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Abstract: Because of wide introduction of EWSD
digital switching system on modern telephone networks,
the problem of the economic efficiency of its operation
is highly compelling. For the solution of this task at the
stage of the digital switching system design it is
necessary to select an optimal switching field structure.
In this work the structures of single-, three- and five-link
switching fields of digital switching system EWSD V.15
built on two standard time and three spatial modules at
five capacities have been simulated. For the efficiency
evaluation of the thirty switching field structures the
economic criterion, determined as the cost of one digital
channel in equivalent switching points, has been used.
As a result of the analysis it has been established that the
single-link switching fields of small capacity are more
effective. Three-link switching fields are implemented
effectively only for small and middle capacities. Besides,
they have the quality service of input paths owing to
larger connectivity. Five-link switching fields in case of
large capacities are ten times less expensive than single-
link ones and their cost is nearly the same as the cost of
three-link switching fields.

Key words: digital switching system, switching field,
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1. Introduction

The digital switching system EWSD of V.15 version
is perspective and universal to be used in current public
telephone networks at different levels of hierarchy as
well as in mobile communication networks [1-3].

Widespread exploitation of the EWSD system
means that the main problem is determination of its
efficiency, as in literature on digital switching systems
(DSSs), an analysis of both the station performance
efficiency and its separate functional modules was not
studied to the full extent [1-3]. The determination of the
effeciency of DSS as a whole is a difficult task. But we
can evaluate the effeciency of its individual components,
in particular the efficiency of switching fields (SFs),
because the their structures mainly affect the efficiency
of the full DSS.

The purpose of this work is construction and
analysis of the effeciency of various structures and
capacities of SF SN of DSS EWSD of V.15 version
according to the determined effeciency criteria for
switching systems. The effeciency of digital SFs can be
evaluated in terms of their economical efficiency defined

as the number of equivalent switching points (Peq) [4,5].

In this paper, to evaluate the effeciency of digital
SFs, an economic criterion has been well-founded. This
criterion defines the cost of one digital channel in
equivalent switching points [7,8]. The efficiency was
calculated for thirty different SFs structures built on the
standard switching modules of EWSD system of
V.15version. The analysis of the results obtained have
been done, and the recommendations on exploatation of
the investigated SFs have been proposed.

2. Peculiarities of construction and structure
of the switching field of DSS EWSD

DSS EWSD has a very powerful switching field SN.
A full accessible SF is built on the basis of the module
principle, has little inside blockings and is dubbed.
Depending on the capacity the SFs can be used at the
stations of all the types and capacities. On the
inputs/outputs of SF, the linear groups LTG that have
128 channel intervals with carrying capacity of 64
kbit/sec are connected. Data rate through LTG is
128x64=8192 kbit/sec. The particularity of SF SN is the
fact that this SF is built (depending on its capacity)
according to only two structures, namely: three-links and
five-links structures. For the construction of these
structures, two time (71, 72) and two spatial (SM8 and
SM16) switching modules are only used. Middle and
small stations with the capacity of SF SN: 63LTG and
SN: 15LTG have a three-link SF with a Time-Space-
Time structure. At large capacity (SN:504LTG,
SN:252LTG, SN:126LTG), SF is built based on a five-
link structure Time-Space- Space-Space- Time [1,6].

A block-diagram of a three-link SF with large
capacity of 512 LTG is represented in Fig 1. The time
links are built on the time switching blocks (TSG), in
which the time modules 71 with the capacity of
(512x512) channels and data rate over LTG of 8192
kbit/sec or T2 modules with the capacity of (1024 x
1024) channels with the same data rate are used. The
spatial links are built on the spatial switching blocks
(SSG). At the process of SF construction, the interfaces
LIS8 are set to decrease the time of delays of channel
intervals between time blocks of aTSG link and the
spatial switches of a SSG link (Fig. 1). Connection of
512 input LTGs requires 512/8=64LIS8 that form 16
time group of TSGs. In order to connect 64 LISS, 4
spatial switches in the link of SSG of (128x128) LTG
capacity are needed.
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Fig 1. The block-diagram of three-link switching field SN with capacity of 512 LTG.
The total number of the equivalent switching points Thus,
of the field Time-Space-Time P, (Fig.1) is equal to the
P o (Mgl iseq Ncqp)(log, ml)-nl
sum of the equivalent switching points F,, of links of Py =|nl-ml+ 100 k1, “4)

time and spatial switching:
where P, is the cost of a three-link SF; P, Py are the

number of equivalent switching points of the time and
spatial switching links correspondently.

