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ABSTRACT

Typical integrated service digital network(ISDN) switching systems have several shortcomings including cumulated long call
set-up delay and difficulty in higher speed packet communication. The problems come from the nature ot X.25 packet switching
technique used in the systems. [n this thesis, to solve the above problems, the use of frame relay service within the TDX-10 ISDN
switching systein is proposed and a frame handling susbsystem(FHS) is designed in order to support the high speed frame relay

service in the TDX-10 switching systems. In the proposed TDX-10 architecture, the 64 Kbps packet communication can be exe-
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cuted more efficiently and high speed packet communication is allowed. To measure the performance characteristics of the pro-

posed system and to compare the performance with that of the proposed system is superior to that of the existing system. The pro-

posed switching system offers a seamless evolutionalry path from Narrowband-ISDN to Broadband-ISDN since it allows an efti-

cient channel utilization and high speed packet communication.
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NP - Aeess Swtiching Processor-INDN
ASE Access Swichmg [rcessal-Packet
ASS Access Switching Subsysien-ISDN
ASS-P 0 Access Silchung Subsysten-Facket
RAMI: Basie Acoess Multipleser Tntertace
BSE Rasic Subsenber et e

COMP: Ceniral Contral Mamtenance: Processor
COS 2 Cennal Canteol Subsytem

FMXE: Frame: Muitiplex Processor

INP = Intercomection Processor

NS Intereomiection Network Subsystem
ISAP 2 ISDN Subscriber Acaess Processor
MMEP: Man Machine Processor

N1 Nunbet Translation Processor

OMP - Operation and Mastenance Processot
PHM : Packet Handling Module

PLEP - Packet Laver Control Processor
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TSP 2 T-Switeh Processor

Fig. 1. X.25 Packet Switching Architecture in TDX-10 ISDN
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Fig 2. LAPF Frame Format
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Ve Kooy ASP-E - Access Switching Processoe-Frame Relay
] TRt ASPAD D Access Swarching Provessor-1SDN ;
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CES - Cential Control Subsysten OMP : Operation and Maustenance Processor
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|Aw| FHM © Frame Handling Module SSI Space Switch Trocessor
L FHS . Frame Handimg Subsysicm TSP P-Switeh Provessor

a8 3 Zy Y o) ag =
Fig. 3. Frame Relay Switching Architecture
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Fig. 4. Frame Relay Switching Route Block diagram
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E 1. ASS-Fo 7% 39
Table 1. The Function definition of ASS-F
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Fig. 5. The Block diagram of FHM Function
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FHM-HO/H11/H12 §9 %°l& %714 Z2EZ &
e AE A$go] g T AgAelA A2HY
HE NI ZES AFele 715 S £Ps2 s AASGATG

o2l M2y 3 BFEA AYFeMe d-d-& A$
4 24387 Yele] 3 EA ¢ deiAAE Y3
o dd Adde 7lge FHIERIEYG. 2R
o] 53t Aol FHCP AHEE Eol7] #std o]
F3 Aol g dAdT

V. X.25 H2at = &ajjol

1. HZ M2l Z25F vjn

71& AadloMe X 25 si3le R AF, deld
d43 A% B Aoz FAHE MY TIEF 72
g zte % JEoI AN (Y T #=2) AR FHY
Aol AEE T AFY AA AFlA =9 ALL #
€ gl w2l ol gttt ZH9] ol @
A A2glg FE5e AdR 2@ AaddMe ol
B AHE Hidte Ads HAPEE AEdte Aol
o g Wg o] 4% AF 29 ¥Y vl &
o), webd, 71E9 A addiMe BEA ¥ Y
Aol & A% oA Heidhe whddl AMUGE Al
£ A% 29 deoly ¥2 Aoj(Data Link Control)
BAZAA Aoz AbE Al xdAMe Zy ¥
dol @ WA AF 39 gl wiA =] N B
o} W& dleolel X7t 7hEstet,

22X Xt wlm

a3 8& JE AladeMe X 25 R n@H A
g AaddMe zay Fdele & A% ¥ deld A
g AAE vag Aozd =z Heol I3 al(call
processing) 43 (2¥ 8(b))e X.25 #A3 A=

I

[IPC-bus @ZH’—J l FEAo] A a]g]

