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ABSTRACT

Nowadays, telecommunication technology is applied to deliver the voice traffic over packet
switched network instead of the delivery voice via Pubic Switch Telephone Network (PSTN). VolIP
technology is the cost effective voice transmission system since Internet Protocol is the most widely
used protocol. Ilowever, 1P Network is not designed to support delay sensitive traffic such as voice
traffic; therefore, VoIP network design has to concern with many factors which effect on quality of

service, investment, and operating cost,

VoIP Network Design Assistant Tool is able to calculate important designed factors e.g.
Gateway sizing, Gatekeeper sizing, 1P link sizing, etc. The calculation will be displayed as VoIP

Network graphic, Gateway sizing, Gatckeeper quantities, IP link sizing and Gateway administration

zoning,

The result of this project gives VoIP Network Design Assistaﬁt Tool which is a program to
help verifying main equipment sizing and IP link sizing. The operation will show the difference of
the quality of voice service when designed factors are changed. The result can be analyzed and
considered to verify the suitable design for requirement and operating cost. This leads to help the

designer make more convenient and quicker.
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AAA = Authentication/Authorization/Accounting

ATM = Asynchronous Transfer Mode

ATM-AALL = Asynchronous Transfer Mode — ATM Adaptive Layer 1

ATM-AALS = Asynchronous Transfer Mode — ATM Adaptive Layer 5

BHCA = Busy Hour Call Attempt

CRTP = Compressed Real Time Protocol

DTMF = Dual Tone Multi Frequency

FR = Frame Relay

ISDN = Integrated Services Digital Network

IP = Internet Protocol

ITU-T = International Telecommunication Unions —
Telecommunications (Standardization) [formerly: CCITT]

LAN = Local Area Network

MOS x Mean Opinion Score

NMS = Network Management System

OSI = Open Standard Interconnection

PCM | = Pulse Code Modulation

PPP = Point to Point Protocol

PSTN = Public Switch Telephone Network

RTP = Real Time Protocol

RTCP = Real Time Control Protocol

upp = User Datagram Protocol

VAD = Voice Activity Detection

VoIP = Voice over Internet Protocol

WAN = Wide Area Network
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nanlumsauninly 1y Souunudie conT D

Busy Hour Factor ll&W0M1UA 4 BHF

v &
AIUY

A(E) =cctT_BH (4171} / 60

9 =y 1 . o7 1 d o ] P
Mnualinszuiumsfade (Call Processing) Diaaums1Fanudy 1o nesidusvessruraii

¥
AUNUT AU

A(E)=[contT BH (171) * 1.1)/60...(7)
= [contT_D (1%) * BHE * 1.1)/ 60.......... (®)

¥ v ¥
TUABUR 2 A1 11129955 19911

vintSsmsminiidnoa 18 lums s Tnsdmuadi Blocking Probability (Grade of
Serviee) ushszyganmms i uins Tasdmuasasans Tns? 1000 Erlang B Formular
M30A91AA1519 Erlang B
[ v
fviuald

a P 3/ = 8

s ldou Weunnudae a

Wwamsila @ouunuds A

Blocking Probability (ligumudag E,

q' 8 1 3 u'; A:id g} .
nmmaﬂmmmﬂﬂfamaem‘luuma::ﬂiamawﬂmwnmﬂ‘umumﬂqsa (Mean Holding

Time) WHUUNTA 20 MIIT

-4
LI

Uy

n{(313) =[ A(E), E/]

[ ] ar ) ar | ] & 1 ar
"Erlang nJuﬂmwmmsmﬂsmm'nﬂﬂWﬂTﬂuw'Jﬂnmﬁi%’mmam"lu‘mmamm U dans
TdemaesTunm 1 $2Tus e 60 w1

1 Erlang (E)= (3o 1991142993 60 w17 = naniildenunans 3,600 3111
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s 4. . | 9060 519 e
TUADUN 3 ATUIUMIVUINUD AR
Lﬁammﬁ_mqmwsﬁﬁmmﬂ%’ammmfumau'ﬁ' 2 TUTOAMIUMINIAYBUNAE SaT
5000069

VUIRAVOUNADG (BL) = /30 ..ooooovvvovrroroereeesoeeeeeeooeeeeonssoooooooooooooeo ©)
trrmveswamsatius gy dc
A061MINIVIIAYRI el lefmualSiams 14 N M]

- nmﬁ1%'1un1SﬁuﬂmﬁgﬂmﬁTmﬁﬁ’maﬂmaﬂn“ﬁu 1 Funiy 2,000 1 9549.

