0.56 1.39
7 20 6.72 0.56 1.36
8 29 7.94 0.56 1.47
9 34 124 0.56 1.38
10 23 1.51 0.56 0.88

erae Wan3s1asei ensIMsuHavodeya : 0.04 packets/frame
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ﬂ'li'lx‘lﬁ 17
S 4 o
ATIN 971UIU packet Maximum Minimum Avg Delay
1 39 154 0.56 1.89
2 35 9.95 0.56 1.62
3 39 8.88 0.56 1.07
4 27 8.09 0.56 2.57
5 37 7.46 0.56 1.54
6 33 7.38 0.56 1.81
7 33 5.67 0.56 1.02
8 29 9.03 0.56 1.65
9 33 9.25 0.56 1.58
10 36 7.48 0.56 1.72
11 40 9.44 0.56 2.06
12 38 5.76 0.56 1.57
13 34 5.85 0.56 1.45
uaas wams$iaeedi Snsinsudaueadoya : 0.05 packets/frame
Gl'li"lxﬂél 18
ﬂé: m 911U packet Maximum Minimum Avg Delay

1 38 10.8 0.56 2.03
2 49 16.8 0.57 547
3 52 25.8 0.56 8.81
4 35 113 0.56 1.66
5 33 21 0.56 3.66
6 40 9.66 0.56 2.02
7 52 45 0.56 4.63
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133

ﬂ% \11?; 97U packet Maximum Minimum Avg Delay
8 47 11.5 0.56 44
9 47 443 0.56 5.42
10 37 20.5 0.56 441
11 36 8.29 0.56 2.44
12 38 14.4 0.56 1.75
13 47 44.3 0.56 542
14 33 5.18 0.56 1.25
15 50 26.3 0.56 5.52
16 50 26.6 0.56 5.58

LaAe HanIS1aei dnsINsundevesdoya : 0.06 packets/frame

ﬁ'li'l»i‘ﬁ 19
ﬂ%’ »‘lﬁ 14U packet Maximum Minimum Avg Delay
1 ‘ 55 53.6 0.57 14.2
2 46 97.5 0.56 31.6
3 53 84.4 0.56 14.9
4 52 152 0.57 40.6
5 35 9.84 0.56 2.09
6 37 59.2 0.56 123
7 55 106 0.57 13.2
8 58 26.9 0.57 6.2
9 55 61.6 0.56 8.08
10 58 26.9 0.57 6.2

uerae wansi1aneh sasinsudavssdoya : 0.07 packets/frame
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‘iﬂﬂﬂﬁ 20
ﬂ%’: \‘l‘ﬁ 914U packet Maximum Minimum Avg Delay

1 55 53.6 0.57 14.2
2 54 141 0.57 22.7
3 54 121 0.57 58

4 52 45.5 0.56 10.5
5 52 37.8 0.56 5.77
6 57 33.1 0.57 6.67
7 55 51.6 0.56 9.74
8 59 50 0.57 7.24
9 52 323 0.57 431
10 55 56.1 0.57 12.3

o ~ P v ' A ) a a
wamsaraedluuni 4 Inslillsunsuiemamiasmlamaaeve seianifav

Twaomianadfisnil¥sruumafioud User = 75 nasidanmsmndvesdoyaagiu dsi

uaas #anssaneil sas1nsudeueadeya : 0.08 packets/frame

v
=

A4

ﬁ'\i'lsiﬁ 21
S 4 .
ATIN 31UIU packet Maximum Minimum Avg Delay

1 3 0.87 0.56 0.72
2 3 0.62 0.59 0.63
3 2 0.59 0.56 0.56
4 1 0.85 0.56 0.68
5 1 0.93 0.56 0.71
6 3 0.84 0.56 0.73
7 3 0.94 0.56 0.67




A1319% 21 (AD)

AIIN 914U packet Maximum Minimum Avg Delay
8 2 1.59 0.56 0.80
9 4 1.03 0.56 0.72
10 2 0.88 0.56 0.56

werAe Wan13$1aeedl Sasimsunfieussdeya : 0.005 packets/frame

ﬂ'li'l\i"?; 22
o o o )
3N YTUIU packet Maximum Minimum Avg Delay

1 2 0.94 0.56 0.75
2 3 0.59 0.59 0.57
3 1 0.56 0.56 0.56
4 4 0.89 0.56 0.72
5 1 0.56 0.56 0.56
6 3 0.97 0.56 0.70
7 3 0.87 0.56 0.67
8 4 1.59 0.56 0.91
9 2 1.02 0.56 0.80
10 2 0.56 0.56 0.56

LaAs HaM3$1avafl dnsIMsunBvedeya : 0.006 packets/frame

A5 197 23
& 4 o
f33N 1UIU packet Maximum Minimum Avg Delay
1 3 0.59 0.56 0.57
2 3 1.10 0.56 0.74
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912U packet Maximum Minimum Avg Delay
3 4 0.96 0.56 0.66
4 5 1.25 0.57 0.86
5 S 0.85 0.56 0.63
6 9 1.26 0.56 0.72
7 6 0.58 0.56 0.57
8 4 0.98 0.57 0.68
9 7 1.57 0.57 0.83
10 5 1.57 0.57 1.01
werne wamsdiassii Sanmanevesdeya : 0.007
a1519di 24
ﬂ“ig a9 91UU packet Maximum Minimum Avg Delay
1 6 1.00 056 0.66
2 7 1.19 0.57 0.79
3 8 1.12 0.56 0.72
4 9 3.88 0.57 1.04
5 4 1.19 0.56 0.75
6 4 1.32 0.56 0.97
7 6 3.95 0.57 1.28
8 8 1.50 0.57 0.89
9 9 1.14 0.56 0.80
10 5 1.5 0.56 0.82

(Haag

HaNN3T 918037 dATININITeYBadeYD : 0.008 packets/frame
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ﬁ'li'lxﬂ‘?'l 25
ﬂ%’ Qﬁ 91UU packet Maximum Minimum Avg Delay
1 7 0.99 0.58 0.69
2 7 1.16 0.58 0.67
3 4 0.96 0.57 0.70
4 5 1.16 0.57 0.75
5 5 0.86 0.56 0.68
6 6 1.14 0.57 0.79
7 4 1.10 0.58 0.83
8 6 0.96 0.57 0.68
9 9 0.95 0.57 0.75
10 7 0.99 0.58 0.69

uaae Hamssrane Sasimsuntevesdeyn : 0.009 packets/frame

ﬂ'li'l\i‘ﬁ 26
S 4 o
AN 91U packet Maximum Minimum Avg Delay

1 8 1.02 0.58 0.77
2 8 1.07 0.56 0.73
3 7 1.12 0.58 0.80
4 7 0.87 0.56 0.68
5 3 0.87 0.57 0.77
6 5 0.87 0.58 0.75
7 10 1.18 0.57 0.82
8 6 0.87 0.56 0.67
9 6 1.22 0.58 0.87
10 8 1.87 0.56 0.95

nane Hans1assii oasInsuIdaussdeya : 0.01 packets/frame
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15197 27
ﬂ%ﬂj \‘l‘ﬁ 91U packet Maximum Minimum Avg Delay
1 15 1.99 0.56 0.80
2 12 3.52 0.57 0.92
3 12 1.07 0.56 0.76
4 13 1.27 0.56 0.85
5 11 1.27 0.56 1.03
6 15 1.27 0.56 0.74
7 21 1.15 0.56 1.03
8 8 1.24 0.57 0.89
9 15 1.3 0.57 0.75
10 15 3.24 0.57 0.95

ueae Wamssaesh Sasiasindavesdioya : 0.02 packets/frame

a31afi 28
ﬂ%a: ah 142U packet Maximum Minimum Avg Delay
1 19 9.29 0.56 2.10
2 25 4.53 0.56 0.99
3 18 4.18 0.56 1.37
4 17 9.29 0.56 1.22
5 14 2.62 0.56 1.12
6 25 9.60 0.56 211
7 21 4.87 0.56 1.49
8 10 8.53 0.57 1.65
9 18 6.10 0.56 1.51
10 20 8.80 0.56 1.65

werad wamssiaedh sasinsmntavesdeya : 0.03 packets/frame
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ﬂ'li’l\i‘?'l 29
ﬂgj dﬁ 97U packet Maximum Minimum Avg Delay
1 35 8.28 0.56 2.55
2 33 15.50 0.56 2.86
3 29 14.21 0.56 2.12
4 26 7.40 0.56 1.53
5 20 8.95 0.56 147
6 36 14.96 0.56 232
7 32 10.67 0.57 3.15
8 27 14.35 0.56 1.90
9 17 8.23 0.56 2.18
10 29 14.02 0.56 3.57

A Namitiaesdl sasnsudavesdoya : 0.04 packets/frame

A15797 30
ﬂé: Q‘ﬁ 91U packet Maximum Minimum Avg Delay
1 38 8.05 0.57 3.54
2 29 13.1 0.56 2.61
3 27 38.8 0.57 5.05
4 30 8.79 0.56 3.03
5 ) 37 13.9 0.56 2.36
6 31 13 0.56 2.50
7 35 30.05 0.57 341
8 29 12.21 0.56 3.32
9 33 16.72 0.56 3.29
10 32 19.95 0.56 3.02
uaras wams$1aesdi Sasn1suIBevesdeya : 0.05 packets/frame
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(31151\1‘7; 31
ﬂ"i:: Qﬁ 914U packet Maximum Minimum Avg Delay
1 22 56 0.56 29.1
2 34 29.7 0.56 8.8
3 32 422 0.56 14.6
4 30 31.5 0.56 174
5 25 34.5 0.56 12.1
6 27 51.3 0.56 13.2
7 41 28.6 0.57 72
8 32 38.2 0.56 29.6
9 27 29.1 0.57 36.2
10 29 63.2 0.56 20.3

uaAs Ham3sianai nsIMIuIBevesdoya : 0.06 packets/frame

?’l‘li'l\iﬁ 32
ﬂ%’: \‘l‘vdi 971UU packet Maximum Minimum Avg Delay

1 32 48.2 0.57 58.8
2 21 69.9 0.57 95.3
3 24 38.7 0.57 52.2
4 26 40.7 0.56 75.3
5 32 36.9 0.56 45.7
6 30 59.7 0.56 29