[‘ﬂEﬂlé_ Likiss

I |

| |

Peripheral Processor Operating System (PPOS)

I l

[ I

Aoexy M [ C-bus A+

| zzx2 g2 |

PR Aoy

a3 6. FHCP £8 7]% #4%

Fig. 6. The Block diagram of FHCP Function
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Layer 3
33} AgetA
X.25 % 74
Q.922 upper
HE) A7) (DL~Control Sublayer)
ol o LAPB or LAPD Layer 2
28 Q.922 upper
(DL-Control Sublayer)
HEY 2%}
A o3
) . 78
Physical layer Layer 1 Physical layer ¢
a8 7. X.25 H3 ZeeEd 249 dyo] ZREZ Ha
Fig. 7. A Comparison of X.25 and Frame Relay Protocols
TE A (Cullngy NH](?:Y?,RK TEB (Cathady
SATMIS
A
SET L
CALL PROCEEDING
CONNECT
CONNECT ACK
SARBN(L
- LA
X 25 CALL REQUIESNT
(FON=zun SARME .
- VA s .
NI TE A (Callig) NEIRE B
CALL PROCEEDING AR
CONNEC Soadintd
N CONNECTACK w——”‘—”“‘“’@mlglmw..._m..
NARME) - CALE PROCEUDING SELUE ol Clen
" A AR
ind ‘ ALT RO FPrRING
X 25 [INCOMING )
(|(((\,x..\. N CONNECH -« UMY
e N 25 CALL ACCEFITD
CALL CONNECT] < - CONNECT ACK CONNPOS ACK
(I,( Nzt “ CN= - o

(a) X 25 #9 & (b) Ze#¢) Helol &

a8 8 X.25 HAEsh ZY < o] BAY A wlw
Fig. 8. A Comparison of Packet Call and Frame Relay Call Processing Procedures
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Mz (27 8(a))d ®lstd Hazl ddsnz T4HY
Hye dast § 3 AR Ao Fad

4719 & 44 A& Andd 4% ALE va
& He o33 g2}, s1&9 TDX-10%4 % 64 kbps
HZ FAE 4§ X 25 ANE AL d&d o 1670
o} Ao} wjAIx|(Z 10byte)E& B-A'd(64 Kbps)E %
ao] mggnd. ojml, & A9 Aol oMl A$ AL
< 1.25 msec /™, Edgo] vj$ ug A9 £ &

A3 A, Type 20 msec+xZ= A Al (node
delay)+A 3 A4d AlZH(propagation delay)2 2 #
2+ 9},

AP TDX-10 AxddelAe =y deo] & A
A AL o gAY Aol AR meke] aTFHEY ol
o, Ao} R IPL D-A'd(64 Kbps)& A&y
a@Eed, Edfge] ¢ & A4y F 3 4R A
L Twe 22 WYoz At 11.25 msec+xE

® X .25 Switches Data In Three Layers

(ROUT[-‘, ’_] |—\ ROUTE

NETWORK
ROLUTE LAYIR

us - ATA LINK
l E E:;‘ @ r LAYER
|- . ]
ADD . TRROK S RROR RINIOV
INVELOPE STORE CONTROI STORE AN \VELOP | PHYSICAL
LAYIR

® Frame Relay Switches Data In Two Lavers

NETWORK
1AYFR
% DATA LINK
IAYLR
RS
ADD ROUTE ROUTIS EYE REATOVE
ENVELOPE ROUTE ENVELORE
PHYSICAL
LAYER

a7 9. X.25 A Zd Y|y vy Hedy v

Fig. 9. A Comparison X.25 and Frame Relay Data Transfer Procedures
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1 AlZH(node delay)+Z 3 A4 AlZHpropaga-
tion delay)‘ﬂ-?— 4 & Utk H-AdE olgsld T
AEE & & UxFE A A Sde. H,-449(384
Kbps)el 2% 0.2 msect+xX AP AP+ GAA
Ay, Hy-#Ad (1,536 Kbps)el 2% 0.52 usec +x
= Ad A+ASAd A, Hyp-Ad(1.920 Kbps)
o] Aol 0.42 usec+xE XA AGF+AGAA A
tez zpzh A4t webd axe] SPdMe Hi
% 8.75 msecol A ¢ 20 msec’t @€

