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Traffic Carring Capacity of the ISDN Switching System

Kang Won Lee**

ABSTRACT

Modern telecommunication switching systems are SPC(Stored Program Control) machines

handling voice, data and other kinds of traffic, in an environment which tends to be fully digital

switching and transmission. The throughput of such systems is determined by the real time ca-

pacity of its centralized or distributed control processors and by the traffic capacity of the

switching network. Designers must verify the traffic and call processing capacity of the

switching system and check its performance under traffic load before it is put into service.

Verification of traffic and call processing capacity of switching systems is one of the problems

treated by teletraffic studies : teletraffic studies are based on stochastic process, queueing the-

ory, simulations and other quantitative methods of decision making. This study suggests the

general methodology to evaluate the throughput and performance of the ISDN switching system.

TDX—10 ISDN switching system are employed to give illustrative examples of the methodologies

discussed in this study.
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Congestion 0 0 1 0 0 0 0.05
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Digits after routing 0 0 0 4 4 4 3.2
Address complete 0 0 0 1 1 1 0.8
Setup complete 0 0 0 0 1 1 0.65
Caller busy 0 0 0 1 0 0 0.15
Answer 0 0 0 0 0 1 0.6
Release 0 0 0 1 1 1 0.8
Clear 0 0 0 0 0 1 0.6
Average per call 8.6
e. X2 2%
SeaRe B0 BE T2 A2 AdatE 28 e,
Processing of
Input buffers v Output buffer Messages
() S To line
interfaces
From Task To other
line —> application > (31 ("} 5 module
interfaces —y DProcess 1 msec processor
1
< ) To duplicate
processor
_Q‘ﬁ To administrative
From other computer
module —>»
processor 1.5 msec O To switching
network controller

— Task service time ———

(328 34] 71 3 Xz 28



116 o] 744 REng
A4 1. 5 msecE Y& o) 71 A (input 228 A] 7H(task service time)& HeolahdH, ol
buffer)o] & WA AE Aded Bas Azt HE-FHAIGe] dukd BHx s w2 M/G/1
ol 1 msecr &% th7] A (output buffer)oﬂ o7 7yl & 4 Yuh
Ade wWAAS ARE 285 Ajgtolul {m ,
& wrAlg(call arrival rate)o] uaivjE] 49l Blm)
Tohe: e En AYHE 4 e o) 208 — Q—’
Ao 2&ate & LS G 3D 4 = -
12.279F J, = 8.64%) Fol& BEE whg Folrh (m = #HF A% FF2W)
&3 WA XE Alelo] -4 (priority)e] §lthal [O8 3.5] M/ G/ 128

Agae woe g Bge shir FEE

Aek. oW ¥ FY WAsE WA AsE

f. AP2FA|ZH task service time)

12. 2 + 8 6 = 20. 8ol & & stehvel ol = M/G /17 8ol ¥ FIANNE
20.82¢) Tol& AL %S Folth I Y Fak7) g 712 Agoltt b, ol f=d 2470
Zo o] wiAlA] Mt} &8 ZE oW o] 3 ztzto) diEiA] $-§ TEa Azt
RO = AR =0 RS P RN P 3 28 AR E] AYA 7, 18T F 2E o)
A 28 wARE] Helrre Fog JY¥ 7] Aol Ale] A S S HoFrh

(E33) UFYE 4R FEAIZE

Calling —module Dequeue from Applic. Processing time, Output message Xls’\II‘iSk
processor input buffer process timé
1: Line 2 : Other Line  Other Duplicate Admin yetwork
interface midule interface pricessor pricessor pricessor
Connect 1.5 10 1.5 8 22
Digit analysis{2) 1.5 4 6.5
Routing at end 1.5 5 1.5 3 12
Congestion 1.5 4 1.5 1.5 2 11.5
Set up speech path 1.5 4 1.5 1.5 5 14.5
Release connect 1.5 5 3 2 12.5
Digits after routing{4) 1.5 3 1.5 7
Address complete 1.5 3 1.5 2 9
Setup complete 1.5 3 1.5 2 9
Busy 1.5 3 1.5 2 9
Answer 1.5 3 1.5 2 9
Release 1.5 5 3 2 3 15.5
Clear 3.5 1.5 2 3 12.5
Charging 1.5 1.5 2 1.5 6



