2740 ot=ZEXNZ S| =2X Hed M10=(99.10)

LA ASLE 93 Internet-ISDN
Alo]Eglo] XAE Z2EF A=

o
T o =

2

2

TEHU ke FRAT ARGl HHHA 8= Bk FA P4 712 B Ad2 e dFelrh o] B A
AEl s} Aspgite] Z2EZ ASE FYste AU A AoEdold o5 fydr. B —{% T’L
ol ISDNel| H4d dwbdste} QEdl Aaizte] d5g 43 d%59 "aKz 7hsd, 458 A AP’J* 536}91\4
o H3 AFIITF NE Z2EZL EMsld HEVER RIY H9u, T84 Es

7FeidE Bstien, oked A% Zlehst vi=g, A5 £ AT 54 %

_a_,

n!lo
)

Signalling Protocol Validation of Internet-ISDN Interworking

Gateway for Voice Telephony
Sang-Shin Yoo'

ABSTRACT

Critical to more widespread use of Internet telephony are the smooth interoperability with the existing telephone
network and the improved quality of voice connections. Of these requirements, this interoperability comes through the
use of Internet Telephony Gateway’s which perform protocol translation between an IP network and the Public Switched
Telephone Network. In this paper, we have focused on the necessity and possibility of interoperability, and furthermore
derives the necessary requirements for interoperability between IP networks and PSTN. For this purpose, we have
analyzed the signaling protocols for gateway system. Then, we have modelled the inter-working part using the
Petri-Net model. Through reachability trees of the Petri-Net model, we have confirmed that interoperability is possible,
and that characteristics of deadlock, liveness, and boundness are satisfied.
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AHEET AWE Aol XY HREES IH
o}t REGISTERE Ald|oA] Abgate] @ 98 o

HET o] BAE B AlEAE AASR] Al &
9% Fow A49 5 9k
BYEE Z#toldEr}L AdS U7 98 Hrcs

o 790l 3% ATk CANCEL
FaAAT Au 54 Ag

Mu7h 278 F#AYS 4 AdE d2He $He
SR $99 FFE $¢ WA == ¥
o oz Adddt 6719 F2 Sgo] dEd <E >
3} ),

(E 3 SIP 8%
1xx Informational
2xx Successful
3xx Redirection
4xx Request Failure
5xx Server Failure
6xx Global Failure

MulE o] $HES X3 Fo A #a F
o|dEMNA FTAE Felth SIPlM ddg A dste
e ZEA(proxy)®t @ tho] @ E (redirect)@H e
7B & B2 EAY £ ok

A ZZA AME (29 89 Zo] ALEAZRH
INVITE ®IAAE F438E o, mAR Yo 3=
TAAE ElEa, Aol AY HA FRE 55
W3k Location Serverdl H&sto] sy $alzte] &
AL AXNARE Fohd F, AEAE fAsA
INVITE wjA]A& Buld $9& $A% F o]S A1g
Ao Al EeiEch. A7 RE AL gy fE
o AHgAtE BE #AL & B glo] AHdA 2%
e Aoz Tyt
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example.se

Locatlon Server

(2) pgn

fiction.com

@ wn@wnwmni

Hi@fiction.com

=

clence.finction

{1) INVITE pgn@exampie.se {5)

(4) INVITE pan@pepparoni

(7 200 0K (6} 200 OK

(8) ACK pon@example.se (9) 'ACK

sippo papperon!

(J8 8) =Z8A| 2= Sp =&t

Redirect A& (28 99 2] Location MH¥ &
T3 A8t B X E FHodE A LHF 3,
EYOJAER dtolg oA FAAE AY HEHES
ok SHoIAEE Nurt ZokE AR dAZ A

% INVITE 878 dAA A okgt 3}
example.se

Locatlon Server

{4) 302 Moved temporarily

° Contact: pan@pepperoni.example.com |
'nl % {5) ACK pgn@example.se

sclence (6) INVITE

8

3

j=3

£

[

2

]

fi 5
ction.com 3
—_ (1} INVITE pgn@example.se g
ffi@fiction.com’ 2
8

b

sippo

oni.example.se

ogn@pepperni

I (7) 200 OK

i

(8) ACK pgn@pepperoni.example.se

pepperoni

(22! 9) Redirect 25 SIP S&

SIPAAY 2 AAAES (29 10004 R INVI-
TE w4219 cisk 2o] A3 2hel, olef A9 dd 2
=% 0 g 393 A8 7eAE TR 5 Sl

Ae Q) WA bl BRow ZXEHG,

INVITE sip:pgn@example.se SIP/2.0
Via: SIP/2.0/UDP science fiction.com
From: Fingal <sip:ffl@fiction.com>

To: Patrik <sip:pgn@example.se>
Call-ID: 1234567890@science.fiction.com
CSeq: 1 INVITE