3 Hloje] MYy % HAMA 28 d|n

7129 AlxdlolMel X 25 ZREZDN A¢E Alx
Hojale] el Hao] TREFL &Y 3 AEy &9
oA Hjmeiun 1Y 99 Brh ol FI w oA
o AF7A 7led Fystviel wal FREAC
X 253 dole 3 AZ dEYA A <A
ojgl BEAAE A FeAT, Y Hiole w=A
Ao oFge L AF 2004 FRER2 AF 3
o] H2E AAG Aol Udx, TA MEE AHEA
delElghis thE wald ddR AFgic. xg Ja
| Aot ZEAAE FHEFA ol Fb oA
= AF 29 #4 vEw e dolgo] FAA
X AE Algtel wl$ Fok X 25 AAL T4 w=
vl MEHA AF 71%E PR FT wmodA
ol == Ad Azte] Addes Hola doith(end-
to-end)F A A7t EAo| Heolzich 2, =y
o] wPAME de B BEHM] 7S AF 3
A E A8 Mesta ¥n AF 204 BE mdlel ¢
Yslm z Aol F Aol slge]l L&A FA oA
G elolo stog AME2F FAVE 0 & nEss 3 A%

3} Hojol gtk FAMel Sl
VoA

o

N9 Da

olr
AT

B P ALY TDX-10 a@ Az 45
¥Agta, w3 1E AladdM e 64 kbps #HR F
Az Agre AladlolMel 64 kbps A FAL B
=S wmsty] At Aol g FRsA. 4w
Hog Ay BAel wog 4 Alxadel ZF, 4%
el AMA oy nela FFE ZRAYE ol gt
ol Urk B =RoAe Alad Fx

-

2 AL g st 4 PEE HEE) oy
7l o, Agdold Aol SLAM I1E 4%&‘4 Al
&3 1E1.=_ dAs 45 EASAT. £, B
dMe zx izl Mulag BYE 4 EAW 4“—33?#
U

7ty Arg
B A7 MEgolMdMe vhg AFES 7MY
=3
(1) dioje} wAAe] By tA & A4 EXE v}
) 71&e Ala®ldlA PHMez2 Esve w4z g
TARE A Ao} dARY o] F AP A
go FHMeE JEse vMze & 438 94¢
Aol oA e el 10 bytes® 7Hg skt A
£z oAzl Yole 100 bytes. 500 bytes,
1.000 bytes To& WAAH XN EHolH3HA
23
(3) PHM/FHM M el 2 44 A= A AlIzbE &
29} zro] A shct
(4) Arga Al shiel & A3 %N PHM/FHM
7 A PHM/FHMAA & 242 Hg oni7
o) Ao} HAEY nPoF HF
(5) olg=el Aaglez UFstd 2L ndA
et

E 2 PHM/FHM 2, 23 34% W4x A A
Table 2. PHM/FHM Calling, Called Call set-upMessage
Processing Time

WAl PHM | 731 x 10 byte X 8/64 Kbps 8.75 msec
2 PHM | 931x10 bytex8/64 Kbps 11.25 msec
2 FHM | 33 x10 byte x8/64 Kbps 3.75 msec
Al PHM | 631 x 10 byte x8/64 Kbps 6.25 msec

2. n@ AAHE AlSdoiM 2HY
2.1 718 Aade o B# MAH(ASS-P)2
L=k 2
712 Al2=l9l 64 kbps B-Ad AR A2z A%
Y7lE g Agdold BAozM Alx"e] FAFL
ASS-1 e} BSI 832 53 2& #zl Eddge] T-
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STz 74E 294 WEHAE T3 ASS-P e
PHM 2oz IZse 4oz mdlsdy. =
g, ASS-19F ASS-P € 2.048 Mbps® %% #
AolBz AAF o] Yors ASS-IS ASS-P Aold]
= Hd 32719 64 kbps B-ilgel Uctn sty sg
v A9 AgdelEe #9 2de 2% 109 2