H10%  F1% ISDN 187} Egjy &k 24 17
Called —module
processor

Connect (seizure) 1.5 10 1.5 8 22
Congestion 1.5 4 D 2 10
Ok to send 1.5 3 L5 1.5 2 9
Digits after routing(4) 1.5 3 7
Address complete 1.5 3 1.5 2 9
Setup complete 1.5 3 1.5 2 9
Caller busy 1.5 3 1.5 2 9
Answer 1.5 3 1.5 2 9
Release 1.5 5 2 9.5
Clear 1.5 2 L5 2 8

(NOTE : =& 5ol Zuso A A&

xR P vAAT Hi GEFHPAHm
24 24
2 m=£w,~x,/;wl

=1
= (1*22+1.8*6.5+-+0.6"8) /20.8

= 9.9 msec

g. A= Xl(performance measure)

_ 20.8)- E(nf)
EW) = =0 =508-m)

vw. x;
E(m’) =
Y‘ Wi
= 122 mesec”
Eug
E(w) = 12694 /(1—2064)msec o]t}

oA E(w)E Etlz ndr|e ztE zdA)zt

58 FaEs e 2 %% (connect) W B

Adl=d 295+ A7 1 mseco|t})

F¥sted dE)lw A1 “dial —tone” A A7+
& TEF ol Ak F A
dial —tone A|AA 7k =

E(w) + connect %4304 7+

= (12694 /(1—2064 ) + 22) msec

4, dial—tone X AA|7te] WAy} FoiA

BAee oz 7 nE Za Moo BHCAE
Tad e ek dZ AR 100msece! A9

12694 / (1 — 2064) + 22 < 100

OB R 521 <4 5calls /sec -2 16200BHCA
oft,
@ TOX—10

FuE3(7]ol 4= TDX—10 ISDN 13t7] 3§
Howgsel Aolr g3 B4 Sysiin

TDX—10 ISDNA2®el AojAE Jehjs=
TP HENZ 22 ohd [ 713 3, 6] @

o] Aol = TDX—10 ISDN xgr]e] 712
5 AelAle) Aol 95he] Al 2H

- 3 o]
qAs ¥Xs

| Flelle 5o 58 WsAAEA Au 2 7]
F ADAZFANA 3 A TAAN, AFAE X
A FE AAARE 1L AT $E AW



O

BERE

é@\ oo ISAP\
flailis

CINetwork (ASS IPCU) C
o oMax 14 Max14o <]

Cl N&twork(llPCU

E

C 1 Network {INS ll‘CU)

gy ¢

(12! 3.6] TDX—10 ISDN MO{A 7 Ul

S SLAM [ ol&& Alg#old E= QNA
. (Queueing Network Analyzer)& o] &g+ 4%
ol Wog A&, ol& EdiE TDX-10
ISDN AlojAe M nss g gds Hrist
Aot

3. 2. 29A W32 S5 M2l B

BAME A g7 7 Bol o]8H
l: Al 7Htime) A9 2t F7Hspace) 28
2 zFez FAYE vhiA(multi—stage)
292 WEAY Edd A &F F 2907

k!

&
HESZo FAlo] #4849 & de Hd P
# < (connection) +& AAske Wl A
Aupeit, WA v B £%& aTdE
Sz dalM s qe] B €%
osteE g 293 WES A EdgE A
&8 MEsE s dyEgd ¥

Q8

R |

CINetwork(ASS IPCU) )

C CINetwork(CCS IPCU) )

HH Ak

mremesrsesers Fiber Opue Link(FOL)
Processor U—Link

E9l3 24|(7] C_Dp-bus

B—ISDNe| # s ATM 2913 252 E9
7 BN 2 Ao ME A 9ssd

=

$719] 292 EHAE S AMuls A
22 7AiA sl FAXNA
RE B3EE Hsol dnr A9
a7aE om so| e AuAs
F A Hed ol dAgs HelFol
AR vE]A W o] Hd Fs3l
229 3§9
QE}L}M A=
g A]—%-UHZ}
7)o oA A9A
E9m9l Egx g &% (traffic—handling ca-
pacity)$ siAsl7]l flaide ot g2 et
v etE o] & ojof irt

=

2 o= %

iy oo

= | S
)

ﬁ

2

&

4
B o odp B D o
i
=
iy
_C_I>L
i
0\
o

o
l

oo "
ol
rlo
N
2 I»
S
>
B9
).
FN

Lo

of
ot
lo
ad
o
fir
[}
ok
o))
=
[49]
el



F10% 1 ISDN w¢7] Eefy &3 24 19
— 2z @AY Al7Htime) A9F TE 7t FHE AE, & Mu2 A9 Hi 488 (oc