- Busy Hour Factor IM101 15 Lﬂﬂiﬁiusﬁ‘

- Mean Holding Time 11101 4 119

- Probability of Blocking (1D 1 1)ediwsass
VIPEUMIA (8) s e Sinams e 1 Saft
ACE) = [conT_D (M) * BHE X111/ 60....ceoo oo oo (8)

=[2,000 % 0.15 * 1.1]/60 = 36.7E

AU TUILUINDT 919A1T14 Erdang B TUAIAHNIN 9 92 189199102995197 0 49 7995

NTUNTT (9)
WAAVDIUNAE = 1/ 30
VPIAVOUNAIT = 4930 = 1.63

¥
Qf s

Ay neveunandyihy 2 Bl
2.9.2 MIMUINUNTNIY Gatekeeper
$14U Gatekeeper  InngiulSurans il lnan TagdosiiusanidSnams il

0 ¥ L3 ¥
Tvan BHCA) luudaziuh Taefidunoumsaiuingei

;1 1
AUnoUf 1 f1u2am1 BHCA voudas ug

aUNTOMUINNT BHCA vowdnz Tnua 1 saumsi (10)
Aualiy
o 2 o= )
VIUIMATIVEINs InsTu 60 w1i Fouunuda canl g
r 3 r r
nmmﬁwmm'i'iﬂi’f\ﬂmq%sﬁlmmaxﬂ%\wwﬁ’aTmﬁﬁms“l%’ammﬂqﬂ (Mean Holding

Time WOUUNUA I MUT
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BHCA Tuusiag Tnua = cetT BH (unfi)
= call_H* MHT (U1)..oocveeeeeeeoe oo (10)

3 '
THnDUN 2 AWMU Gatekeeper

MWITOAUIMNIIUIY Gatekeeper IAGsawnIIT (1)

§1UIUYDI Gatekeeper = BHCA 59490990 Inun (BHCA) (1)

aamenselumsdamsiFuamswiflnveGatckeeper(BHCA)

2.9.3 ANIMMINNAYDINDUA IS99 ( Dladindedin )

Tagdlnd 1 299sesdosmsuunaion 64 Alatndaduis g%y VoIp WAVUIAYDY

ooy a1 E 1 = = =y =1 @ u’: dy 3 t o
HUUAINNADII9TUAUNTIT 64 ﬂIﬁ‘U‘n(‘]f]'Ju’lﬂ muu‘luimwmu mmmmmmqm
N ¥
e gy 64 Taviinssiuanded
a ¥
mruald
o o =1 b4
HUUAIAVIAD 99T 1UYUUNU A BWperCh
t o £3 o

ﬂ'lﬂ'lﬂ“ﬂ! IUaHENUAIY M

Voice Coder Bandwidth ﬁﬂmmuﬁ”m CoderBW

Layer 2 Size (U0UUNUAIY 1,28

Layer2 Payload Wonunudy L2p

Control Overhead Lﬂ'ﬁ'ﬂmmuﬁ”w CP

Layer3-5 Size 1@euunu@ L3458

Layer3-5 Payload {811nUA 8 1.345P

Layer 3-5 Header iguunu@ e 1345

Voice Sampling Interval (RgUUNUAE VSI

Voice Samples per Frame 1o UlnUuA0 VSE

Layer 6 Size WounuA e L6S
BWperCh ( iladindoduni) =M * 64 GTadmdedunfy.. oo (12)

b4
TunounIAHIUNIAIR IR (Multiplier)

M= (CoderBW in kbps/64 kbps) * (128 15 (13)
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128 = L2H + 2P

L2P = [100/(1- %CP)] * ((L345S) /L.345P)

Control Overhead Y29 RTCP 91031531 1U REC Smuald lidutlssuim 5 % vouwugsay
3710 L3458 = L345H + 1,345P

L345P = y11aveq lofufinifa (IP Packet Size ) A114701970

= VSL{MS) * VEF ¥ L6P......oiiiisiiceeeeees oo (14)

Y 1 o oy e i e
ﬂ’J'EJU”Nﬂ']'J'ﬂ"lu’llﬂ!ﬂ'lﬁllu1ﬂ‘llﬂxumuﬁ'lﬂﬂﬁf]’]\i'i)i!ﬁ@ﬂ']ﬁﬂﬂ

Voice Coder G.729 8 kbps

VAD =70%

Layer 3-5 Header = cRTP U319 5 LI‘U‘VT

Control Protacol = RTCP 3 Control Overhead TaitAn 5 %

o] ' o < 3/ o
Layer 2 i1 ATM -AAL 1 flvwia 53 Tuif nozisaino? o Tusiuazunnavesdoun 44 o
M = (8 kbps/64 kbps) * ( 53/44) = 0.1506

BWperCh ( filatingadui) = 0.1506 * 64

=9.638 Aladnaeduin

fmnden Layer 2 (dhy Frame Relay, PPP 30 Ethernet 7 Layer 2 Size /Layer2 Payload 2u1)5

AUAUVUIAUBILT AR

2.9.4 miﬁmmﬂwmmméaé‘r’wutmmﬁlt#emzﬁﬁﬂﬁuﬂ (IP Link)
MINANAISA (6) T1150A149%U IP Link/Line Speed (bps)

LS = BWLink (bps) *LineU
lasannsadiamvuiavesuuddavngesns 1dam 18840
BWLink (kbps) = n * BwperCh
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MesuMsiIuvaysdedynaiisouseniignug

o . . LY © i 1w oy ot
MHUA Line Utilization (M1AY 70 U§1149119957 149116 40 15uaz lFuIdIando199s

WY 12 kbps vzfivinavesdedaana luudazidumarhty

LS (bps) {40 * 12,000) * 0.70

336 Alaindsduli

o

2.9.5 AOUMMANUMTIVBIMTaITuanas (End to End Delay )

v U
'

9 J

r s
@NIOAIUINNW End to End Delay 8@ 97 18na1nluiade 2.87 aunss (3) fail
End to End Delay (ims) = CD + PD + DJBD + SD+ QD + 8SwD + PD

fmualy Other Delays 19 Network Delay (Serialization Delay+ Queuing Delay + Switching Delay