7 34 54.4 0.57 46.8
8 27 42.2 0.56 36.5
9 25 39.6 0.57 57.2
10 26 384 0.56 479

uerAd HaMs$1aeeN 0ATINTNIDIVBIdRYA : 0.07 packets/frame
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ﬂ'li'l\‘lﬁ 33
d 4 o
AIIN 91UIU packet Maximum Minimum Avg Delay

1 25 39.6 0.57 57.2
2 25 70.6 0.57 104
3 28 65.5 0.57 54.4
4 21 99.7 0.56 119
5 25 78.8 0.56 106
6 25 65.1 0.56 93.1
7 19 13.1 0.57 136
8 22 717.6 0.56 193
9 30 85.1 0.57 156
10 20 66.9 0.56 101

uaa Wan1381aeei SasmsIndavesdeya : 0.08 packets/frame

° 3 t 1 H o : a 3
nanssrasslasld Tusunsuiomamilma lavmdsveaumanaiinaduluaaitian

A Aq A dde A o 2 v ) o
ﬁ’lUnmﬁl‘ﬁszuﬂﬂ']?n’wuwu%'luqu Max User = 100 Llag‘ﬂ9ﬂ51ﬂ15u‘]ﬂ\ﬂjﬂ\ﬁlﬂgﬂﬂ1\1"‘]ﬂu

G]'lﬂ»i‘?; 34
o 4 o
ATIN 91U IU packet Maximum Minimum Avg Delay

1 2 0.773 0.56 0.683
2 3 0.971 0.56 0.732
3 4 1.069 0.56 0.896
4 5 0.945 0.57 0.762
5 2 1.034 0.57 0.785
6 3 1.030 0.56 0.698
1 2 0.677 0.57 0.569
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3 »117% 91UIU packet Maximum Minimum Avg Delay
8 2 0.673 0.56 0.581
9 5 0.938 0.56 0.667
10 3 0.850 0.56 0.699

uene wamsdiaesi Sasimsuitavesdoya : 0.005 packets/frame

31971 35
ﬂéz G‘ﬁ 914U packet Maximum 'Minimum Avg Delay
1 3 0.588 0.57 0.576
2 3 0.883 0.56 0.669
3 3 1.069 0.56 0.896
4 5 1.062 0.56 0.808
5 2 0.927 0.57 0.707
6 3 1.030 0.56 0.724
7 3 0.589 0.58 0.577
8 2 0.782 0.57 0.672
9 5 1.261 0.56 0.716
10 3 0.890 0.56 0.723

uaAe HaM3$1aeeil ST IMsuBavesdoya : 0.006 packets/frame
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Gl'li'l\iﬁ 36
ﬂ%l:\il‘iél 914U packet Maximum Minimum Avg Delay
1 6 1.13 0.57 0.66
2 5 1.501 0.56 1.004
3 5 1.606 0.56 0.85
4 4 1.214 0.56 0.968
5 4 1.31 0.57 1.151
6 3 1.746 0.56 1.064
7 5 1.479 0.57 1.067
8 5 1.34 0.57 0.866
9 5 1.11 0.56 0.817
10 3 0.98 0.56 0.838

A wanms9aeh

o

#

$1n5Devedeya : 0.007 packets/frame

ﬂ’li'N‘ﬁ 37
S 4 o
ATIN 914U packet Maximum Minimum Avg Delay

1 6 0.59 0.57 0.58

2 8 1.13 0.56 0.78

3 7 1.60 0.56 0.84

4 7 0.58 0.56 0.57

5 1.21 0.57 0.73

6 6 1.6 0.56 078
7 4 1.64 0.57 1.05

8 4 2.34 0.86 1.25

9 6 1.083 0.56 1.09
10 6 1.6 0.56 0.78

werae wamsdiaeadl sasinsundavesdoya : 0.008 packéts/frame
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Gl’]i'lx‘lﬁ 38
S A o
ATIN 914U packet Maximum Minimum Avg Delay

1 4 0.99 0.56 0.70
2 3 0.58 0.56 0.57
3 10 0.96 0.56 0.61
4 4 0.95 0.57 0.67
5 2 0.91 0.58 0.74
6 4 1.02 0.57 0.69
7 5 1.09 0.58 0.70
8 12 1.10 0.56 0.69
9 3 0.58 0.56 0.57
10 8 0.99 0.56 0.72

werad HamIsaesil 8rTINsINteussdoya : 0.009 packets/frame

ﬂ'li'l\‘l“ﬁ 39
ﬂ%‘ an 911U packet Maximum Minimum Avg Delay
1 9 0.98 0.56 0.65
2 4 1.24 0.87 1.05
3 8 1.01 0.56 0.75
4 7 1.12 0.56 0.74
5 6 1.08 0.56 0.80
6 10 0.87 0.56 0.65
7 4 0.87 0.56 0.65
8 6 1.14 0.56 0.80
9 9 1.79 0.56 0.92
10 7 1.04 0.56 0.73

A wams$raeail SasmsIndevesdoya : 0.01 packets/frame
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ﬁ'ﬁNﬁ 40
ﬂ‘? Q‘ﬁ 314U packet Maximum Minimum Avg Delay
1 16 3.22 0.56 1.15
2 12 1.83 0.56 0.79
3 9 2.11 0.57 1.02
4 14 11.68 0.56 1.64
5 15 1.21 0.57 0.83
6 7 1.00 0.57 067
7 15 3.59 0.56 1.15
8 18 5.68 0.56 1.20
9 14 1.68 0.56 0.85
10 14 6.16 0.56 1.67
ueras wans$raesit Sasimsindevesdoya : 0.02 packets/frame
Gl'ﬁ'N‘?; 41
ﬂé” 0“7; 914U packet Maximum Minimum Avg Delay

1 22 13.38 0.56 1.50
2 24 24.53 0.57 2.93
3 27 7.96 0.56 2.44
4 22 13.41 0.56 2.32
5 22 14.28 0.56 3.71
6 22 11.24 0.56 2.49
7 22 5.94 0.56 1.12
8 19 7.51 0.56 1.55
9 11 2.81 0.56 1.00
10 26 9.22 0.56 1.75
11 16 17.86 0.56 4.03




A1319 41 (919)
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14U packet

Maximum

Minimum

Avg Delay

21

37.72

0.56

4.88

uerae Han13$1aeh SrIIMIUIDIVEIdOYa : 0.03 packets/frame

ﬁ']i'Nﬁ 42
ﬂé: Q‘?i 9742 packet Maximum Minimum Avg Delay
1 23 32.14 0.56 7.27
2 34 24.79 0.56 3.06
3 28 17.97 0.56 3.41
4 34 3236 0.56 4.60
5 25 47.59 0.56 10.94
6 28 29.13 0.56 5.70
7 21 9.00 0.58 2.49
8 24 7.54 0.58 3.00
9 30 26.68 0.56 5.79
11 22 34.61 0.56 797
12 23 42.00 0.56 5.36

uerAd Wamsshasefl oasmsudavesdonya : 0.04 packets/frame

A157199 43
AsIN 14U packet Maximum Minimum Avg Delay
1 35 16.60 0.56 6.05
2 26 26.37 0.57 11.49
3 30 34.17 0.56 12.44
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13197t 43 (A8)

ﬂ‘::: Q"?; 97114 packet Maximum Minimum Avg Delay
4 30 37.62 0.56 6.52
5 30 36.78 0.56 6.22
6 39 32.19 0.56 9.71
7 34 60.76 0.56 17.46
8 32 47.60 0.56 11.07
9 30 70.9 0.56 15.1
10 21 48.7 0.56 14

(arae wamsdasedi SnsIn1suBauesdoyn : 0.05 packets/frame
1319 44

ﬂ%s: 017'1 14U packet Maximum Minimum Avg Delay
1 35 47.82 0.56 12.53
2 38 38.18 0.56 8.57
3 28 33.90 0.57 8.53
4 29 78.22 0.56 14.20
5 30 4477 0.56 16.56
6 31 425 0.58 9.93
7 23 60.8 0.56 19.8
8 28 41 0.58 16
9 28 59.9 0.57 11.7
10 31 425 0.58 9.93

erae Wan1s§1aneh nTINsNNAIBITBYA : 0.06 packets/frame
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G]’Iﬁ'N‘ﬁ 45
ﬂ% x‘lﬁ 214U packet Maximum Minimum Avg Delay
1 35 28.12 0.56 6.31
2 41 18.69 0.57 7.19
3 39 39.95 0.56 13.59
4 37 62.09 0.56 13.09
5 38 96.10 0.56 21.97
6 34 29.23 0.56 8.36
7 33 70.56 0.57 20.10
8 38 55.25 0.80 20.48
9 35 38.21 0.57 15.50
10 40 353 0.56 10.8

HEAAY HAamMIsIanen

(g

;31|

$1AINA98389YA : 0.07 packets/frame

ﬂ'ﬁ‘N‘Vd:l 46

ﬂg W 311U packet Maximum Minimum Avg Delay
1 40 37.78 0.56 10.74

T2 37 31.35 0.57 9.90
3 39 108.32 0.56 54.39
4 38 62.16 0.57 26.05
5 33 52.32 0.57 15.18
6 32 108.31 2.14 60.06
7 40 82.67 0.56 22.09
8 37 57.19 0.57 18.53
9 33 80.82 0.57 29.22
10 39 48.59 0.57 18.45
11 32 52.50 0.59 16.62
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M1 46 (d0)
4 o
AIIN YTUIU packet Maximum Minimum Avg Delay
12 39 59.84 0.86 16.10
13 37 39.07 0.56 11.59
14 28 64.38 0.57 33.57
15 38 60.82 0.56 19.43

uerae wanisiase dasin1sndavesdoya : 0.08 packets/frame

ﬂ']ﬁ'l\l‘f"i 47
ﬂé: dﬁ 91U2U packet Maximum Minimum Avg Delay

1 34 140.90 22.25 87.81
2 33 125.18 20.18 63.99
3 32 103.7 0.58 42.09
4 32 92.09 3.55 44.64
5 35 193.53 31.24 140.62
6 30 170.27 1.57 78.87
7 29 227.45 2.92 146.95
8 21 147 39.2 72