A

(space) 29 &
— ZF Al A E3lg A 7148 Elg &

— 23 vEY] AN )7 BE 54

293 fEAe] Hd g3 MY §FE A
28o 9 20 X CCITTAM 74" 2y
o S| 8AE WHaHA 294X YEYA

tempt) 9] T2 AL s ATE F Y& 3
Mulz g Foh Bel7 g FexEg uE
ste AMElA Ade FHE9 Hog FHPHEC
ayng 293 YES g &%
HHat7) Al oM 29K YEYI 72
= 4“0}@1 29A Ao 7HgE Mul2 Ad

g A%t 507 259 HEAE wEse
HH]_ Adel AF&S Fafor gk o71M A

Ade AFES T3 deide 28
FrEstodol dt=d 7t wgkrvigh A9
A9 PRV dE23 MuA fdes @
3z g ol de} Yutrog A
] gl ¥

Al

o

o 0
= 7

ol A dgst mpol go] A9 AL 9
st Bl s A3 UEYII) Age & &
St AlE A =9 Aleker sl Beirol
wAstel, Aula Ade wgse e gl

wol wet 2oy HES 7 qula ado] A}

cupancy)# v &A% vich bS8 Mul s wd
T, 5 TR gy g4z ¥
FFdl8lM e bt A (multi—stage) 29
A WENAS] 27 &S festeEd g
o2 o]&5e Lee R3[9]3 Karnaugh(10]%
& ZE]1 ETRIGNA A|<tsk ETRI 2.8 7ho] b

i #4g sk,

22.CHEE &R s Wot 2242 &E(171]

ISDNo] iy w72 Re Fx Asls) 3
°ﬂ et AFERE A 4, s, dHelg B3}
> T XA AFs o & Aol P
°£‘. ISDNoll A Rl 3}st=
A uge H¥g 3P°“]
F8le], n&dlolel, HRYY, sholsto] LS
I g MulAE 4—%% T AE Aot oy
g Mul25e Bald (64 kbps, 1£%3), HO
A (386 kbps, 6 &£%3), HIINI(1. 544
Mbps, 24 £%3Z), ¥ H12 A4d(2.048 Mbps,
30 €X3) 98X 84 & ok ISDN w2
71l olgh o] thokdt o] 32 &3 443
A HHAE, b5 &3 (multi—slot) 39 a7 &
g0l SHE(1-&%3)d vlald 88 27 9
ol 292 UEf Y Ey g2Zo] A 3lA
A atd )

UEed 2904 MEYAY g3 gag9 &
2 £ 78se A 24 3 £F0) et 2
473 &E9 o7t Al dF %54 gt
vl FEE HY FEo2 FAstnR 4 1
X3 A 287 g8o] YR Hojxh A4
o] ¢ul7} wAfghe}, Beshai and manfield[12]&



dg

N
-
14
—
oZ,
ol
-
>.&

w AIZE 291 R| oAl ofu] ARG
}Uﬁlﬂﬂﬂfﬁﬁ1ﬂ%ﬂ%
];doiyq

E
amg%$
217

A ket

g HFE 71EA oldeRE By
SiAl Atatd = 0471*1“

up
b
o

2

oy 8
.
A

= >'
ue Nlo
T
i)
o
1
3
X
}O{I
)
tlo

) 742 z]]
she 293 HES

4
o

o]
i
2
-
i
2
2
v
M
o
tlo
2

fo
=
g
2.
w
5,
O
=
e
re
o

w7l ¢} E¥°‘ ¢%°1 Hjo} ol =
Wi stoldllo] Atelel FAlol HM
o] with #7| o] Eej7e]
& o ujd(mismatch)= HuiE =
AE Fojth

A golgt of=
(idle) B}y &30l W&ot vl % Wi o4
o]9] = (busy) EIYEFE

32 R

m[o

(connection) &, T uliatolsjo]Alele] A=

57} 4% 8 4 U5, oe

ANzgel szl el &5
7,

& X 255 a7 A A delgt Al dF
AAANL T3 2 7t FE AMuls v1E A
A wEslH A wEvvr He & F e
G A 7rg AR s e 27 Ao Hrl

4. 2. Tj3) B LE YWYE

A = (network performance) ZHgollA % of
BRI AAL Ay Me] Az AR
trunk o] Az} r]zbel ols) wAish w7 ol A
o HAFPoz IHAnINFET FEE AEF
ISLU(ISDN Subscriber Line Unit), PM

DH(D—ch Handler) 2
ol e M Arat 71Et 3|
AsANFoz Qe wAgt a1se 7l
e A H°ﬂ’\1 HHAlEHE A AA
o