1
{82 Propagation Delay A9111
End to End Delay (ins) = (CD+ PD+ DJBD) + Other Delays.......ccvvvereeeirssiieeeeeeosie (16)

L
Tulnssomiigmual® Other delays Ao Network Delay 1A% Propagation Delay (/1
wlshdianad 20 dadduni lasRannszoznisgailnofigaludeslnelaiau 3,000 Alamnsi

'
o s M

1 Propagation Delay #idasuduloudimaashiy 18 Tadsuii iazfiual Network
Delay  d3z310i 2 283117 1109910 Latency Delay  v0391/n7al Router 3 l1logh 200

T Tas3undt §aiiu

End to End Delay (ms) = (CD + PD + DjBD) + 20

AIMWANUAANE (ms) = CD + PD + DBD

A . . . <3 'Y oaom P
UM Coder Delay, Packetization Delay uag Dejitter Buffer Wun NUAINDAVHALRS

¥ y

ndonsosna1ddildna g luide 2.8.7 Sai

GWD (ms) = CoderLA (ms) + Delay per Frame (ms)

Delay per Frame (ms) =[VSI (ms) * VSF] * 2

N300 Coder Delay , Packetization Delay 8¢ Dejitter buffer I491n a1 M57 (@)
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NANY Delay (ms) = [CoderLA(ms) + (VST (ms) * VSF)] * 2

AI0EMIMUINMIATEnd to End Delay  L0R1MUAAT Voice Sampling Interval (1A 10
= =30y - 1 of A 1
NanIuiuas Voice Sample per packet IN1AY 2 Y849 Voice Coder G.729 #431a1 Voice Coder Look

Ahead (110U 5 Tadduii

AUUIN

End to End Delay (ms)= (CD + PD + DjBD) + 20
= [CoderL A(ms) + (VSI {ms) * VSF) ] *2+20
=[5ms+ (10 ms*2 Samples per Packet)] * 2 + 20

=70 Naaiu1i
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3 daundn fail

1. dwudadeiudly

VINMIBBALUUMITIOU Tsunsutweonuun Tasadiy VoIp dudasenudldzthy
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3.3 mswWannldsunsy
3.3.1 m‘%"mﬁaﬁ‘u'w‘lumsﬁmuﬁﬂsumu

Tﬂmﬂi:Jﬂnﬂ“luﬂ1saammuiﬂswwgnwmmﬁumﬂ Tilsunsy Visual Basic 1y0¥4y 6

s Tusunsy Visual Basic nJuTﬂmﬂsumymﬁmﬁﬂummmmuewwmﬂmuumuTﬂ'ﬂﬂ

BYNALAING 10159 mﬂ'5muaﬁuuﬁuumﬂmﬂmmﬂ‘lnTﬂwaﬂmmﬂmuswauq o

Tﬂmnsumﬂ“lumiaammuTﬂswwu"I.:J“lﬂﬂsuniuwmmmmsﬂa“lm Tl uiludoald

AT lunisduaannmin Tawdi Tdsunsu Ty Tasseridnaa (Microsoft Excel) (Hudau
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3.3.2 Toyanlilunisesnuuuuazannivsunsy

1. qmﬁuﬁ'ﬁmm Yoice Coder

ar o

AMANTAYD Voice Coder niomifiudadaaamdazlsznmuanslumsies 3.1
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M3 3.1 fuaniAves Voice Coder nionsiivsadyapaudazlszny

‘Emﬂﬂﬂj@q Voice Coder 89710151415 Watldnanaweardsy  [wuravoassy
(Aladnaedund) | Gadduri (luvh)
G.711 PCM 64 0.125 1
G.721 ADPCM 32 0.125 0.5
G.726 ADPCM 16 0.125 0.25
G.726 ADPCM 24 0.125 0375
G.726 ADPCM 32 0.125 0.5
G.726 ADPCM 40 0.125 0.625
G.723.1 ACELP 53 30 20
G.723.1 MLQ-ACELP |63 30 24
G.728 LD CELP 16 0.125 0.25
G.729 CS-ACELP 8 10 10

2. gueniinveansiaiesilwsinnoauaznouTnsalnsinnea
niwrdeialualanen M¥msvudadayassnhdumsfutaisnig TuTasede vorp
seaili 2 dszam fo tseni 199 ube, RTP Fawdy 1P Uszinnii 2 fie 14 crTP

ol o 4 ' A o o {
dumstiudaoanos (Header) nldnnquarsdsdeyn Tgmautduaasdumsed 3.2

M99 3.2 nnaamesveansmatlesains lnneai1eluInse e VoIP

vavenswilodnTns Tnnoa (luyh) YIavauennss (lum)
P 20

UDP 3

RTP 12

CRTP 2-5

Goalndneuinsalnsinnea (RTCP) LfluﬂauTmaiwﬂmﬂﬂa*ax‘ﬁaﬂumﬁmnqu
or [ L o) ' A o oy @ A @ o
anwRamMvesnsaseyalsziandynauiossenhantes Tnsdnidunietuinde s Tns dt
aenis

3. pumifAvesmidedlnsinnen

a o 4 y or {
Inssad1eveenidnass ns lanea ﬁ“l%’iun1saan;1uuTﬂswmﬁuﬁmﬂqmmﬁ 3.3
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Uszinnvesnidn | vinaves YUIAYDUTALADS vuravesdiudoya
9 Ins Tanoa wsu o) | o) (lus)