9 26 128 0.57 © 514
10 21 184 1 39.4

ueras Hans§1aeed sasinisundsvesdeya : 0.09 packets/frame
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wamisiaeddagliTisunsuiemmmirmmlasmdsvewnwaiafifatuluaoi

~ 4 k4 ~ li'd o 4’0/ =] v \ o
ﬂ'l'Jtﬂfjum‘ﬂ55‘1]‘1]6111&‘118]747134%111'214 Magx User = 125 HAZNBATINTINIOIVOIVIUAA NN

Gl']'iN"?i 48
S A o -

ATIN 91U7U packet Maximum Minimum average
1 3 1.14 0.56 0.8
2 6 1.03 0.57 0.73
3 2 0.896 0.56 0.828
4 3 1.08 0.56 0.855
5 3 0.937 0.56 0.837
6 3 0.58 0.57 0.821
7 4 1.14 0.57 0.729
8 3 1.097 0.56 0.739
9 3 0.92 0.57 0.75
10 4 0.91 0.57 0.721

o’ -2

uaay wamsdiaesil dasinsudevesdoya : 0.005 packets/frame

msnﬁ 49
2 4 o
AIIN 31UIU packet Maximum Minimum average

1 3 0.91 0.56 0.751
2 4 0.57 0.57 0.608
3 4 1.065 0.56 0.687
4 4 1.223 0.56 0.851
5 2 0.826 0.56 0.694
6 2 1.098 0.57 0.83
7 3 0.818 0.57 ' 0.645
8 4 1.187 0.56 0.872
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A131971 49 (Ae)

o 4 o

3N 971U packet Maximum Minimum average
9 4 0.87 0.57 0.71
10 3 0.91 0.57 0.672

waras HamsSassiioasnTsIdevesdoyn : 0.006 packets/frame
ﬂ’liN?‘l S0

FAE o

ATIN 9TU3IU packet Maximum Minimum Average
1 7 119 0.56 0.9
2 5 1.05 0.57 0.86
3 4 1.12 0.56 0.71
4 4 1.54 0.56 0.92
5 5 1.68 0.56 0.92
6 6 0.78 0.57 0.63
7 3 1.25 0.57 0.80
8 8 1.09 0.58 0.72
9 5 1.08 0.57 0.68
10 6 1.43 0.57 0.64

waas Hanssasfisasimsindavesdoyn : 0.007 packets/frame

a13199 51
AT 41U packet Maximum Minimum Average
1 5 1.08 0.58 0.68
2 7 1.32 0.56 0.72
3 5 0.86 0.57 0.64
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M 51
ﬂg: S 91UU packet Maximum Minimum Average
4 4 1.43 0.56 0.86
5 4 0.95 0.56 0.76
6 4 1.15 0.57 0.74
7 5 1.25 0.57 0.79
8 5 0.97 0.58 0.75
9 6 1.21 0.57 0.83
10 6 9.93 0.57 2.86
terme Ham3siassfisasnisudevesdeya : 0.008 packets/frame
M 52
ﬂéz Gﬁ 974U packet Maximum Minimum Average

1 4 0.87 0.56 0.71
2 6 1.10 0.56 0.72
3 13 1.16 0.57 0.85
4 4 1.06 0.58 0.70
5 5 0.99 0.57 0.67
6 7 1.00 0.56 0.81
7 7 1.01 0.57 0.84

5 0.98 0.56 0.78
9 6 0.97 0.57 0.79
10 7 0.70 0.56 0.60

Al

Han13$18097 SATINMTIReYeIdDYA : 0.009 packets/frame
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9’]'15'1\117; 53
ﬂg: 5T 14U packet Maximum Minimum Average
1 4 0.87 0.56 0.71
2 7 1.22 0.56 0.76
3 6 0.93 0.56 0.72
4 11 1.18 0.56 0.71
5 5 1.32 0.58 0.89
6 5 0.87 0.58 0.69
7 9 1.10 0.56 0.80
8 9 1.09 0.57 0.81
9 8 4.31 0.56 1.3
10 7 1.11 0.58 0.89
uaRe Hansianed SasInsAvesdioya : 0.01 packets/frame
ﬂ'ﬁﬂﬁ 54
ﬂ%‘ dﬁ 149U packet Maximum Minimum Average
1 6 0.9319 0.54 0.72
2 15 147 0.57 1.24
3 13 6.91 0.56 2.53
4 10 5.31 0.57 1.93
5 13 11.05 0.56 1.56
6 15 1.01 0.56 0.69
7 14 7.64 0.56 1.51
8 15 1.39 0.56 0.72
9 13 7.09 0.56 1.78
10 16 5.02 0.57 1.71

wan wan1s$1aesil SasIMsINHeyeatoya : 0.02 packets/frame
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ﬂ'ﬁ'\ﬂﬁ 55
ﬂ%’ Qﬁ 91147U packet Maximum Minimum Average
1 20 25.78 0.56 6.22
2 12 36.49 0.56 5.31
3 16 9.81 0.56 1.90
4 11 6.83 0.56 1.67
5 11 5.60 0.58 1.41
6 18 5.41 0.56 1.42
7 14 38.52 0.56 5.10
8 20 25.78 0.56 6.22
9 19 13.16 0.56 3.17
10 20 20.10 0.56 4.12

(e Wamsiiaesil asintsniaveadeya : 0.03 packets/frame

9’1']5'1\3“7% 56
ﬂ% Qﬁ 91142U packet Maximum Minimum Average
1 29 47.57 0.57 13.90
2 19 9.09 0.56 1.26
3 24 9.76 0.57 2.38
4 20 8.93 0.56 2.09
5 32 14.93 0.56 2.63
6 23 7.13 0.56 2.63
7 24 22.90 0.56 2.67
8 30 14 0.57 4.49
9 35 31 0.56 4.66
10 30 14 0.57 4.49

aae wansdiassil dasimsdevesdoya : 0.04 packets/frame
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ﬂ'ﬁN‘?‘l 57
97U packet Maximum Minimum Average
28 45.17 0.57 9.69
27 37.92 0.56 8.51
31 12.37 0.56 4.90
22 20.13 0.57 8.83
5 32 25.26 0.56 8.05
6 32 46.8 0.56 9.66
32 355 0.56 7.8
32 28.3 0.56 8.92
32 24.6 0.56 7.21
32 46.8 0.56 9.66

o

uead HamMIsaeai Sasimsideussdeya : 0.05 packets/frame

ﬂ'li'N#l 58
911U packet Maximum Minimum average
32 55.38 0.57 16.17
29 57.54 0.57 20.76
29 48.43 0.56 15.12
32 55.38 0.57 16.17
31 44.44 0.56 7.68
38 40.4 0.57 7.16
38 24.01 0.56 7.15
34 50.8 0.57 13.2
37 40.2 0.56 9.13
37 38.9 0.57 8.32

HAAY HANT$1aBIN BRI INSUDIYBITBYA : 0.06 packets/frame
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ﬂ’lﬂ\‘l‘ﬁ 59

S o 0

ATIN 91U packet Maximum Minimum average
1 35 64.43 0.57 10.68
2 27 37.65 0.56 17.97
3 29 111.91 0.57 64.06
4 33 78.59 0.58 29.19
5 19 100 0.98 30.3
6 22 76.1 12.5 375
7 39 70.9 12.5 37.5
8 23 97.1 2.55 382
9 26 121 0.57 325
10 19 100 0.98 30.3

Harn wamsS1aesdi Sasimaandsuoedioya : 0.07 packets/frame
3197 60

S & o

3N 1UIU packet Maximum Minimum average
1 . 27 168.85 0.57 86.47
2 29 167.99 0.57 105.37
3 29 168.82 0.57 97.31
4 27 168.85 0.57 86.47
5 21 179 9.18 59.4
6 27 126 0.57 40.4
7 32 95.5 1.14 28.2
8 21 119 1.97 54.1
9 24 112 0.77 38.5
10 21 116 5.12 64.1

uaAd HamMs$1aned Sasimsundsvesdoyn : 0.08 packets/frame



15199 61

19 x‘iﬁ 914U packet Maximum Minimum average
1 26 327.24 10.97 201.8
2 26 245.96 0.58 106.96
3 20 290.15 38.20 146.58
4 23 272.88 1.98 171.96
5 20 176 13.6 68.8
6 19 109 451 58.1
7 23 141 0.58 55.8
8 25 150 0.85 584
9 25 122 1.28 49.3
10 20 176 13.6 68.8

uerms HamMsiaesdi Sasin1sindeunsdoya : 0.09 packets/frame
ﬂ'\iNﬁ 62

ﬂ%s: ~1°7; 97U2U packet Maximum Minimum average
1 23 288.18 6.37 177.41
2 25 336.68 40.36 211.53
3 17 349.70 5.00 185.26
4 23 288.18 6.27 177.41
5 25 119 0.82 49.8
6 18 172 17.3 78.9
7 28 79.9 1.47 40.1
8 28 116 0.57 332
9 18 137 4.03 78.8
10 25 114 0.21 52.2

ueras wamss$iaesi Sasnsudavesdonya : 0.1 packets/frame



wamsveINHYeallsunsu MG_C (Uni 5 108197 2)

Before Operating Traunk :

Link#1 Traffic=0.0000 :Link Speed=85.7140
Link#2 Traffic=0.0000 :Link Speed=85.7140
Link#3 Traffic=0.0000 :Link Speed=64.2860
Link#4 Traffic=0.0000 :Link Speed=85.7140
Link#5 Traffic=0.0000 :Link Speed=21.4286
Link#6 Traffic=0.0000 :Link Speed=21.4286
Link#7 Traffic=0.0000 :Link Speed=64.2860
Link#8 Traffic=0.0000 :Link Speed=2.8570
Link#9 Traffic=0.0000 :Link Speed=2.8570
Link#10 Traffic=0.0000:Link Speed=21.4286
Link#11 Traffic=0.0000:Link Speed=85.7140
Link#12 Traffic=0.0000:Link Speed=64.2860
Link#13 Traffic=0.0000:Link Speed=21.4286
Link#14 Traffic=0.0000:Link Speed=85.7140
Link#15 Traffic=0.0000:Link Speed=64.2860
Link#16 Traffic=0.0000:Link Speed=85.7140
Link#17 Traffic=0.0000:Link Speed=85.7140
Link#18 Traffic=0.0000:Link Speed=85.7140
:Total Delay=0.4000

Input traffic and find shortest path.