(Packet Multiplexer),
PH(Packet Handler)
d

Z

ooRY

tlo

; di < s
ok osioci—AAEES] Myl 71E
dij :i—A Qa2 j— A A 840 A AAE
PHE =#ddd =g7s, f3ldyd a7
=2 7e7te] AEVsEoR 7 Ves B4



0% HE

ISDN w3ly] Eejol L8 2A 1

1 7)ee Tl Sis vhAl 2o TR AN

[ ] 7 |
I e B N I e B
| !F11| |<—>| |F21| |<——>-| |Fm1| |
| | | = ]
I 1 | | 1 | | 1 |
| |F12l |<—->| | F22 | |<———>-| |Fm2| |
| | | | |
| : | I : I | : |
| : | | : 1 \ : |
| | | 1 | | 1 |
] l Fln | I (—> | ] F2n | | (—> I | Fmn l |
| = | | | | |
t | - 1
F'i=-71% | j—Z2AA

[2¥ 4.1] PH9 =¥

flel myolx zt v)edele] ZaAMES] A
2] %9 (throughput)o] #u}n 7}A s} 2y =2
AMe] HelsHg TFjR XEAIShE 4 PHe
He)ed TPHE obg-2 3 o] AT

% 9ok

TPH = Min (¥ TF,)
TF, 1 i—71599] i—Z2449 2esd

ol HoM z} 7ledef el MelsdEe Jeh
= @8e OE o dANHA frame /sec,
pks /s%) HHEI J1Ed o8 2o vz 53
stz 7l g Hyed s vay
slew, 219 HollA 2 wf shluggate yE
(bottleneck)o] =& 71599 elsxdom

JA.

A= 2 TlewelE A eY e dEsol s

O slHmesd ey At §am

vl

IR AE Yrirde [y 4. gjpo | =83

a
sle}
I

| 2gld e ZRAME el
Asusds HdsEe Jsuds pAen

E ZeAgNEe A58 gor 45% 4 9

a2

ou $9 UrInd s BHsl7] 9 2z 7]
FEeA Y= H75e =g (arrival

=
rate, 1), Zt 7|59 R ZEEE Tz A



122

o] %4 fERHE

H) ~ & (service rate,

Aol gl ¢ 7Hg o)

Edg AxYolu 2

), agn Auada, # §3 Auage AFRES wol ogas [
208 Holth AwHez A4 3)e AEAQ ARdole] mE HA LS
g glRdos 54 moiun Ao

71eey (i-1) 715d9 | 7129 (41D
| l
| T 7171 |
B MRl
A e | | ¢«
| 7| | |
< > | | A | < >
| B N |
— | rr— | e
B niE
' S S S, | S I
(32 42] 7|sHHelel 7|28 tried
A} A1Zk (ms)
I
|
|
|
|
|
I
|
|
L >

0

#7170l (byte)

(28 43] mzlZojoll we HIAXZ| AlZE



0% FHI5E ISDN 2 $7] Egjg g BA 123

&4, HAuSEFS 524 A &P} o T AGARE 9 dlolet 7l AE AARXHF
oletlZl el gFor vepd w 7zt 99 TS Fote], HAnBN YR zZeME
< HgE F %”% T el 2297 He§ o A7s Ml Hrista TDX-10 A2
F& AojA} g WA #Ege] Jen o #7715 A2 &FE Hrlstg

AoiAle EAAE e FA niste] mdy of T¥olME AR w3 Al 2gUol o] A
ok shuf dlolet A Al Lo PM, W A AL B-AY #7539 Boe D-Ay
d % PHE tdez 458 + At 3299 AR A9 o 2A Sz HARG Ax
A2l g voletnl Ay gEFs HEsly) 9 Bog rtd e Edgo] D-Ad H75e
dMe sEAEN(ELT 2 ZaAAR, 1 Foll thai et AlEd ol Fslgrt
Oﬂ th & %%}ﬁﬂi‘%) R dolEHZl FFHEC o