ATM-AALI 53 9 44

ATM-AAL2 53 6 47

Frame Relay Variable 7. IP Packet Size

PPP Variable 6 IP Packet Size

802.3 Ethernet Variable 26 IP Packet Size

4. 8R1AUY 12995
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M19197 3.4 uazdredrefoyaszoemaazarszsmadiolfilsznoulumsiasgiagesein

Aumadalaremaaaslug

5199 3.5

i Q 1 ] H I ar o [}
MINN 3.4 onsia 99 Tudlsennneslsznnd 1 MUIATIUDIAMT [N ANl sema

Tne (11i98: um)
[ 510013 Wndn |0 - 125]126 — 200|201 — 351 [351-600 | 600 .
Aanu AYl. a1, . A, )

2.048 Mbps | 74,000 | 99,000 | 124,000 149,000 199,000 249,000
1536 Mbps | 64,000 | 80,000 | 108,000 130,000 173,000 217,000
1.024 Mbps | 50,000 | 68,000 | 85,000 102,000 136,000 170,000
768kbps | 42,000 | 57,000 | 71,000 80,000 115,000 145,000
512kbps | 32,000 [45000 | 50,000 67,000 90,000 112,000
384 kbps 27,500 | 37,500 | 47,000 60,600 75,500 93,600
256 kbps 21,500 20,500 37,000 44,500 59,500 74,600
192 kbps 17,500 | 26,000 | 31,500 37,600 50,500 62,500
128 kbps 13,500 | 19,500 | 24,600 20,500 30,500 40,600
64 kbps 9,000 12,500 | 16,500 19,500 25,500 32,500
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aumatalaone
ady |dunna laenig THSNN (NY.) FRILUZNN
1 ERY nazdl R T 600 1. $u'll
2 ATUNW MYIUYT 110 0 - 125 .
3 ATUNN mudug 437 351 - 600 AW,
4 NFUNN AW 319 201 - 350 N,
5 NYUNW YOULNY 388 351 - 600 N,
6 AFUNN NGTE 214 201 - 350 A1,
7 NN RLLFUNST Aami (61) 7. Aafiu
8 ATINN TS TE] 68 0 - 125 .
9 ATANN Houm 164 126 - 200 A,
10 NTAUNY Hogi 280 201 - 350 N,
1 DTN WS 390 351 - 600 M,
12 AFANN Hyas10 684 600 nar, 'l
13 NFIANY (o9 1 582 351 - 600 .
14 AFUNT afe 693 600 e, "l
15 ATUNH A31A 275 201 - 350 Y.
16 NIUNH AN 376 351 - 600 Y.
17 AN UATUION AANY (90) 27 Aaf
18 ATUNNW uAsdgw dafiu (50) 7. fafi
19 NFIUNN UATHUY 610 600 . ')
20 ATUNN UATTIUAN 217 201 - 350 nw.

5. 11519 Erlang B

o 1 o o el o
ﬂ’l'iﬂ']"llu']ﬂlﬂﬁt'w"llﬂﬁllﬂﬂzI‘Huﬂﬂ'}H'Jﬂl‘ﬂ'IﬂﬁJ'm']u’J\‘l’i]ﬁ‘l’IﬁENﬂﬁ Tﬂﬂﬂ'l‘ﬂﬂﬂﬂﬂlﬂ'l‘ﬂﬂ'ii

' 3 ¥
“lﬁmmiw?aﬁmuﬂmmmxﬂu"lﬂ"lsé’fﬁmsTﬂiﬂ%’quu%z"lu"lﬁ'sun?ms ANUTURUTRInd 1

annsnagifuesns Brang B dauaaslumined 3.6
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M19197 3.6 #2081991329 Erlang B uaraanuduiussen-iee Probability of Blocking (E,)

ar

AUSIUINILY (n) Wons1uamsHAnfdm (Tratfic Offered :Ao)

N 0.001 0.002 0.005 0.010 0.020 0.050 0.100
7 1 0.001 0.002 0.005 0.010 0.020 0.052 0.111
2 0.045 0.065 0.105 0.152 0.223 0.381 0.595
3 0.193 0.248 0.349 0.455 0.602 0.899 1.270
4 0.439 0.535 0.701 0.869 1.092 1.524 2.045
5 0.762 0.899 1.132 1.360 1.657 2.218 2.381
6 1.145 1.325 1.621 1.909 2275 2.960 3.758
7 1.578 1.798 2.157 2.500 2.935 3.737 4.666
8 2.051 2.310 2.729 3.127 3.627 4.542 5.597
9 2.557 2.854 3.332 3.782 4.344 5.370 6.546
10 3.092 3.426 3.960 4.461 5.084 6.215 7.510
11 3.651 4.021 4.610 5.159 5.841 7.076 8.487
12 4,231 4,636 5.278 3.875 6.614 7.950 9474
13 4.830 5.270 5.963 6.607 7.401 8.834 10.469
14 5.446 5.919 6.663 7.351 8.200 9.729 11.473
15 6.077 6.582 7.375 8.108 9.009 10.632  [12.483
16 6.721 7.258 8.099 8.875 9.828 11.543  |13.500
17 7.378 7.945 8.833 9.651 10.655 |12.461 |14.521
18 8.045 8.643 9.578 10436 (11.490 113.385 |15.548
19 8.723 9.351 10.330  [11.230 [12.332  (14.314 |16.578
20 9.411 10.068 [11.091 (12.030 |13.181 [15.249 |17.613