MARUIN A,

:Delay=0.012
:Delay=0.012
:Delay=0.016
:Delay=0.012
:Delay=0.047
:Delay=0.047
:Delay=0.016
:Delay=0.029
:Delay=0.029
:Delay=0.047
:Delay=0.012
:Delay=0.016
:Delay=0.047
:Delay=0.012
:Delay=0.016
:Delay=0.012
:Delay=0.012
:Delay=0.012

Shortest Path[1] :- 1- 3- 7- 4 Total cost[1] =0.043
Shortest Path[2] :- 3- 7-10 Total cost[2] =0.023
Shortest Path[3] :- 2- 8-9-5-6 Total cost[3] =0.051
Shortest Path{4] :- 5- 1- 2~ 8 Total cost{4] =0.035
Shortest Path[5] :- 6~ 3- 7- 4 Total cost{5] =0.074

Shortest Path[6] :- 4-10-5-1-3 Total cost[6] =0.121

:Cost[1][2]=0.012
:Cost[2](8]=0.012
:Cost[1][3]=0.016
:Cost[3]{7]=0.012
:Cost[2][9]=0.047
:Cost[6](3]=0.047
:Cost[7]{4]=0.016
:Cost[4][3]=0.350
:Cost[6][4]=0.350
:Cost[41[10]=0.047
:Cost[7][10]=0.012
:Cost[8][7]=0.016
:Cost[10][5]=0.047
:Cost[5][1]=0.012
:Cost[8][9]=0.016
:Cost[8][1]=0.012
:Cost[9][5]=0.012
:Cost[5][6]=0.012
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Shortest Path[7] :- 5- 1- 3
BEFORE LOOP
link#1 Traffic=44.0000
link#2 Traffic=87.0000
link#3 Traffic=84.0000
link#4 Traffic=99.5000
link#5 Traffic=0.0000
link#6 Traffic=1.5000
link#7 Traffic=52.5000
link#8 Traffic=0.0000
link#9 Traffic=0.0000
link#10 Traffic=5.0000
link#11 Traffic=47.0000
link#12 Traffic=0.0000
link#13 Traffic=5.0000
link#14 Traffic=77.0000
link#15 Traffic=43.0000
link#16 Traffic=0.0000
link#17 Traffic=43.0000
link#18 Traffic=43.0000
Adjust Link Speed
link#1 Traffic=44.0000
link#2 Traffic=87.0000
link#3 Traffic=84.0000
link#4 Traffic=99.5000
link#5 Traffic=0.0000
link#6 Traffic=1.5000
link#7 Traffic=52.5000
link#8 Traffic=0.0000
link#9 Traffic=0.0000
link#10 Traffic=5.0000
link#11 Traffic=47.0000
link#12 Traffic=0.0000
link#13 Traffic=5.0000
link#14 Tmfﬁc=77.0060

Total cost{7] =0.027

:Link Speed=85.7140
:Link Speed=85.7140
:Link Speed=64.2860
:Link Speed=85.7140
:Link Speed=21.4286
:Link Speed=21.4286
:Link Speed=64.2860
:Link Speed=2.8570

:Link Speed=2.8570

:Link Speed=21.4286
:Link Speed=85.7140
:Link Speed=64.2860
:Link Speed=21.4286
:Link Speed=85.7140
:Link Speed=64.2860
:Link Speed=85.7140
:Link Speed=85.7140
:Link Speed=85.7140

:Link Speed=114.2391
:Link Speed=114.2391
:Link Speed=85.6800
:Link Speed=114.2391
:Link Speed=28.5599
:Link Speed=28.5599
:Link Speed=85.6800
:Link Speed=3.8078
:Link Speed=3.8078
:Link Speed=28.5599
:Link Speed=114.2391
:Link Speed=85.6800
:Link Speed=28.5599
:Link Speed=114.2391

:Cost[1][2]=0.012
:Cost[2]{8]=0.012
:Cost{1][3]=0.016
:Cost[3][7]=0.012
:Cost[2][9]}=0.047
:Cost[6][3]=0.047
:Cost[7][4]=0.016
:Cost[4][3]=0.350
:Cost[6]{4}=0.350
:Cost[4][10]=0.047
:Cost{71[10}=0.012
:Cost[8][7]=0.016
:Cost{10][5]=0.047
:Cost[5][1}=0.012
:Cost[8][9]=0.016
:Cost[8][1]=0.012
:Cost[9][5]=0.012
:Cost[5][6}=0.012

:Cost[1][2]=0.012
:Cost[2][8]=0.012
:Cost[1][3]=0.016
:Cost[3]{7]=0.012
:Cost[2][9]=0.047
:Cost[6][3}=0.047
:Cost{7](4]=0.016
:Cost[4](3]=0.350
:Cost[6][4]=0.350
:Cost[4][10]}=0.047
:Cost[7][10]=0.012
:Cost[8]{7}=0.016
:Cost[10][5]=0.047
:Cost[{5][1]=0.012
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link#15 Traffic=43.0000
link#16 Traffic=0.0000
link#17 Traffic=43.0000
link#18 Traffic=43.0000
Start Delay=9999.0 min:
START LOOP(1)

:Link Speed=85.6800

:Link Speed=114.2391
:Link Speed=114.2391
:Link Speed=114.2391

:Cost[8][91=0.016
:Cost[8][1]=0.012
:Cost[9]{5]=0.012
:Cost[5]{6]=0.012
Total Delay=1.47240888 min

Shortest Path[1] :-1-2-8-7-4 Cost of shortest past No.1 = 0.267

Shortest Path[2] :-3-7-10
Shortest Path{3] :-2-9-5-6
Shortest Path{4] :-5-1-2-8
Shortest Path{5] :-6-4
Shortest Path[6] :-4-10-5-6-3
Shortest Path{7] :-5-6-3

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 53.578
Link#2 Traffic = 88.502
Link#3 Traffic = 68.224
Link#4 Traffic = 89.640
Link#5 Traffic = 8.076
Link#6 Traffic = 7.416
Link#7 Traffic =52.218
Link#8 Traffic = 0.000
Link#9 Traffic = 0.282
Link#10 Traffic = 5.000
Link#11 Traffic = 47.000
Link#12 Traffic=9.578
Link#18 Traffic = 49.198
Average Delay=0.008499685
START LOOP(2)

Shortest Path[1] :-1-2-9-5-6-4

Shortest Path[2] :-3-7-10
Shortest Path[3] :-2-9-5-6
Shortest Path{4] :-5-1-2-8
Shortest Path[5] :-6-4
Shortest Path[6] :-4-10-5-6-3

Cost of shortest past No.2 = 0.551
Cost of shortest past No.3 = 0.080
Cost of shortest past No.4 = 0.260
Cost of shortest past No.5 = 0.263
Cost of shortest past No.6 = 0.164
Cost of shortest past No.7 = 0.062

:Link Speed = 92.784
:Link Speed =92.784
:Link Speed = 69.588
:Link Speed = 92.784
:Link Speed = 23.196
:Link Speed = 23.196
:Link Speed = 69.588
:Link Speed =3.093

:Link Speed = 3.093

:Link Speed = 23.196
:Link Speed = 92.784
:Link Speed = 69.588
:Link Speed = 92.784

Cost of shortest past No.2 = 9.431
Cost of shortest past No.3 = 0.188
Caost of shortest past No.4 = 5.314
Cost of shortest past No.5 = 0.391
Cost of shortest past No.6 = 0.282

:Delay=0.026
:Delay=0.234
:Delay=0.733
:Delay=0.318
:Delay=0.066
:Delay=0.063
:Delay=0.058
:Delay=0.029
:Delay=0.063
:Delay=0.055
:Delay=0.022
:Delay=0.020
:Delay=0.023

Cost of shortest past No.1 = 0.640

:Cost[1]{2}=0.06036
:Cost[2][8}=5.06161
:Cost[1]{3}=37.37687
:Cost[3]{7)=9.38702
:Cost{2][9]=0.10146
:Cost[6][3}=0.09315
:Cost[7](4]=0.23064
:Cost[4](3}=0.32335
:Cost[6][4]=0.39141
:Cost{4][10}=0.07006
:Cost[71[10]=0.04426
:Cost[9][5]=0.03744
:Cost[5][6]=0.04884
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Shortest Path{7] :-5-6-3

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 55.255
Link#2 Traffic = 86.701
Link#3 Traffic = 65.462
Link#4 Traffic = 87.914
Link#5 Traffic = 11.554
Link#6 Traffic = 8.452
Link#7 Traffic = 50.105
Link#8 Traffic = 0.000
Link#9 Traffic =2.395
Link#10 Traffic = 5.000
Link#11 Traffic = 47.000
Link#12 Traffic = 9.191
Link#13 Traffic = 5.000
Link#14 Traffic = 69.717
Link#15 Traffic = 33.511
Link#16 Traffic = 0.000
Link#17 Traffic = 45.064
Link#18 Traffic = 52.347
Average Delay=0.010749090
START LOOP(Q3)