2.2 Mot Alago) =gl BE AAH(ASS-F)e
243

At Al2ele) Rde 7|E9 TDX-10 R~ <A
X.25 M2 HYF 3= ASS-P gidlel ASS-F7h %3
d w372 spy sl e, ASS-19 ASS-F Aboldle
2.048 Mbps % #ol&o] dZH U&s& 71HEA
o}, mebA, AMgA7) 64 kbpsel WA WE4E 87Y
Aol 32719l 64 kbps D-Adg Fee, n49
B A& s7H g wESY H-A42 53
b, =y daol AT A% F71E A A g
ol BHFozM Mg FAL ASS-I el PSI €3
< 5% 28 AR doleyt T-S-TE TAHE 2914
HEHNAE F8 ASS-F Wo FHM E822 I5H
ooz wygsiger. AQd AaEe ARl
9 2de 28 11l EodE3 Sl

3. Algdold dat % IH
3.1 718} AMaY o Hote AAHOIA 64 kbps

I Ao M5 Hlu
2 g9 AgHeIMdA, T8 #4 B gEL A
2dlo] Halga dg A Alzteldt, ojAA AF AA
(packet transfer delay) A1Zb2 A& ASS-1 =
Eo| AMEA MR A 8Y L Po} T AP L 87
& A HBE FHAZ ASS-] ZEE AHAS @8
AE A7z e A1ZHE ovl g},
71&9 Alz2" AgE Aade dFg vz
gl 64 kbpse Wz FAe Afo] iste v 2
Y 103 28 119 #9 2doA AgAe) A= 2
ol 100 bytes. 500 bytes, Z13]Z 1000 bytesZ
ABA 71 b2} AlBgol gt RY EAQA AF
7} 29 12, 29 13, a8jm 2¥ 149 dERsloh
T8 29 15€, ALY AlxdolAM 64 kbps B ¥
Aol Wigtal Ag2}F MR Hojo] WE YF HAE X
oqFn Uk AlE#HCH ZIAIFE tge AgE
BEH A
(1) ohFd ALEA A o] g, AgE Alasly
A Aol 7129 Aladle] A% BH4ET £43
oH(ad 12~219 14 #x). & S04 29 12
9] 100 bytes A&z wlAMAe] A 7NE Al
He] M A& (throughput)€ 12 2 1,000 &
(call)ol®], =AFY Alx®le 129 <F 1.50058
A 4 3ot

(2) A8 wAA e Helst HojFel wa} F AlAH]

| | channe! ‘ ‘
queue 1 server 1 queue 2
- server 2
channel | |
server 3 queue 3

a8 10. 7189 TDX-10 2@7]91M B-s'd 64 kbps HH EXN(AFE) 9o #9 24
Fig. 10. Queueing Model of B-ch 64Kbps Packet Communication (Local Call) for Conventional

TDX-10 Switching System
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|

queue 1 server 1 gueue 2
channel Jl
server 3 queue 3

38 11 A" TDX-10 2#7]e)M D-Ad 64 kbps WA BA(A23) o F9 nd
Fig. 11. Queueing Model of D-ch 64Kbps Packet Communication (Local Call) for
Proposed TDX-10 Switching System

300
64 Kbps 3| 7] 441
o] 4| 2] Z.7]: S00bytes

S AN S

500 A Ry AL R
-4

100 4

Average TranslyT Delay [msec]

T ¥ L T
100 200 300 400 500 i)

Traffic, The number of calls {calls/sec)

3% 12 64 kbps B3 Al Wit AE AR AIZF B4 o) 100 bytesy] 2-%)
Fig. 12 Average Transfer delay time Characteristics of 64Kbps Packet
Communication (In Case of Message size 100bytes)

dlAle] Hajge] atele YA HelAldh ol & A A aol W Feolrl o, A4 e FX =E2(1
B Azrel & wlAIA] AF AREFeA AR et ) A2 E Axe AAY BAldAle AgE Axg]
ol ool 7|l S AR AS 8O o ol Ald AR Aol Ay
(3) A/ 2ol =29 8oy, v&ed A2zt A & A £ Aol

b Alaggoi Mol Ha AR AZEE A IVAA
Astated o ZPA v ek 9 msec o Aelzt 3.2 MetE AAHoM 64 kbps THA EN N IH
AoH2Y 12~218 14 #=2). Hu Aol 45 &4 IH

2 AEgoldelMe B AA AR 549 2P & AtE A2g e 71Ee] A 2" E AFE & ge

2298
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500

IR

400 +

300 A

200

Average Transfer Delay [msec)