3.3.3 ansagunlylumseenuuuinsee Vorp
1 - or a ar
-InseadraveaTnsanientiadiu 2 sedufosedu Core Hazszay Edge
- S Tnusveagmedonunn Tnuadumedamemanniiganhiy 2 Trua
- Network Delay 118z Propagation Delay ﬁmumf]uﬁauﬂiﬁﬁﬁmqﬁ 20 Uaadurhan
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Subroutine MIAIUINUAT Bandwidth per Voice Channel ()

sBVAD =1 - (Val(.txtVAD) / 100) ' BVAD

sDControl = 100/ (100 - ControlProtocol) ‘datalink protocol

Select Case DatalinkProtocol

Case ATM-AALL
sGLink = 1.205

Case ATM-AALS
sGLink =1.1218

Case FR Frame Relay
sGLink = (ControlProtocol + (IntervalTime * SampleRate * Compression / 8) * sDConlrol)
sGLink = (7 + sGLink) / sGLink

Casc PPP
sGLink (ControlProtocot + (Interval Time * SampleRate * Compression/ 8) * sDControl)
sGLink = (6 + sGLink) / sGLink

Case 802.3 Ethernet
sGLink = (ControlProtocol + (IntervalTime * SampleRate * Compression / 8) * sDControl)
sGLink = (26 + sGLink) / sGLink

End Select

sResult = (IntervalTime * SampleRate * CompressionType / 8)

sResult = (ControlProtocol + sResult) / sResult

sResult = (CompressionType * sSBVAD/ 64) * sResult * sDConrol * sGLink

(Bandwidth per voice Channel) = sResult
End Sub

30N 3.9 Pseudo Code UM ImmsmuusIngdores

¥
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Subroutine ATUIUBHCA 0
For each FromNode In InputMatrix
Sumndin =0
For each ToNode In InputMatrix
[f FromNode <> ToNoede then
SumTraffic = SumTraffic+ InputMatrix(FromNode, ToNode)
Next ToNode
BHCA(FromNode)} = SumTraffic*(BusyHourFactor){MeanHolding Time)
Next FromNode
End sub

317 3.10 Pseudo Code dumsfmimm BHCA voausas Jnun

¥
‘Iql’uﬂ'ﬂuﬂﬁﬁ'lH’Jﬂ!ﬂ’lﬂo“luTLI’N’Di‘D"lﬂT‘Huﬂﬁ’uﬂ’lﬂﬂﬂﬁI‘Huﬂﬂﬁ’lﬂ‘n‘lﬂﬂﬂi‘]JﬂTE]u‘V!‘Vl

ﬂ?mm‘nﬂﬂﬁnﬁJmmMWnmw?ﬂcﬁﬁ'ﬂﬂsuﬂmﬁﬁ'ﬂymsmsﬁmuﬁauﬁm"l"ﬂu;ﬂﬁ 3.11

Subroutine GwSizingMatrix()
For each FromNode in InputMatrix
For each ToNode in InputMatrix
GwSizingmatrix(FromNode, ToNode) = Erlang(TnputMatrix(F romNode, ToNode))
Next toNode

Next FromNode

End sub

3N 3.11 Pseudo Code daumssinmmiauasesnn TnuadunielSe Tnustaroms
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Subroutine Circuit&E1()

For cach FromNode in GwSizingMatrix

Sumeircuit = 0

For each ToNode in GwSizingMatrix

SumCircuit = SumCircuit + GwSizingMatrix(FromNode,ToNode)
Next tonode

NumOfCircuit(FromNode) = sumeircuit

NumOfE1(FromNode) = SumCircuit/30

Next FromNode

End sub

31 3.12 Pseudo Code drumsfmurnmunavesnaing

v ¥
TUADUMIATINTBVLDLA MUA Core/Edge Node Hadduil 1 msuasnaey Tnun
o 1 v, ¥ . 14 e 3
yn Inuanasimuald TnuafifiuSinamswilngaiiga luudas ity core Node wonmnthy

5 T ¥ 1
1y Edge Node voaiinfiniu ¢ M lsunsulidnvazmshiouduenalusd 3.13

Subroutine MINTIVADVLAAIMUA Core/Edge Node()
iMax =0
CoreNode =0
For each Area in Network
For each Node in Area
If NumOfCircuit(node) > iMax then
CoreStatus(Node) =0
CoreNode = Node
CoreStatus(Node) =1
iMax = NumOfCircuit(node)
End if
Next Node

Next Area

311 3.13 Pseudo Code #rumsasvrouuazsmuaTnun Edge 14ag Core
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Subroutine MMM MINTN THansEM AT O
For each FromArea in Network
For each ToArea in Network
If FromArea <> ToArea then
For each FromNode in FromArea
For each ToNode in ToArea
AreaTraffic(FromArea, ToArea) = AreaTraffic(FromArea, ToArea) +
NodeTraffic(FromNode, ToNode)
Next ToNode
Next FromNode
End if
Next ToArea
Next FromArea