Shotest Path[1] :-1-2-9-5-6-4
Shotest Path[2] :-3-7-10
Shotest Path[3] :-2-9-5-6
Shotest Path{4] :-5-1-2-8
Shotest Path{5] :-6-4

Cost of shortest past No.7 = 0.142

:Link Speed = 89.672
:Link Speed = 89.672
:Link Speed = 67.255
:Link Speed = 89.672
:Link Speed =22.418
:Link Speed =22.418
:Link Speed = 67.255
:Link Speed = 2.989

:Link Speed = 2.989

:Link Speed =22.418
:Link Speed = 89.672
:Link Speed = 67.255
:Link Speed =22.418
:Link Speed = 89.672
:Link Speed = 67.255
:Link Speed = 89.672
:Link Speed = 89.672
:Link Speed = 89.672

Cost of shortest past No.1 = 8.859
Cost of shortest past No.2 = 29.055
Cost of shortest past No.3 = 0.299
Cost of shortest past No.4 = 10.459
Cost of shortest past No.5 = 8.484

:Delay=0.029
:Delay=0.337
:Delay=0.558
:Delay=0.569
:Delay=0.092
:Delay=0.072
:Delay=0.058
:Delay=0.029
:Delay=0.321
:Delay=0.057
:Delay=0.023
:Delay=0.017
:Delay=0.057
:Delay=0.050
:Delay=0.030
:Delay=0.011
:Delay=0.022
:Delay=0.027

Shotest Path[6] :-4-10-5-6-3 Cost of shortest past No.6 = 0.327

Shotest Path[7] :-5-6-3

Setting traffic in each link and adjusting trunk speed :
:Link Speed = 89.288
:Link Speed = 89.288

Link#1 Traffic.= 55.621
Link#2 Traffic = 86.308
Link#3 Traffic = 64.859
Link#4 Traffic = 87.537
Link#5 Traffic=12.313

Cost of shortest past No.7 =0.179

:Link Speed = 66.966
:Link Speed = 89.288
:Link Speed = 22.322

:Delay=0.030
:Delay=0.336
:Delay=0.475
:Delay=0.571
:Delay=0.100

161

:Cost[1][2]=0.07570
:Cost[2][8]=10.15767
:Cost[1](3}=20.93664
:Cost[3][7]=29.00560
:Cost[2][9)=0.18993
:Cost[6][3)=0.11493
:Cost[7][4]1=0.22866
:Cost[4][3]=0.33457
:Cost[6][4]=8.48360
:Cost[4] [i0]=0.07389
:Cost[7][10]=0.04925
:Cost[8]{7]=0.01995
:Cost[10][5]=0.07389
:Cost[5]{1]=0.22519
:Cost[8][9]=0.05906
:Cost[8]{1]=0.01115
:Cost[9][5]=0.04506
:Cost[5][6)=0.06436

:Cost[1][2]=0.07878
:Cost[2](8]=10.05362
:Cost[1]{3]=15.08380
:Cost[3][7]=29.13051
:Cost[2][9]=0.22283



Link#6 Traffic = 8.678
Link#7 Traffic = 49.643
Link#8 Traffic = 0.000
Link#9 Traffic = 2.857
Link#10 Traffic = 5.000
Link#11 Traffic = 47.000
Link#12 Traffic=9.106
Link#13 Traffic = 5.000
Link#14 Traffic ='69.480
Link#15 Traffic = 33.202
Link#16 Traffic = 0.000
Link#17 Traffic =45.515
Link#18 Traffic = 53.035

Average Delay=0.010688178

START LOOP(®4)
Shortest Path{1] :-1-2-8-7-4
Shortest Path[2] :-3-7-10
Shortest Path[3] :-2-9-5-6
Shortest Path[4] :-5-1-2-8
Shortest Path[5] :-6-3-7-4
Shortest Path[6] :-4-3
Shortest Path[7] :-5-6-3

:Link Speed =22.322 :Delay=0.073
:Link Speed = 66.966 :Delay=0.058
:Link Speed =2.976 :Delay=0.029
:Link Speed =2.976 :Delay=0.377
:Link Speed = 22.322 :Delay=0.058
:Link Speed = 89.288 :Delay=0.024
:Link Speed = 66.966 :Delay=0.017
:Link Speed =22.322 :Delay=0.058
:Link Speed = 89.288 :Delay=0.050
:Link Speed = 66.966 :Delay=0.030
:Link Speed = 89.288 :Delay=0.011
:Link Speed = 89.288 :Delay=0.023
:Link Speed = 89.288 :Delay=0.028

Cost of shortest past No.1 = 10.376
Cost of shortest past No.2 = 29.180
Cost of shortest past No.3 = 0.337
Cost of shortest past No.4 = 10.360
Cost of shortest past No.5 = 29.474
Cost of shortest past No.6 = 0.336
Cost of shortest past No.7 =0.188

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 58.947
Link#2 Traffic = 87.042
Link#3 Traffic = 59.381
Link#4 Traffic = 84.240
Link#5 Traffic = 14.905
Link#6 Traffic = 10.437
Link#7 Traffic = 49.884
Link#8 Traffic = 0.422
Link#9 Traffic = 2.616
Link#10 Traffic = 4.578
Link#11 Traffic = 47.000
Link#12 Traffic = 12.645

:Link Speed = 88.783 :Delay=0.034
:Link Speed = 88.783 :Delay=0.574
:Link Speed = 66.588 :Delay=0.139
:Link Speed = 88.783 :Delay=0.220
:Link Speed =22.196 :Delay=0.137
:Link Speed = 22.196 :Delay=0.083
:Link Speed = 66.588 :Delay=0.060
:Link Speed =2.959 :Delay=0.080
:Link Speed =2.959 :Delay=0.348
:Link Speed = 22.196 :Delay=0.057
:Link Speed = 88.783 :Delay=0.024
:Link Speed = 66.588 :Delay=0.019

:Cost[6][3]=0.11990
:Cost[7][4]=0.22315
:Cost[4]{3]=0.33601
:Cost[6]{4]=209.73045
:Cost[4][10]=0.07439
:Cost[7][10]=0.04993
:Cost[8]{7}-0.02000
:Cost[10]{5]=0.07439
:Cost[5][1]=0.22758
:Cost[8][9]=0.05874
:Cost[8][1}=0.01120
:Cost{9][5]=0.04660
:Cost[S][§]=0.06794

:Cost[1][2]=0.09974
:Cost[2]{8]=29.29622
:Cost[1][3]=1.28203
:Cost[3][71=4.30147
:Cost[2][9]=0.41762
:Cost[6][3]-0.16051
:Cost[7][4]=0.23867
:Cost[4][3]1=0.45980
:Cost[6][4]=25.06314
:Cost[4][10]=0.07151
:Cost{7]1[10]=0.05086
:Cost{8][7}=0.02288
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Link#13 Traffic=4.578  :Link Speed =22.196 :Delay=0.057 :Cost[10][5]=0.07151
Link#14 Traffic=67.328 :Link Speed = 88.783 :Delay=0.047 :Cost[5][1]=0.19288
Link#15 Traffic =30.397 :Link Speed = 66.588 :Delay=0.028 :Cost[8][91=0.05084
Link#16 Traffic = 0.000 :Link Speed = 88.783 :Delay=0.011 :Cost[S][‘1]=0.0l 126
Link#17 Traffic=45.303 :Link Speed = 88.783 :Delay=0.023 :Cost[9][5]=0.04696
Link#18 Traffic=54.552 :Link Speed = 88.783 :Delay=0.029 :Cost[5]{6]=0.07577

Average Delay=0.008977034
START LOOP(5)

Shortest Path[1] :-1-2-9-5-6-3-7-4 Cost of shortest past No.1 = 5.341
Shortest Path[2] :-3-7-10 Cost of shortest past No.2 = 4.352
Shortest Path[3] :-2-9-5-6 Cost of shortest past No.3 = 0.540
Shortest Path[4] :-5-1-2-8 Cost of shortest past No.4 = 29.589
Shortest Path[5] :-6-3-7-4 Cost of shortest past No.5 = 4.701
Shortest Path[6] :-4-10-5-6-3 Cost of shortest past No.6 =0.379
Shortest Path[7] :-5-6-3 Cost of shortest past No.7 = 0.236

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 60.122 :Link Speed = 87.353 :Delay=0.037 :Cost[1][2]=0.11780
Link#2 Traffic=85.640  :Link Speed = 87.353 :Delay=0.584 :Cost[2][8]-=29.77586
Link#3 Traffic = 57.446 :Link Speed = 65.515 :Delay=0.124 :Cost[1][3}=1.00633
Link#4 Traffic=84.737  :Link Speed = 87.353 :Delay=0.382 :Cost[3][71=12.76554
Link#5 Traffic=17.482  :Link Speed =21.838 :Delay=0.230 :Cost{2][9}=1.15077
Link#6 Traffic = 12.882 :Link Speed = 21.838 :Delay=0.112 :Cost[6]{3]=0.27224
Link#7 Traffic=49.970  :Link Speed = 65.515 :Delay=0.064 :Cost[7]1{4]=0.27110
Link#8 Traffic = 0.409 :Link Speed =2.912 :Delay=0.079 :Cost[4][3]=0.46473
Link#9 Traffic = 2.530 :Link Speed =2.912 :Delay=0.337 :Cost[6][4]=20.04157
Link#10 Traffic = 4.591 :Link Speed =21.838 :Delay=0.058 :Cost[4][10}=0.07342
Link#11 Traffic=47.000 :Link Speed = 87.353 :Delay=0.025 :Cost{7]{10}=0.05365
Link#12 Traffic=12.233 :Link Speed =65.515 :Delay=0.019 :Cost[8]{7]=0.02308
Link#13 Traffic = 4.591 :Link Speed = 21.838 :Delay=0.058 :Cost[10]{5]=0.07342
Link#14 Traffic = 66.568 :Link Speed = 87.353 :Delay=0.048 :Cost[5][1]=0.20221
Link#15 Traffic=29.407 :Link Speed =65.515 :Delay=0.028 :Cost[8][9]=0.05025
Link#16 Traffic=0.000  :Link Speed = 87.353 :Delay=0.011 :Cost[8]{1]=0.01145
Link#17 Traffic = 46.889  :Link Speed = 87.353 :Delay=0.025 :Cost[9][5]=0.05335
Link#18 Traffic=56.912 :Link Speed = 87.353 :Delay=0.033 :Cost[5][6]=0.09427