The number of equivalent switching points of the
time switching link can be described as:

N NC(T) “(log, NC(T))
100

NC(T) -7
100

PT: 'Nmod’ (2)

where N¢r) is the capacity of the time module in

channels, » is a bit cell.
The number of digital modules in links Time N4,

which equals:

N Np

mod — > (3)
NC(T)

where N, is the capacity of the digital SF in the

channels.
The number of equivalent switching points of the
spatial switching links is equal to:

Py =2-Pop+P,yp,
where Pgp is the number of equivalent switching points
of the spatial switch; P, is the number of the

equivalent switching points of a spatial switch address
memory device.

where N¢(p) is the number of channels of intermediate

path; nl is the number of inputs of the spatial switch;
ml is the number of outputs of the spatial switch; k1 is
the number of spatial switches in the Space link.

The cost of one channel of a three-link structure of
SF is:

&)

Let us construct a three-link SF of five capacities
[16x16], [64%64], [128x128], [256%256], [512x512] of
LTG linear groups or (2048x2048), (8192x8192),
(16384x16384), (32768x32768), (65536%65536)
channels correspondently. Let us denote these fields as
D1, D2, D3, D4, D5, and the number of input/output
channels as Np1=2048, Np,= 8192, Np;=16384,
Nps=32768, Nps=65536 channels respectively. For all
built SFs, whose structure parameters are shown in [7,8],
their costs and the cost of one channel are calculated in
the equivalent switching points. Coefficient K7 3pi1),
shows how much the cost of one channel of SF 3D1,1
with capacity (2048%2048) built on time module
(512x512) differs from the cost of one channel of SFs
1D2,1, 1D3,1, 1D4,1, 1D5,1. The obtained data are
shown in Table 1 and in consolidated Table 3.
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Table 1
Indices of efficiency of a three-link SF
1 is the number of SF 1 2 3 4 5
The capacity of SF, (LTG) [16x16] [64x64] [128x128] [256x256] [512x512]
The CapaC‘t-‘glgthSF’ thetime | 4842048) (8192x8192) (16384x16384) (32768x32768) (65536x65536)
Nmud(3Di,]) ,mod. 4 16 32 64 128
N odr3pi) )» mod 2 8 16 32 64
Ppii 1034,24 4137 10486 29491 92406
>7, €q.SW.p.
P 1075 4300 10650 30147 93716
<, eq.SW.p.
Pcapiy edswp. 0,505 0,505 0,64 0,9 1,41
P]C(3 Di,2) €4-SW-p. 0,525 0,525 0,66 0,92 1,43
KT[ (3Di,1)s ratio 1 1 1,26 1,78 2,8
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Fig 2. The block-diagram of five-link SF with capacity of 512 LTG.

The structure scheme of a five-link SF of large
capacity is depicted in Fig 2. In this scheme, to construct
a SSG link, which consists of three-link spatial switching
sections, S1 link is made of (8x15) spatial switches of
MS8/15 modules, S2 spatial link is made of (16x16)
spatial switches of M16 modules, S3 spatial link is made
of (15x8) spatial switches of M8/15 modules.

For the analysis of efficiency, we construct the five-
link SFs of all the five capacities that are denoted as
D1,1-D5,1 and D1,2-D5,2 respectively and use
equations (1-5) and modify them for the correspondent
SF structure. Let us analyze which scheme is effective
for the use and compare the efficiency of five-link SFs
with that of single-link and three-link SFs. The cost of a
single SF channel in the equivalent switching point is
defined as a criterion of efficiency [9].

The total number F, of Time-Spatial-Spatial-

Spatial-Time field equals the sum of equivalent

switching points of links of time and spatial switching,
that is

PSDZZ'PT+2'PS +PS2, (6)

where P, is the number of equivalent switching points
of the time switching link; Py = Pg; = P is the
number of equivalent switching points of the spatial
links S1 and S3; P, is the number of equivalent
switching points of the spatial link S2.

Let us calculate the number £, of the five-link SF

of maximum capacity D5,1 (let us note this as 5D5,1).
The capacity of the field is (65536%x65536) channels. At
the time link of this field, the module 71 with the (4x4)
capacity of linear paths LTG ((512x512) slots) are used.

Let us calculate the number of time modules in the
Time link of SF 5D1,1:
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N = Ns ps,y _ 65536
mod T -
Negny 512
The number of outputs from the Time link is equal
0 Noyyry =1 Nppog =4-128=512. For the connection

=128 modules.

of 512 outputs to S1 link, it is necessary to have 64
spatial switches (8%15) that compose 4 SSG. Each block
consists of 16 switches (8x15) (k1=16) and 15 switches
(16x16) (Fig. 2). The Time link has 16 TSG. Each TSG
has 4 LISS8 interfaces to be joined as 8 blocks 71. The
interface LIS8 is connected to S1 link using 8 inter-

mediate paths with connectivity of LIS8 being f;=8, and
connectivity of 71 block being fr=1. Further we can
calculate the cost of one digital channel of all the SFs
5Di1, 5Di2; the cost is measured in equivalent
switching points. The calculation results we show in
Table 2. In addition, Table 2 represents costs of the

coefficients Nyy; ;) NTZ(i, ;) that indicate a cost dif-

ference of a digital channel of SFs of different capacities
which are built on different 71 and 72 time modules.
The indices 7 and j take on values of all the SFs numbers
from 1to 5.