Engd sub

r v ]
3111 3.14 Pseudo Code drumssiusamSinm nswin sendefud

)

n’j o 1 i 4 du A v o 1 {
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Subroutine ATUIMBHCAUDIATea 0O
For each Area in Network
SumBHCA =0
For each Node In Area
SumBHCA = SumBHCA + BHCA(node)

Next Node

AreaBHCA(Area) = SumBHCA

Next Area

U1 3.15 Pseudo Code drumsdinama BHCA vousoziig
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Subroutine N15ATHUINAT Bandwidth per Voice Channel ()

sBVAD =1 - (Val(.txtVAD)/ 100)' BVAD

sDControl = 100 / (100 - ControlProtocol) 'datalink protocol

Select Case DatalinkProtoeol

Case ATM-AALI
sGLink = 1.205

Case ATM-AALS
sGLink =1.1218

Case FR Frame Relay
sGLink = (ControlProtocol + (IntervalTime * SampleRate * Compression / 8) * sDControl)
sGLink = (7 + sGLink) / sGLink

Case PPP
sGLink (ControlProtocol + (IntervalTime * SampleRate * Compression / 8) * sDControl)
sGLink = (6 + sGLink) / sGLink

Case 802.3 Ethernet
sGLink = (ControlProtocol + (IntervalTime * SampleRate * Compression / 8) * sDControl)
sGLink = (26 + sGLink) / sGLink

End Select

sResult = (IntervalTime * SampleRate * CompressionType / 8)

sResult = (ControlProtocol + sResult) / sResult

sResult = (CompressionType * sSBVAD / 64) * sResult * sDControl * sGLink

(Bandwidth per voice Channel) = sResult
End Sub




2. FIUMSAIHIUN BHCA vouunazInua

Subroutine AMUIMBHCA ()
For each FromNode In InputMatrix
Sumns AN =0
For each ToNode In InputMatrix
If FromNode <> ToNode then
SumTraffic = SumTraffic+ InputMatrix(FromNode, ToNode)
Next ToNode
BHCA(FromNode) = SumTraffic*(BusyHourFactor)/(MeanHolding Time)
Next FromNode
End sub

1 o o A or
3. AIUMIATIUMNIUIUNDTIINIBUaRuMe I g vuadaran1e

Subroutine GwSizingMatrix()
For each FromNode in InputMatrix
For each ToNode in InputMatrix
GwSizingmatrix(FromNode,ToNode) = Exrlang(InputMatrix(FromNode, ToNode))
Next toNode
Next FromNode
End sub
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Subroutine Circuit&E1()

For each FromNode in GwSizingMatrix

Sumeircuit =0

For each ToNode in GwSizingMatrix

SumCircuit = SumCircuit + GwSizingMatrix(FromNode, ToNode)
Next tonode

NumCHCircuit(FromNode) = sumcircuit

NumOfE1(FromNede) = SumCircuit/30

Next FromNode

End sub

5. @IUMINTIVTBUNATIIMHALTAUA Edge 1oz Core

Subroutine N1INTNTDULALANMHNUA Core/Edge Node()
iMax=0
CoreNode = 0
For each Area in Network
For each Node in Area
If NumOfCircuit(node) > iMax then
CoreStatus(Node) =0
CoreNede = Node
CoreStatus(Node) =1
iMax = NumOfCircuit(node)
End if
Next Node

Next Area
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6. aaumsaumina nsiln szreiun

Subroutine MsAMAAMIWAN THansznhaftud 0
For each FromArea in Network
For each ToArea in Network
If FromArea <> ToArea then
For each FromNode in FromArea
For each ToNode in ToArca
AreaTraffic(FromArea, ToArea) = AreaTraffic(FromArea,ToArea) +
NodeTraffic{FromNode, ToNode)
Next ToNode
Next FromNode
End if
Next ToArea
Next FromArea
End sub

. £ /3
7. UMSMUIUAT BHCA vousiaz it

90

Subroutine A1 IBHCAYDIArea ()
For each Area in Network
SumBHCA =0
For each Node In Area
SumBHCA = SumBHCA + BHCA(node)
Next Node
AreaBHCA(Area) = SumBHCA

Next Area
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51009 Whia | 0-125 | 126-200 | 201-351 351-600 600 .
Aanu nal. ny, Y. . sl
2.048 Mbps | 74,000 | 99,000 124,000 149,000 199,000 249,000
1.536 Mbps | 64,000 | 80,000 108,000 130,000 173,000 217,000
1.024 Mbps | 50,000 | 68,000 85,000 102,000 136,000 170,000
768 kbps 42,000 | 57,000 71,000 80,000 115,000 145,000
512 kbps 32,000 | 45,000 50,000 67,000 90,000 112,000
384 kbps 27,500 | 37,500 47,000 60,600 75,500 93,600
256 kbps 21,500 | 20,500 37,000 44,500 59,500 74,600
192 kbps 17,500 | 26,000 31,500 37,600 50,500 62,500
128 kbps 13,500 19,500 24,600 20,500 30,500 40,600
64 kbps 9,000 12,500 16,500 19,500 25,500 32,500
19.2 kbps 6,800 9,800 12,200 14,000 19,500 24,300
9.6 kbps 4,500 6,500 8,100 9,800 12,900 16,200