Average Delay=0.01026157



START LOOP(6)
Shortest Path[1] :-1-3-7-4
Shortest Path{2] :-3-7-10
Shortest Path[3] :-2-9-5-6
Shortest Path[4] :-5-1-2-8
Shortest Path[5] :-6-3-7-4
Shortest Path[6] :-4-3
Shortest Path[7] :-5-6-3

Setting traffic in each link and adjusting trunk speed :

Cost of Short past No.1 = 14.043

Cost of Short past No.2 = 12.819

Cost of Short past No.3 = 1.298

Cost of Short past No.4 = 30.096

Cost of Short past No.5 = 13.309

Cost of Short past No.6 = 0.465

Cost of Short past No.7 = 0.367

Link#1 Traffic = 59.687 :Link Speed = 86.837 :Delay=0.037
Link#2 Traffic = 84.517 :Link Speed = 86.837 :Delay=0.431
Link#3 Traffic = 57.273 :Link Speed = 65.129 :Delay=0.127
Link#4 Traffic = 85.135 :Link Speed = 86.837 :Delay=0.587
Link#5 Traffic = 18.170 :Link Speed =21.709 :Delay=0.283
Link#6 Traffic = 13.330 :Link Speed =21.709 :Delay=0.119
Link#7 Traffic = 50.038 :Link Speed = 65.129 :Delay=0.066
Link#8 Traffic = 0.532 :Link Speed =2.894 :Delay=0.094
Link#9 Traffic = 2.462 :Link Speed = 2.894 :Delay=0.329
Link#10 Traffic=4.468  :Link Speed =21.709 :Delay=0.058
Link#11 Traffic=47.000 :Link Speed = 86.837 :Delay=0.025
Link#12 Traffic=11.903  :Link Speed =65.129 :Delay=0.019
Link#13 Traffic=4.468  :Link Speed =21.709 :Delay=0.058
Link#14 Traffic = 65.960  :Link Speed = 86.837 :Delay=0.048
Link#15 Traffic=28.614 :Link Speed =65.129 :Delay=0.027
Link#16 Traffic = 0.000 :Link Speed = 86.837 :Delay=0.012
Link#17 Traffic =46.784  :Link Speed = 86.837 :Delay=0.025
Link#18 Traffic=57.292 :Link Speed = 86.837 :Delay=0.034

Average Delay=0.010836211

START LOOP(7)

Shortest Path[1] :-1-2-8-7-4 Cost of shortest past No.1 = 16.557

Shortest Path[2] :-3-7-10

Cost of shortest past No.2 =30.007
Shortest Path[3] :-2-9-5-6 Cost of shortest past No.3 = 1.886
Shortest Path{4] :-5-1-2-8 Cost of shortest past No.4 = 16.447
Shortest Path[5] :-6-4 Cost of shortest past No.5 = 15.495

Shortest Path[6] :-4-3 Cost of shortest past No.6 = 0.519

:Cost[11[2]=0.11780
:Cost[2](8]=16.13002
:Cost[1][3]=1.05527
:Cost[3][7]=29.95250
:Cost[2][9]=1.73287
:Cost[6][3]=0.30917
:Cost[7][4]=0.28599
:Cost[4][3]=0.51878
:Cost{6][4)=15.49475
:Cost[4]{10}=0.07303
:Cost[7][10]=0.05472
:Cost[8]1[7]=0.02299
:Cost[10]{5]=0.07303
:Cost[5][1]=0.19922
:Cost[8][9]=0.04885
:Cost[8][11=0.01152
:Cost[9][5]=0.05413
:Cost[5][6]=0.09948
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Shortest Path[7] :-5-6-3 Cost of shortest past No.7 = 0.409

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 60.576 :Link Speed = 86.477 :Delay=0.039 :Cost[1][2]=0.12891
Link#2 Traffic = 84.781 :Link Speed = 86.477 :Delay=0.590 :Cost[2][8}=30.07747
Link#3 Traffic = 55.831 :Link Speed = 64.858 :Delay=0.111 :Costf1][3}=0.79595
Link#4 Traffic = 84.175 :Link Speed = 86.477 :Delay=0.434 :Cost[3][7]=16.32339
Link#5 Traffic=18.795  :Link Speed =21.619 :Delay=0.354 :Cost[2][9]=2.71017
Link#6 Traffic = 13.699 :Link Speed = 21.619 :Delay=0.126 :Cost[6][3]=0.34464
Link#7 Traffic = 50.062 :Link Speed = 64.858 :Delay=0.068 :Cost[7][4]=0.29626
Link#8 Traffic = 0.645 :Link Speed = 2.882 :Delay=0.107 :Cost[4][3]=0.57569
Link#9 Traffic = 2.438 :Link Speed = 2.882 :Delay=0.326 :Cost[6][4]=14.59535
Link#10 Traffic = 4.355 :Link Speed = 21.619 :Delay=0.058 :Cost[4][10]=0.07254
Link#11 Traffic=47.000 :Link Speed =86.477 :Delay=0.025 :Cost[7][10]=0.05549
Link#12 Traffic=12.887 :Link Speed = 64.858 :Delay=0.019 :Cost[8][7]=0.02401
Link#13 Traffic = 4.355 :Link Speed =21.619 :Delay=0.058 :Cost[10](5]=0.07254
Link#14 Traffic = 65.407 :Link Speed = 86.477 :Delay=0.047 :Cost[5][1]}=0.19480
Link#15 Traffic=27.894 :Link Speed = 64.858 :Delay=0.027 :Cost[8][9]=0.04747
Link#16 Traffic=0.000  :Link Speed = 86.477 :Delay=0.012 :Cost[8][1]=0.01156
Link#17 Traffic =46.689  :Link Speed = 86.477 :Delay=0.025 :Cost[9][5]=0.05463
Link#18 Traffic=57.637 :Link Speed = 86.477 :Delay=0.035 :Cost[5](6]=0.10397

Average Delay=0.011212111

START LOOP(8)

Shortest Path[1] :-1-3-7-4 Cost of shortest past No.1 =17.416

Shortest Path[2] :-3-7-10 Cost of shortest past No.2 = 16.379
Shortest Path[3] :-2-9-5-6 Cost of shortest past No.3 = 2.869
Shortest Path[4] :-5-1-2-8 Cost of shortest past No.4 = 30.401
Shortest Path[5] :-6-4 Cost of shortest past No.5 = 14.595
Shortest Path[6] :-4-3 Cost of shortest past No.6 = 0.576
Shortest Path[7] :-5-6-3 Cost of shortest past No.7 = 0.449

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic=60.326  :Link Speed = 86.071 :Delay=0.039 :Cost[1][2]=0.12987
Link#2 Traffic = 84.167 :Link Speed = 86.071 :Delay=0.525 :Cost[2][8]=23.75220
Link#3 Traffic=55.758  :Link Speed = 64.554 :Delay=0.114 :Cost{1][3]1=0.83451
Link#4 Traffic = 84.383 :Link Speed = 86.071 :Delay=0.593 :Cost[3][71=30.21932
Link#5 Traffic=19.159  :Link Speed =21.518 :Delay=0.424 :Cost[2][9]=3.86825



Link#6 Traffic=13.914
Link#7 Traffic = 50.076
Link#8 Traffic =0.710
Link#9 Traffic = 2.424
Link#10 Traffic = 4.290
Link#11 Traffic = 47.000
Link#12 Traffic = 12.693
Link#13 Traffic =4.290
Link#14 Traffic = 65.085
Link#15 Traffic = 27.474
Link#16 Traffic = 0.000
Link#17 Traffic = 46.633:
Link#18 Traffic = 57.838:

:Link Speed =21.518
:Link Speed = 64.554
:Link Speed = 2.869
:Link Speed = 2.869
:Link Speed = 21.518
:Link Speed = 86.071
:Link Speed = 64.554
:Link Speed =21.518
:Link Speed = 86.071
:Link Speed = 64.554
:Link Speed = 86.071
Link Speed = 86.071
Link Speed = 86.071

Average Delay=0.012038523

START LOOP(9)

Shortest Path{1] :-1-2-9-5-6-4

Shortest Path[2] :-3-7-10
Shortest Path(3] :-2-9-5-6
Shortest Path[4] :-5-1-2-8
Shortest Path[5] :-6-4
Shortest Path[6] :-4-3
Shortest Path[7] :-5-6-3

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 60.411
Link#2 Traffic = 84.069
Link#3 Traffic = 55.622
Link#4 Traffic = 84.292
Link#5 Traffic = 19.343
Link#6 Traffic = 13.949
Link#7 Traffic = 49.953
Link#8 Traffic = 0.721
Link#9 Traffic = 2.547
Link#10 Traffic = 4.279
Link#11 Traffic = 47.000
Link#12 Traffic = 12.662

Cost of shortest past No.2 = 30.276
Cost of shortest past No.3 = 4.032
Cost of shortest past No.4 = 24.078
Cost of shortest past No.5 = 14.488
Cost of shortest past No.6 = 0.616
Cost of shortest past No.7 = 0.480

:Link Speed = 85.977
:Link Speed = 85.977
:Link Speed = 64.484
:Link Speed = 85.977
:Link Speed = 21.494
:Link Speed = 21.494
:Link Speed = 64.484
:Link Speed = 2.866