25t7] Thsn DAY Z2 NN Tas 5. 4 =2
A1z, 283 e A (steady state)ol| 4] &2
o1 98 M AZS MY 2 19 2 =gXE Ed¥ A%y wB#ste ISDN
@gate A3, 2 PM 2 PHRMY 418 98 wgrel $%F 2 4% seuHE Folstunh
toAdel HesASe A4 94 sy 223 ISDN m&7)9 83, = 84 283 o
7 Mag Aotk drlds ojgd A 4 A @] %S Jehd wye Anun 4z
WA ol gxE detuEE 2 el Wz o PP B8l =&3Ach AT&TS No, 5 ESS
3l Mzl 75usle) nxe Age EHar)t 9} TDX-10 ISDN i 8t7]9] 248 a2 49}
Y531 et 229 2L ARE AV} Ys= o},
NgHol el €& Hrr) Hetol shn A FH B =RANE A2z F49 &% o)
2§lo] slugel wel AN 2] s #WFY A FHE Aol EHL nEY) fRe) gl
S B Ao oF wyoz HwmiAFo AE L wool A A9 € et
NA guw g AFZA7 FajHor & ol
o},

< ) B Ad3 DAde] 72 94 Evjn vy
) A5} ArsE Bz Q% A5 uA

Ak AR A Ay way By w
4.3 W2ULMY B 24 AL

3 44
Fo2d[13]9M%= TDX—10 ISDN A ~Eo] (3) A wgo] 5F3 ia}a o]

AAREAN LG Agste 9ol A2 A ALAEL 242 A¥HozE Wudoz A
HAazge #9 MEYA Y (2 4. 4]8 7 | FEER A9 ISDN mgute] A=
W= SLAMIE o]&3ta w7132 *13*15% QYA A 2PE Bavt gon o= 2%
o oS BHsAt & woie Edgo) me A7 A2 Y7,

ARG Al =Efe] TN F Q] /&Y 79

B Fdol 9 Hit N ED X B3I 2



124

N
ISAP © o (IsAP FMXP ISAP| o0 o (ISAP EMXP

-

Pt ! byt I
C CINetwork (ASS IPCU) ) C CINetwork (ASS IPCU) ’

‘ § O O Maxl4 Maxl4do O é T

CI Network(ITPCU)

CI Network (ITPCU)

CI Network (CTPCU)

Cl Network(IIPCU) ). C CT' Network (INS IPCU) )

0 © ~Max14 $ L + ‘

( l CINetwork(i‘S [PCU) ) —— \
L |t ol
/

( Packet Bus(P—-BUS

! % T
Data packet % Data packet %

0oo0o0 PHM |

nonmn Biber Optic Link(FOL)

PHM
N

(12 44| TDX—10 TZIM3 AjAElel Y HEHR ZH[13]



F10% i

ISDN 87 Edf §3 24 s

m

P

gh
rok

[1] K. Strandberg, “Measure of effective-
ness Performance Applied to Telecom-
munication”, Ninth International
Teletraffic Congress, Torremoinos, Spain,
October, 1979.

(2] CCITT RED BOOK, VOLUME VI -
FASCICLE V1. 5, Digital Transit
Exchanges in Integrated Digital Network
and Mixed Analogue — Digital Networks,
Recommendation Q510—Q517.

[3] Geza Gosztony, “CCITT and ISDN Traffic
Engineering,” 5th ITC Seminar, Lake
Como, May, 4—8, 1987.

(4] G. Fiche, D. Le Corguille, C. Le Palud,
“Traffic Models for an ISDN Switching
System”, 12th ITC, Trino, June, 1-8,
1688.

[5] MAIE, o734, “ISDN w79 4% gg}
vlE Ak, ETRI, TT/A—87055, 1987.
9.

(6] G. Fiche, C. Le Palud, and L. Etesse,
“ISDN Traffic
Repurcussions  for  Switching System
Architectures, * Proceedings of [S5'87,
Pheonix, 1987.

(7] &, @34d, “TDX-10 ISDN 3 H g

3 ASEMY ETRI, TT/R-92—920404,
1992. 4.

(8] o17¢l 2}, “Three Stage 2$]a WE¢ =9
Blocking && 2 Faxa g 4" ojs
ddeets] A stewE, pp 216222
1989. 4.

(9] C. Y. Lee,

Assumptions and

“Analysis of Switching

Networks”, BSTJ, Vol. 34, Now. 1955,

[10] M. Karnaugh, “Loss of Point—to Point
Traffic in Three Stage Circuit Switches”,
IBM J. Research and Development, Vol.
18, No. 3, 1974. 5.

(11] 287 9], “us7) A5}, ETRI, 1992

(12J M. E. Beshai, D. R. Manfield,
“Multichannel Services : Performance of
Switching Networks”, 12th ITC, 5. 1A7.
1, Torino, 1988.

(13] A%, #43, “TDX-10 Packet Hand-
ler 54", daidwsts) Asewn

3], pp 466—475, 1992.