MARUIN .
AI0819UDYaTTHZNIIMATY IITZHLN I

A qu a 1 v
!Wf’ﬂ“ﬁﬂﬁgﬂﬂﬂﬂ]?ﬂﬂﬂ“"ﬁ]?\ﬁ]ﬁ

! U 1 1 A = ] L]
m3an 4.1 Medideyassezmanazsiszesmadiolfliznoulumsfnaugiessnn

aumatelalema

&1 [Auna Uaeng TEOENN (NW) | FNT8EENN
1 [ngunw nedl 654 600 s, 'l
2 |pgunn MY 110 0- 125 AW
3 |ngamw MIKAUT 437 351 - 600 AW,
4 |pjanv ALY 319 201 - 350 A,
5 Injamw VBLLAY 388 351 - 600 Y,
6 |ngumw N5 214 201 - 350 N,
7 |njunw RLFANT aarmi (61) 9. ANy
8 {ngumw ¥01y3 68 0- 125 na,
9 [n3umw FUM 164 126 - 200 .
10 [pyunn Fogi 280 201 - 350 .
11 [pgamn YUHT 390 351 - 600 N,
12 [pgunw URERY 684 600 . 'yl
13 |njunw (509 11] 582 351 - 600 NY.
14 |nyumw 3 693 600 A, ')
15 [ngamw 7319 275 201 - 350 AL,
16 [pyumn a1n 376 351 - 600 .
17 |pgunn UATUION Aan1 (90) 7. AN
18 |n3umwn AT Ann (50) 97, finnu
19 |[pgunw UATHUY 610 600 . 'l
20 |NIUNN UATTIHAU 217 201 - 350 N,
21 [ngamw UATAIBIINTIY 597 351 - 600 N,
22 [ngamw UATHITIA 221 201 - 350 N,
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Fumadailaenig (@e)

&y |[Aums U FROEMNON) | FaazeEne
23 |ngamun UsIBNE 823 600 nw. 'l
24 |PJUNN 1Y 557 351 - 600 N,
25 [ngamw 13508 312 201 - 350 ),
26 [ngamn Usgomfsdus 230 201 - 350 N,
27 |pgumw IR OINTE 99 0-125 Ay,
28 |ngunw flaanil 767 500 . ')
29 |nganw Ay 602 600 n. ')
30 |pgamn Wag 627 600 A, 'yl
31 |pgamy Wnga 681 600 . 1l
32 [pgunw Wang 298 201 - 350 NY.
33 |ngamw Awny Tan 341 201 - 350 N
34 [ngumw W13 95 0-125 Aw.
35 [ngunw iWrIY5 0l 302 201 - 350 AN,
36 [pgunw N3 487 351 - 600 ML,
37 [nyumn e 693 600 aut. 'l
38 [nyumn UHIENTAY 402 351 - 600 M,
39 [nyumn YNAN 547 351 - 600 A,
40 |ngunn igoadou 673 600 s, Tl
41 [ngunwm vlans 451 351 - 600 NW.
42 |njunw JEL 801 600 oy, Tyl
43 |ngunm fouida 423 351 - 600 A,
44 INTUNN TEUBDY 468 351 - 600 NY.
45 |nguUnw 75099 145 126 - 200 4.
46 [NFUNN 51913 80 0- 125 NU.
47 |PTUNNH YK 116 0- 125 nu.
48 |nJUNW thg 515 351 - 600 A,
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dunadatlatoma @)

&1du [Aunia Uaann TEOENON) | BRIV
49 INJUNW RV 557 351 - 600 N
50 |ngamw (e 434 351 - 600 DAL
51 INUNW AT aZINY 438 351 - 600 N,
52 |njunw ANaunI 542 351 ~ 600 Y.
53 |nyanw A9UA7 725 600 1. 410l
54 [ngUnN ana 792 600 . 'yl
55 |ngumn AYNTAINTIY 68 0- 125 .
56 |ngamw AYNTAING Ay (35) 7. Aany
57 |ngamm A5zuin 169 126 - 200 AW,
58 |ngemmn A321)5 Aafii (95) 7. finfiu
59 |nganv {3155 127 126 - 200 AY.
60 [ngamwn qlvviy 367 351 - 600 NN,
61 |pgamw qNITMY3 90 0 - 125 .
62 |njumm gawgimil 527 351 - 600 AY,
63 |nyunw qBuni 345 201 - 350 N,
64 |ngUNN HUBIATY 514 351 - 600 .
65 |PjunY HUBIT I 434 351 - 600 AY.
66  |[nyunm DYTY anfiy (66) . AR
67 |ngumw 99N 92 0- 125U
68 N3N 91T 500 351 - 600 AL,
69 |nganm ATl 473 351 - 600 N,
70 |nFUNN gAIAND 433 351 - 600 A,
71 |pamw avunl 187 126 - 200 DA,
72 |nTUNN QUATIFEIH 496 351 - 600 Y.
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¢17981901519 Erlang B

M9 0.1 F20919019579 Erlang B ann TR UT 721319 Probability of Blocking ((E,)

o ¥

o A T H
PIMUINI90T () ens AT ARG (Traffic Offered :Ao)

n E 0.001 0.002 0.005 0.010 0.020 0.050 0.100

1 0.001 0.002 0.005 0.010 0.020 0.052 0.111
2 0.045 0.065 0.105 0.152 0.223 0.381 0.595
3 0.193 0.248 0.349 0.455 (.602 0.899 1.270
4 0.439 0.535 0.701 0.869 1.092 1.524 2.045