:Link Speed = 2.866

:Link Speed = 21.494
:Link Speed = 85.977
:Link Speed = 64.484

:Delay=0.132
:Delay=0.069
:Delay=0.115
:Delay=0.324
:Delay=0.058
:Delay=0.026
:Delay=0.019
:Delay=0.058
:Delay=0.048
:Delay=0.027
:Delay=0.012
:Delay=0.025
:Delay=0.035

Cost of shortest past No.1 = 18.650

:Delay=0.039
:Delay=0.524
:Delay=0.113
:Delay=0.593
:Delay=0.465
:Delay=0.133
:Delay=0.069
:Delay=0.117
:Delay=0.339
:Delay=0.058
:Delay=0.026
:Delay=0.019

:Cost[6][3]1=0.37220
:Cost{7][41=0.30799
:Cost[4][3}=0.61575
:Cost[6]{4]=14.48830
:Cost[4][10]=0.07250
:Cost[7][10]=0.05638
:Cost[8][7]=0.02400
:Cost[10][5]=0.07250
:Cost[5](1]=0.19543
:Cost[8][9]=0.04695
:Cost[8][1]=0.01162
:Cost{9][5]=0.05534
:Cost[5][6]=0.10798

:Cost[1](2]=0.13154
:Cost[2](8]=23.60255
:Cost[11[3]=0.82113
:Cost[?{][7]=3 0.25215
:Cost[2][9]=4.64204
:Cost[6][3}=0.37752
:Cost[7][4]=0.30543
:Cost{4][3]=0.62292
:Cost{6][4]=28.12689
:Cost[4][10]=0.07253
:Cost[7][10]=0.05659
:Cost[8](7]=0.02401
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Link#13 Traffic = 4.279 :Link Speed = 21.494 :Delay=0.058
Link#14 Traffic=65.033  :Link Speed = 85.977 :Delay=0.048
Link#15 Traffic=27.407 :Link Speed = 64.484 :Delay=0.027
Link#16 Traffic = 0.000 :Link Speed = 85.977 :Delay=0.012
Link#17 Traffic=46.749 :Link Speed = 85.977 :Delay=0.025
Link#18 Traffic=57.995 :Link Speed = 85.977 :Delay=0.036

Average Delay=0.012298914

START LOOP(10)

Shortest Path[1] :-1-2-8-7-4 Cost of shortest past No.1 = 24.064
Shortest Path[2] :-3-7-10 Cost of shortest past No.2 = 30.309
Shortest Path[3] :-2-9-5-6 Cost of shortest past No.3 = 4.808
Shortest Path[4] :-5-1-2-8 Cost of shortest past No.4 = 23.930
Shortest Path[5] :-6-4 Cost of shortest past No.5 = 28.127
Shortest Path[6] :-4-3 Cost of shortest past No.6 = 0.623
Shortest Path[7] :-5-6-3 Cost of shortest past No.7 = 0.487

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 60.690 :Link Speed = 85.840 :Delay=0.040
Link#2 Traffic = 84.157 :Link Speed = 85.840 :Delay=0.594
Link#3 Traffic = 55.173 :Link Speed = 64.381 :Delay=0.109
Link#4 Traffic = 83.991 :Link Speed = 85.840 :Delay=0.541
Link#5 Traffic = 19.533 :Link Speed =21.460 :Delay=0.519
Link#6 Traffic = 14.062 :Link Speed =21.460 :Delay=0.135
Link#7 Traffic = 49.962 :Link Speed = 64.381 :Delay=0.069
Link#8 Traffic = 0.755 :Link Speed = 2.861 :Delay=0.121
Link#9 Traffic = 2.538 :Link Speed = 2.861 :Delay=0.338
Link#10 Traffic = 4.245 :Link Speed = 21.460 :Delay=0.058
Link#11 Traffic=47.000 :Link Speed = 85.840 :Delay=0.026
Link#12 Traffic=12.971 :Link Speed = 64.381 :Delay=0.019
Link#13 Traffic = 4.245 :Link Speed =21.460 :Delay=0.058
Link#14 Traffic=64.864 :Link Speed = 85.840 :Delay=0.048
Link#15 Traffic=27.186  :Link Speed = 64.381 :Delay=0.027
Link#16 Traffic = 0.000 :Link Speed = 85.840 :Delay=0.012
Link#17 Traffic=46.719 :Link Speed = 85.840 :Delay=0.026
Link#18 Traffic=58.100 :Link Speed = 85.840 :Delay=0.036

Average Delay=0.012641859

:Cost[10][5]=0.07253
:Cost[5][1]=0.19600
:Cost[8][9]=0.04691
:Cost{8][1}=0.01163
:Cost{9][5]=0.05587
:Cost[5][6]=0.10981

:Cost{1][2]=0.13571
:Cost{2][8]=30.30053
:Cost[1][3]=0.75941
:Cost[3][7]=25.09815
:Cost[2][9]=5.78112
:Cost[6][3]=0.39211
:Cost[7][4]=0.30967
:Cost[4][3]=0.64523
:Cost[6][4]=27.41379
:Cost[4][10]=0.07241
:Cost[7][10]=0.05690
:Cost[8]{7]=0.02436
:Cost[10](5]=0.07241
:Cost[5][1}=0.19508
:Cost[8]{9]=0.04654
:Cost[8][1]=0.01165
:Cost{9][5]=0.05609
:Cost{5][6]=0.11155
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START LOOP(11)

Shortest Path[1] :-1-3-7-4 Cost of shortest past No.1 = 26.167
Shortest Path[2] :-3-7-10 Cost of shortest past No.2 = 25.155
Shortest Path{3] :-2-9-5-6 Cost of shortest past No.3 = 5.949
Shortest Path[4] :-5-1-2-8 Cost of shortest past No.4 =30.631
Shortest Path[5] :-6-3-7-4 Cost of shortest past No.5 = 25.800
Shortest Path(6] :-4-3 Cost of shortest past No.6 = 0.645
Shortest Path[7] :-5-6-3 Cost of shortest past No.7 = 0.504

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 60.632 :Link Speed = 85.726 :Delay=0.040 :Cost[1]{2}=0.13613
Link#2 Traffic = 84.015 :Link Speed = 85.726 :Delay=0.584 :Cost[2][(8]=29.28606
Link#3 Traffic=55.158  :Link Speed = 64.295 :Delay=0.109 :Cost[1][3]=0.77018
Link#4 Traffic = 84.045 :Link Speed = 85.726 :Delay=0.595 :Cost[3][7]=30.34075
Link#5 Traffic = 19.616 :Link Speed = 21.432 :Delay=0.551 :Cost[2][9]=6.50217
Link#6 Traffic= 14.117 :Link Speed = 21.432 :Delay=0.137 :Cqst[6][3]=0.4005 1
Link#7 Traffic = 49.971 :Link Speed = 64.295 :Delay=0.070 :Cost[7][4}=0.31335
Link#8 Traffic = 0.770 :Link Speed = 2.857 :Delay=0.123 :Cost[4][3]=0.65601
Link#9 Traffic = 2.529 :Link Speed = 2.857 :Delay=0.337 :Cost[6][4]=26.52431
Link#10 Traffic = 4.230 :Link Speed =21.432 :Delay=0.058 :Cost[4][10]=0.07243
Link#11 Traffic=47.000 :Link Speed = 85.726 :Delay=0.026 :Cost[7][10]=0.05716
Link#12 Traffic= 12.925 :Link Speed = 64.295 :Delay=0.019 :Cost[8][7]=0.02436
Link#13 Traffic = 4.230 :Link Speed = 21.432 :Delay=0.058 :Cost[10][5]=0.07243
Link#14 Traffic=64.790 :Link Speed = 85.726 :Delay=0.048 :Cost[5][1]=0.19557
Link#15 Traffic=27.090 :Link Speed = 64.295 :Delay=0.027 :Cost[81[9]=0.04645
Link#16 Traffic = 0.000 :Link Speed = 85.726 :Delay=0.012 :Cost[8][11=0.01167
Link#17 Traffic =46.706  :Link Speed = 85.726 :Delay=0.026 :Cost[9][5]=0.05630
Link#18 Traffic =58.146  :Link Speed = 85.726 :Delay=0.036 :Cost[51[6]=0.11270
Average Delay=0.01300872

START LOOP(12)

Shortest Path[1] :-1-2-8-7-4 Cost of shortest past No.1 = 29.760

Shortest Path[2] :-3-7-10 Cost of shortest past No.2 = 30.398

Shortest Path[3] :-2-9-5-6 Cost of shortest past No.3 = 6.671
Shortest Path[4] :-5-1-2-8 Cost of shortest past No.4 =29.618
Shortest Path[S] :-6-4 Cost of shortest past No.5 = 26.524

Shortest Path[6] :-4-3 Cost of shortest past No.6 = 0.656



Shortest Path{7] :-5-6-3

Cost of shortest past No.7 = 0.513

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 60.732
Link#2 Traffic = 84.048
Link#3 Traffic = 54.997
Link#4 Traffic = 83.937
Link#5 Traffic = 19.685
Link#6 Traffic = 14.157
Link#7 Traffic =49.974
Link#8 Traffic=0.783
Link#9 Traffic = 2.526
Link#10 Traffic = 4.217
Link#11 Traffic = 47.000
Link#12 Traffic = 13.037
Link#13 Traffic =4.217
Link#14 Traffic = 64.729
Link#15 Traffic =27.011
Link#16 Traffic = 0.000
Link#17 Traffic = 46.695
Link#18 Traffic = 58.183

:Link Speed = 85.729
:Link Speed = 85.729
:Link Speed = 64.297
:Link Speed = 85.729
:Link Speed = 21.432
:Link Speed = 21.432
:Link Speed = 64.297
:Link Speed = 2.857

:Link Speed = 2.857

:Link Speed = 21.432
:Link Speed = 85.729
:Link Speed = 64.297
:Link Speed =21.432
:Link Speed = 85.729
:Link Speed = 64.297
:Link Speed = 85.729