64 Kbps 120 341
o] M) 2] = 7}: 1000bytes
JEERR O AT

e PR AL (PR

100

100

T
200

Tratfic, The number of calls [calls/sec]

J% 13, 64 kbps®A F41e] T A4 AQ A1 B4 (MR Dol 500 bytess] A-$)
Fig. 13. Average Transfer delay time Characteristics of 64Kbps Packet
Communication {In case of Message size 500bytes)

120
64 Kbps 3| %] E4)
= W] Al Z] =271 100bytes
[:'3
g 100 1 2] 3 A A X 2N
= —— A AL AR
# =
‘ & 80
o
2
(2]
o=
€
— 60 4
{
on
«©
A
QL
; 40 4
P v - y'y d
20 T T
0 1000

2000

Traffic, The number of calls [calls/sec]

I8 14, 64 kbpsHAl FA9 BT A AA AT B4 (A9 He] 1,000 bytess] 3-)
Fig. 14. Average Transfer delay time Characteristics of 64Kbps Packet
Communication (In Case of Message size 1000bytes)

A7 FAE 7HediA stdE. & FolMe, of
EAdE #4871 9184 384 kbps. 1,536
kbps, 1,920 kbps $9 9 A&z A3 §4A 8
Foll gt Al B oIS s 1Y 16, 18
17, 2% 182 384 kbps. 1,536 kbps, 1,920 kbps

!
off

ox

o 2% AN FAS A4 ALY A2de 45 54
vejzch AE ¥ Alxdel 384 kbpsel HAF
2 Aqu2E A3dlE 16719 Ado] ALg 75
. ol @ 500 bytes delel WAMAE $FAsE
4 AANE 129 o 770 e 38 AU

o]
o

&P wo on
TV
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n]] A”;{] =1.7) l‘l]
64 Kbps | 7} 45-4]
100 byte

SO0 byte

o 1000 byte

£
& 200
E
P
=
[+%
<)
=
2
w
sy
&
= 100 A
(28]
o
o
L
>
L=
0
0

1000 2002

Traffic, The Number of Calls [calis / sec]

38 15 At Al2RolA 64 kbps WA FA e A4 oAA) oo W& H7 A% 2D AT §4
Fig. 156. Average Transfer delay time Characteristics by Message size of 64Kbps Packet

Communication for Proposed System
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384 Kbps 9| %l %4]
— u]] 4] ] Z27]: 500byltes
& 100 A
Q
(73
E
D
o
.
2 60 A
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c
e
[
o 401
[=2]
o
Y
>
L 20 Ao
O L T T
200 300 400 500

T T Y
GO0 700 800 GG

Traffic, The Number of Calls [calls / sec]

32| 16, At Al2slelA 384 kbps WA FAlel AL W AE AD A1 S (AR Fe] 500 bytese] 25
Fig. 16. Average Transfer delay time Characteristics of 384Kbps Packet Communication for Proposed

System (In Case of Message size 500bytes)

gon Hi AE G AE 4 13 msecoltH( ¥
16 #2). = Alawe] 1,536 kbpsh 1.920 kbps&
Mul st 14 FdoAle 874 e sfdo] AHe e
st 2% 172 A4 £571 1,536 kbpselw oA
o} Zol7}t 500 bytes! && ANl Ag 2E A

2300

N

FEA 2 N BAE HodF3 o o] Ao
o] #3 Mg AA A2k F 7 msecold, o) 2% oF
530 o709l &7k HE £ Uk 2¥ 188 #HA HF
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120
1536 Kbps 3] %] Z-41

= 100 - o] A 2| Z=.7]: SO0bytes

Q

(72
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> 80 4

)

(4]

a

8 60

(7%}

&

‘s 40

on

©

]

X 204

0 r ’ .
200 300 400 500 600

Tratfic, The number of calls [calls/sec]

I8 17. AGE Al2"lelA 1,536 kbps 7l B9l A9 HE A4 AD AL 54 (A9 Zol 500 bytess] A
Fig. 17. Average Transfer delay time Characteristics of 1536Kbps Packet Communication for Proposed
System (In Case of Message size 500bytes)
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Fig. 18. Average Transfer delay time Characteristics of 1920Kbps Packet Communication for Proposed
System (In Case of Message size 500bytes)
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