Subject: lunch at La Empenada?
Content-Type: application/sdp
Content-Length:...

v=0

o=ffl 53655765 1253687637 IN IP4 123.4.56
s=Chorizo

c=IN IP4 science.fiction.com

m=audio 5004 RTP/AVP 0 3 5

(38 10) SIP 27 HIAIX] of



2748 SIRBEMEIST =EX Mo M10=(92.10)

AHe 22 s zZ2EZ] AEE &k AW
9ukA 0 2 SPP(Session Description Protocol) S AM-&-
A 71ed A4 71ee AR wo 224 ¥F
ok

3.4.2 SIP Az Aol

A AHAUS SIP HAAE T 949 44 o
A 715S SR8y Al LT7HE 6719 HAA
2 Yolusgted), (2¥ 1D)e FeloldES ArdA
oj& THar] & A Aol eg HoFETh

liee picks uj
j200
TUINVITE < StalS/ACK INVITE/1XX Final

failure/ ACK/status
>=300 Shatus

INVITE/status

(a (b)
(3% 11) SIP MEjHMOI=

(a) FFolUE FEHOl= (b) AHZ Ml E

TenNITE Ta/status

4. ISDN2t QA MEWA HF

4.1 AolEfloloMel Az Hxt

ISDN 213 A2d3 AeaA 9 SIP AE AJ2F
el d%e 44 44 2 daldd AgHE A &
AN 1 bR e Rt vk & ATl
A 7zt A% AxdoA BAstE AE AR Y

A 9e Fol A% /152 ATHE Aotk o
walw 4% s5¥e) 43 BEES SIPS ISUPHA
TS A5 NS BAse gy dEge A
5 AR st FozA P AFEL ALsE
Aolth. Wetd ddol 44FY W, AdEdolg

—

BE fAAe FR/ACM, 1AM,
INVITE, BYE, ..)olt}. B8 WAlA] o] X3 A&
T 2237 AR ol wARY 54 AAE £
HatA = etk

Gk gl o8] dFol METAE HAFse A
o] o olZ 3] WA AEeldA AzE
HA2E BY (18 129 2th

(29 128 o] AZHAA] AAdl = FAE w3
A7 2% 1Y g A FriHes 8T

A

ISUP Gateway SiP sIP Gateway ISUP
1AM INVITE
IAA 1AM
INVITE 1AA
100
écz 180 100 .___ACM |
= L S—
200 180 CrG
ANM ANM

(a) (b)

(2% 12) HOoIEsoloM2] & A

(a) ISUP to SIP Call (b) SIP to ISUP call

=& SIP s ISUP shetrlejzie] 4 &d el
= ¢ith. mebd SIP Eld Sl 2E ISUP AAAE
< Eujeh= AL EEA @d. ol dAWHES
g A7 A9 WL SIPY wAA vy RS
AHgsHE Aolth AAREL A WA Alo|E4 o] (ISDN-
Internet)ol A T4E Zolw, 92E Fejz Agd A
ojt}. thgo| F WA AolEd cl(Internet -ISDN)E AE
2 9olM ISUP ®WAIAE AN ® AR 5
& Rolth. Hewlele wPo] 3] XA &
B Agde 718 e AR £ W fd =2
SIPE seulee] &7 Fo] WA AFEAM Fa
of wal qzg st AHg ol Fhesith

o

42 HEZUEO 25t AE

4 Z2EZ O F7 BAE diFer Z2
29 Ad(state)et ] Hol(state transition)o] 2
3 mEHE 43 AH 4 (Finite State Machine:
FSM)ell o3} 714 & olsldrh FSM ¥4 Bd2 =
REZ #74 2 AF, APAH HA EoklA of&
z288 9ge FYsted FSMY 71239 Fee
AefAol gold, Aoz vehta, dviztd 3
Ao 2= Touring Machine 5ol dth. 234 7]£3
9l FSMeogE wfe 22 9499 % 88 5o &
A7t 9o] 339 delel EFSM(Extended FSM)E At
g3te] mdy 58S FYA 7Y dEA SR LOTOS,
ESTELLE %ol itk &8 #749 #F& Asid=
dy sdrte £4 o] FRHed o 5
= FSMe] 71%E AFshz BHg AgsAER, o
¥ 02 Petri-Net, Predicate/Transition Net, FIFO

Mzl& 4



Net T°] e, B4 Z2EZFZ ZHL9 EYdx
gtz o HELYEZ AMEHT, B A7 = o
7155 E AEYIEE ol &3N REY L HEs
et