% 5 0.762 0.899 1.132 1.360 1.657 2.218 2.881
6 1.145 1.325 1.621 1.909 2.275 2.960 3758
7 1.578 1.798 2.157 2.500 2.935 3.737 4.666
& 2.051 2.310 2.729 3.127 3.627 4.542 5.597
9 2.557 2.854 3332 3.782 4,344 5.370 6.546

10 3.092 3.426 3.960 4.461 5.084 6.215 7.510
11 3.651 4.021 4.610 5.159 5.841 7.076 8.487
12 4.231 4.636 5.278 5.875 6.614 7.950 9.474
13 4.830 5.270 5.963 6.607 7.401 8.834| 10.469
14 5.446 5919 6.663 7.351 8.200 0.729]  11.473
15 6.077 6.582 7.375 8.108 9.009 10.632| 12.483
> 16 6.721 7.258 8.099 8.875 0.828, 11.543] 13.500
| 17 7.378 7.945 8.833 9.651| 10.655| 12.461| 14.521
18 8.045 8.643 9.578] 10.436] 11.490| 13.385 15.548
19 8.723 9.351) 10.330{ 11230 12332( 14.314] 16.578
20 94111 10.068 11.091 12.030] 13.181| 15.249] 17.613
211 10.107( 10,792 11.859 12.837| 14.035] 16.188| 18.651

221 10.812( 11.525( 12.634 13.651| 14.895| 17.132| 19.692
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M1519% 8.1 #29019919519 Erlang B UetAanuduRUT 524313 Probability of Blocking ((E,)

Qs

VHIUIN9T () Wonsruam dRn N (Traffic Offered :Ao) (91D)

N 0.001 0.002 0.005 0.010 0.020 0.050 0.100
23| 11.524) 12264 13416 14470 15760 18.079| 20.736
24 12243 13.011 14203 15295{ 16.630 19.030; 21.783
25| 12968 13.763| 14996 16.124] 17.504| 19,985 22.833
26] 13.7001 14.521 15.794] 16.958] 18.382| 20.943| 23.884
270 14438 15285 16.598f 17.797| 19.264| 21.903] 24.938
28| 15.181) 16054 17.405] 18640 20.150[ 22.867] 25.994
291 15.930] 16.827] 18.217| 19.486{ 21.039; 23.833| 27.052
30| 16.683] 17.606| 19.033] 20.337| 21.931] 24801 28.112
31 17442 18.388| 19.853| 21,191 22.826| 25.772| 29.173
32| 18.204| 19.175| 20.677{ 22,048| 23,724 26,745 30.236
33| 18.971] 19.966| 21.504] 22.908| 24.625| 27.720f 31.301
34| 19742 20.760| 22335 23771} 25529 28.697| 32.367
351 20517 21.559)  23.169| 24.638| 26434 29.676] 33.434
36| 21.295] 22360 24.006| 25.507| 27.343] 30.657{ 34.502
37 22078 23.165| 24.846| 26.378| 281253 31.639| 35572
38 22.863| 23.973] 25.688| 27252 29.166] 32.6237 36.642
391  23.652( 24.784| 26.533| 28.128| 30.080| 33.609] 37.714
40| 24.444| 25598 27.381| 29,007 30.997| 34.595| 38.787
41( 25239 26.415] 28.232| 29.888| 31.915] 35.584| 39.861
42| 26036 27.234| 29.084] 30.771| 32.836] 36.573| 40.935
431 26.837| 28.057| 29.939| 31.656| 33.758] 37.564| 42.011
44 27.640| 28.881( 30.796] 32542 34.681) 38.556| 43.087
45| 28446 29708 31.656| 33.431( 35.606| 39.550| 44.165
46| 29.254|  30.537 32.517| 34.322] 36.533| 40.544| 45.243
47/ 30.065| 31.369 33.380| 35.214{ 37.461| 41540 46.321
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M31971 2.1 HB619719519 Erlang B UAAINITUFURUTIEYI19 Probability of Blocking ((E,)

FUBIUIUINRT (n) 1H1ONTIUAT Traffic Offered (Ao) (#10)

n E 0.001 0.002 0.005 0.010 0.020 0.050 (.100
48  30.878] 32,202 34,245 36,108 38.391| 42536 47.401
49| 31.694| 33.038| 35112 37.004] 39322 43.534] 48.481
507 32511 33.876| 35.981| 37.901| 40.255] 44.533] 49.562
511 33331 34716 36.852| 38.800| 41.188| 45532 50.643
52| 34.153| 35557 37.724] 39.700| 42.123( 46.532| 51.725
53| 349771 36.401] 38.598] 40.601( 43.059| 47.534] 52.808
54| 35.802| 37.246] 394731 41504 43.997; 48.536| 53.891
55| 36.630[ 38.093| 40.350| 42.409| 44.935| 49.539| 54.975
56| 37.459) 38942} 41.229] 43.314| 45875 50543 56.059
57| 38291 39.792| 42,108 44.221| 46.816] 51.547) 57.144
58 39.124| 40.644| 42.990| 45.129] 47.757] 52552 58.229
591 39958 41.498] 43.872) 46.039) 48.700{ 53.558 59.315
60] 40.794] 423531 44.756| 46.949| 49.644| 54.565| 60.401
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