:Link Speed = 85.729

:Link Speed = 85.729

Average Delay=0.012985776

START LOOP(13)
Shortest Path[1] :-1-3-7-4
Shortest Path{2] :-3-7-10
Shortest Path[3] :-2-9-5-6
Shortest Path[4] :-5-1-2-8
Shortest Path[5] :-6-4

Shortest Path{6] :-4-10-5-6-3

Shortest Path[7] :-5-6-3

:Delay=0.040
:Delay=0.595
:Delay=0.108
:Delay=0.558
:Delay=0.572
:Delay=0.137
:Delay=0.070
:Delay=0.124
:Delay=0.337
:Delay=0.058
:Delay=0.026
:Delay=0.020
:Delay=0.058
:Delay=0.048
:Delay=0.027
:Delay=0.012
:Delay=0.026
:Delay=0.036

Cost of shortest past No.1 =27.759
Cost of shortest past No.2 = 26.760
Cost of shortest past No.3 = 7.188
Cost of shortest past No.4 = 30.672
Cost of shortest past No.5 = 26.032
Cost of shortest past No.6 = 0.663

Cost of shortest past No.7 = 0.518

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic = 60.693
Link#2 Traffic = 83.954
Link#3 Traffic = 54.987
Link#4 Traffic = 83.970
Link#5 Traffic = 19.740

:Link Speed = 85.714
:Link Speed = 85.714
:Link Speed = 64.286
:Link Speed = 85.714
:Link Speed = 21.429

:Delay=0.040
:Delay=0.568
:Delay=0.108
:Delay=0.573
:Delay=0.592
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:Cost(1][2}=0.13721
:Cost[2](8]=30.33995
:Cost[1][3]=0.74337
:Cost[3][7]=26.70236
:Cost[2] [2]=7.01 828
:Cost[6][3]=0.40496
:Cost[7][4]=0.31341
:Cost[4][3]=0.66385
:Cost[6][4]=26.03204
:Cost[4][10)=0.07232
:Cost[71[10]=0.05716
:Cost[8][7]=0.02447
:Cost[10][5]=0.07232
:Cost[5][1]=0.19440
:Cost[8][9]=0.04625
:Cost[8][1]=0.01166
:Cost[9][5}=0.05627
:Cost[5] [§]=0. 11299

:Cost[1][2]=0.13691
:Cost[2]{8]=27.65608
:Cost[1][3]=0.74348
:Cost[3][7]=28.17444
:Cost[2][9}=7.51077



Link#6 Traffic = 14.202 :Link Speed = 21.429 :Delay=0.138
Link#7 Traffic=49.976  :Link Speed = 64.286 :Delay=0.070
Link#8 Traffic =0.781 :Link Speed = 2.857 :Delay=0.124
Link#9 Traffic = 2.524 :Link Speed = 2.857 :Delay=0.336
Link#10 Traffic =4.219 :Link Speed = 21.429 :Delay=0.058
Link#11 Traffic =47.000 :Link Speed = 85.714 :Delay=0.026
Link#12 Traffic=13.006 :Link Speed = 64.286 :Delay=0.020
Link#13 Traffic=4.219  :Link Speed =21.429 :Delay=0.058
Link#14 Traffic =64.680 :Link Speed = 85.714 :Delay=0.048
Link#15 Traffic=26.947 :Link Speed = 64.286 :Delay=0.027
Link#16 Traffic = 0.000 :Link Speed = 85.714 :Delay=0.012
Link#17 Traffic=46.687 :Link Speed = 85.714 :Delay=0.026
Link#18 Traffic = 58.225 :Link Speed = 85.714 :Delay=0.036

Average Delay=0.013024867

START LOOP(14)

Shortest Path[1] :-1-2-8-7-4 Cost of shortest past No.1 = 28.131

Shortest Path[2] :-3-7-10 Cost of shortest past No.2 = 28.232

Shortest Path[3] :-2-9-5-6 Cost of shortest past No.3 = 7.680
Shortest Path[4] :-5-1-2-8

Shortest Path[5] :-6-4

Cost of shortest past No.4 =27.987
Cost of shortest past No.5 = 25.728
Shortest Path{6] :-4-3 Cost of shortest past No.6 = 0.663
Shortest Path[7] :-5-6-3 Cost of shortest past No.7 = 0.524

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic=60.712  :Link Speed = 85.714 :Delay=0.040
Link#2 Traffic = 83.959 :Link Speed = 85.714 :Delay=0.570
Link#3 Traffic = 54.958 :Link Speed = 64.286 :Delay=0.107
Link#4 Traffic = 83.950 :Link Speed = 85.714 :Delay=0.567
Link#5 Traffic = 19.752 :Link Speed =21.429 :Delay=0.596
Link#6 Traffic = 14.209 :Link Speed = 21.429 :Delay=0.139
Link#7 Traffic = 49.977 :Link Speed = 64.286 :Delay=0.070
Link#8 Traffic =0.783 :Link Speed = 2.857 :Delay=0.124
Link#9 Traffic = 2.523 :Link Speed = 2.857 :Delay=0.336
Link#10 Traffic=4.217 :Link Speed =21.429 :Delay=0.058
Link#11 Traffic=47.000 :Link Speed =85.714 :Delay=0.026
Link#12 Traffic=13.027 :Link Speed = 64.286 :Delay=0.020

:Cost[6][3]=0.41027
:Cost[7](4]=0.31394
:Cost[4][3]=0.66287
:Cost[6][41=25.72769
:Cost[4]{10}=0.07235
:Cost[7][10}=0.05719
:Cost[8][7]=0.02445
:Cost[10][5}=0.07235
:Cost[5][1]=0.19374
:Cost[8][9]=0.04611
:Cost[8][1]=0.01167
:Cost[9][5]=0.05627
:Cost{5][6]=0.11343

:Cost[1]{2]=0.13712
:Cost[2][8]=27.84398
:Cost{11[3]=0.73877
:Cost[3][7}=27.54197
:Cost[2](9]=7.62345
:Cost[6][3]=0.41112
:Cost[7][4]=0.31397
:Cost[4][3]=0.66432
:Cost[6][4]=25.64276
:Cost[4][10]=0.07233
:Cost{7][10]=0.05719
:Cost[8][7]=0.02447
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Link#13 Traffic = 4.217 :Link Speed = 21.429 :Delay=0.058
Link#14 Traffic = 64.669  :Link Speed = 85.714 :Delay=0.048
Link#15 Traffic=26.933  :Link Speed = 64.286 :Delay=0.027
Link#16 Traffic = 0.000 :Link Speed = 85.714 :Delay=0.012
Link#17 Traffic = 46.685 :Link Speed =85.714 :Delay=0.026
Link#18 Traffic = 58.232 :Link Speed = 85.714 :Delay=0.036
Average Delay=0.013024349

START LOOP(15)

Shortest Path{1] :-1-2-8-7-4 Cost of shortest past No.1 = 28.320
Shortest Path[2] :-3-7-10 Cost of shortest past No.2 = 27.599
Shortest Path[3] :-2-9-5-6 Cost of shortest past No.3 = 7.793
Shortest Path[4] :-5-1-2-8 Cost of shortest past No.4 = 28.175
Shortest Path[5] :-6-4 Cost of shortest past No.5 = 25.643
Shortest Path[6] :-4-3 Cost of shortest past No.6 = 0.664
Shortest Path[7] :-5-6-3 Cost of shortest past No.7 = 0.525

Setting traffic in each link and adjusting trunk speed :

Link#1 Traffic=60.712  :Link Speed = 85.714 :Delay=0.040
Link#2 Traffic = 83.959 :Link Speed = 85.714 :Delay=0.570
Link#3 Traffic = 54.958 :Link Speed = 64.286 :Delay=0.107
Link#4 Traffic = 83.950 :Link Speed = 85.714 :Delay=0.567
Link#5 Traffic=19.752  :Link Speed = 21.429 :Delay=0.596
Link#6 Traffic = 14.209  :Link Speed =21.429 :Delay=0.139
Link#7 Traffic = 49.977 :Link Speed = 64.286 :Delay=0.070
Link#8 Traffic = 0.783 :Link Speed = 2.857 :Delay=0.124
Link#9 Traffic = 2.523 :Link Speed = 2.857 :Delay=0.336
Link#10 Traffic = 4.217 :Link Speed = 21.429 :Delay=0.058
Link#11 Traffic=47.000 :Link Speed = 85.714 :Delay=0.026
Link#12 Traffic = 13.027 :Link Speed = 64.286 :Delay=0.020
Link#13 Traffic =4.217 :Link Speed =21.429 :Delay=0.058
Link#14 Traffic= 64.669 :Link Speed = 85.714 :Delay=0.048
Link#15 Traffic=26.933  :Link Speed = 64.286 :Delay=0.027
Link#16 Traffic = 0.000 :Link Speed = 85.714 :Delay=0.012
Link#17 Traffic=46.685 :Link Speed = 85.714 :Delay=0.026
Link#18 Traffic=58.232 :Link Speed = 85.714 :Delay=0.036

Average Delay=0.01302 4249

:Cost[10][5]=0.07233
:Cost[5][ l‘]=0. 19354
:Cost[8][9]=0.04607
:Cost[8][1]=0.01167
:Cost[9][5]=0.05627
:Cost[5][6]=0.11349

:Cost{1][2}=0.13712
:Cost[2][8]=27.84398
:Cost[1][3]=0.73877
:Cost[3][7]1=27.54197
:Cost[2][9]=7.62345
:Cost[6][3]=0.41112
:Cost[71{4]=0.31397
:Cost[4][3]=0.66432
:Cost[6][4]=25.64276
:Cost[4]{10]=0.07233
:Cost[7][10}=0.05719
:Cost[8][7]=0.02447
:Cost[1 0} [5]=0.07233
:Cost[5][1]=0.19354
:Cost[8][9]=0.04607
:Cost[8][1]=0.01167
:Cost[9][5]1=0.05627
:Costf5][6]=0.11349
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