4.2.1 A=Y E (Petri-Net)

HEHGUEE B4 Z2EZ A HAN =z
EZ o4 #5F& 2dste] Hr) 4d3 Z2EERS
HEE ) ol &HE HEAQ] XRZREF é%‘ FHoR
A A (place) P, & o|(transition) T, ¥W&A &(arc) A

o HEoE YehfoA, gALE
2 & sin{12-14],
AEVE PN 5+4 Ao i3 2o

E%(token)i 7}

PN=® T, A M

P ={p, po ... Do}

T = {ti,tz..tm}
Ac{PXT}HUIT x P}

M’ = {m';, m’y, .. m's}

714 M'E 271 498 Jehld M2 =97t
g Aele] A Yepid,
HEZUE JYZe o9} 2 £83 nds A3
3 Ao #FX4 PeE HYlircde)o 2, Ho| TE Wol(bar)
2 Yehe, 948 %2 8¢ EA29 Ho|, Hols
EALE olE Z(arc)E TR

AEYEY AHE 2 ZR Lo FojR EZ 4
2 399 EZL FX4d Fox Hole 3
(firing) & Aolgch HAEHWESY g w2 & A
o]Z YHo] AZAH FA 4o BF EFO £A34
a2 Hol= A3}l sbs(firing enabled) Ateielz &b,
st zolyl AEEA HW 1 Hold] 449 BE
FAne EZL AAHY, £8 X2 M2E E
Zo) A71A Ak

off

HEAUHER 2dld A2 di=iA s 2
< 548 248 ¢ At
(1) =94 (Reachability) : 25 A" F53A &
e Asted a7t e S422 Mol B2
Zbeslthe A& 27] A (marking) Meol A A3}
wAd A8 Mo7tAl 228 F AeS ovjgd
(2) A9 (Boundness) : K-bounded HUThs= AL
EAxe HU EE 47 KAZ AdEdots A

40

ISt Internet-ISDN ©3& AIOIERIO| Ml Z2E

< 9nlgtt 53] BRE
£ QA (safe)stthal gho},
(3) A% A (Liveness) Z’@%’“% Az} 313k el(dead-

EA el EZo] 1Y

HEYWER Rdgd Al2gE fiMsts YHoR
T9A E(reachability tree)dbdlo] Utk =84 E
gd& 27] EAl(marking) MoE Efl9 ooz Az
e A3 7ted Molg AR g EFE T4
Wrbedl o o) ARE FA AEZE bR @& o
77}7(] AHgstel 1 EQE etk oA TR &
AEE o8 By A|xdg

#o HEHE 2d
F 715509 A% dAE HEY
3 (2 13) 2 (2¥ 149 2o 2

Sels] 84 % ISDNAAS] ) M

(32 13) ISDN eSS HEZHE 24
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(22! 14) ISDN =S HEZ|HE ZY

2ol 27 AUERE ARs AF/5RY A%
2E2e =g BAgle] B4 27 HHE Sobss
gag & U, 271 Adelq 2E Fuze) o}
s, w4hE B2y S5 94 2 olgz A
5o} boundness® HEBL BAT & 9k G
Az AAAL el o EAA A5 AFo] 7}
59e gstdn (29 109 2o HANE §
¥ 4Ans 98 5 Ao

o I8

(22! 15) ISDN 2ls mElzol chsh =2 Ex|

(E 5) SIS WS T2y E2le) b W
p11p2|P3[pa]ps]ps[p7pe[polrio [pit [r2 {13 [ria [ris [ris [p17 {18 |19
Mo |1 1
Ml 1 2 '
M2 1 1 1
M3 1 1
M4 1 1 1
M5 1 1
M6 1 | 1
M7 1 1
M8 1 2 1

MI1¢ 1 1
MIt 1
MI2 1 1
1
1

MI13
Ml4
Mi5 1 1 1
M16 1 1
M17 1 11 1
1
1

M8 1 1
MIS 1 1
M20 1
M21 1
M22 1

1

1

M23
M24

SERTIE

wssl 42 FRasa gde Jud A4S
5& A AT AR A5, AFS A
274G B30 24E 2FAT. IF AH <
3+ 84T SDNS QB 74 AE AsY PR
$48%, [SDN# Qe 718 3 A3 g

olg 4MugT o|E Fa Az AR A5
EoAAY el g3 Fsd A TEHA
g 3957] 98 AFS A% A4 FAQ AdEd
o AFIER A ERESE FHs A=y
ez 74y 3gd. ddd HEZYE @4 Eg
g olgalM A% H54 L 4% J5ve dES ¥
HEA, AR A% AFL +Y%AT. 43 29
of RE B4o] BEBL FAY & Yt o=
© o SIPelA Aiglel AHEA AT AM2E BE
o 4 gt FEE T AHY 24 FFHA A
Hag @7aE, AclEdeld e virlel war
dg adH 7R 9e EE80, m% o
o) FAE A% AE Ao FE P
g Ba Anys /1 PN z}vi% g5
oz 43 A% HE A= A Auzg A
% 4 JES s A7 Bas,

=& A& PSTN, ISDN 59 7]&
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