Table 2
Indices of efficiency of a five-link SF
i is the number of SF 1 3 4 5
The capacity of SF, (LTG) [16x16] [64x64] [128x128] [256x256] [512x512]
The capacity of SF, slots (2048x2048) (8192x8192) | (16384x16384) (32768x32768) (65536x65536)
N yoaspiyy - mod. 4 16 32 64 128
Nmnd(SDi,Z) , mod. 2 8 16 32 64
Fspiy) »€Q:sW.p. 6409 10249 15790 31580 63760
Fispia) €4.5W.p. 6449,9 10593 16118 32236 64271
Byspir) »ed-sw.p. 3,129 1,27 0,9617 0,9738 0,9618
Fyspiz) > €9 sW.p. 3,15 1,29 0,9837 0,9837 0,9837
Niygiyy »times 1 0,405 0,307 0,31 0,307
Npyia) »times 2,46 1 0,75 0,76 0,75
Nryis) times 3,25 1,32 1 1,01 1
Niyia) »times 321 13 0,987 1 0,98
Nyyis) »times 3,25 1,32 1 0,96 1
er(,',u , times 1 0,41 0,31 0,31 0,31
Nryiay) -times 2,44 1 0,76 0,76 0,76
Niyis) »times 0,32 0,76 1 1 1
Nryia) -times 3,2 131 1 1 1
Nisis) »times 32 131 1 1 1
Niaespiyy % 12,5 50 100 100 100

3. Comparative analysis of efficiency
of multi-link switching fields

In order to make a comparative efficiency
analysis, let us use the results from Tables 1 and 2.
Single-link SFs of five capacities to take into
consideration the two time modules 71 i 72 (ten
structures) are also constructed. The analysis of the
single-link structures gives, in the first place, a
possibility to evaluate magnitudes of the obtained
efficiency indices, in the second place, it shows which
SFs of the EWSD system are more effective to be
built as single-link ones. All the data obtained are
represented in the consolidated Table 3 displaying the
efficiency indices using the following notation:

- TlDi,l > Y;Di,Z’ Twi,ls T}Di.z’ TSDi.I’ TSDi,z are the

costs of digital fields, where figures 1, 3, 5 before the

symbol D denote SF structures (single-link, three-link,
five-link respectively), the costs i are the numbers of a
certain SF capacity, figures 1 and 2 after i are the
types of the time module (71 or 72) to be used to
build the Time link;

B, is the cost of a slot of all the above
enumerated digital SFs;

— the coefficients N, ,,, denote the ratio of
costs of single-link SFs of different capacities denoted
by subscript i and built on the time modules 71 and
T2; the coefficients Ns ;7 r2)> Nsir172), sShow the

same ratios for three- and five-link SFs;
— the coefficients N, ., (N5, ) denote the

ratio of costs of one channel of the single-link and
three-link (five-link) SFs built on modules 71;
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Table 3
Consolidated table of SFs indices
i is the number of SF 1 2 3 4 5
SF capacity, (LTG) [16x16]) [64x64] [128x128] [256x256] [512x512]
SF capacity, channels (2048x2048) (8192x8192) (16384x16384) (32768x32768) (65536x65536)
TID,;I »€q.SW.p. 880,64 11551 44237 172690 681570
Tlui,z »€q.SW.p. 552,96 6307 23265 88801 346030
Tsu,',] »€q.SW.p. 1034,24 4137 10486 29491 92406
Tw[,z > €q.SW.p. 1075 4300 10650 30147 93716
TSD[,] > €q.SW.p.. 6409 10249 15790 31580 63760
TSD:‘,Z » €(.SW.p. 6449.,9 10593 16118 32236 64271
By €9:5W-p. 0,43 1,41 2,7 527 10,4
P1N(3Di,1) »€q.SW.p. 0,505 0,505 0,64 0,9 1,41
PlN(SDi,l) > €q.SW.p. 3,129 1,27 0,9617 0,9738 0,9613
Pm(]p,-,z) »€q.SW.p. 0,27 0,77 1,42 2,41 5,28
P]N(}Di,Z) »€q.SW.p. 0,525 0,525 0,66 0,92 1,43
P]N(sn,-,z) »€q.SW.p. 3,15 1,29 0,9837 0,9837 0,9837
N\ irira) - times 1,6 1,83 1,9 1,94 1,98
Ny irira, > times 0,96 0,96 0,97 0,97 0,97
Ns irira) » times 0,96 0,98 0,97 0,98 0,977
N, 3ir) » times 0.85 2.8 5.346 8,5 11,5
vas(,.vm , times 0.137 1.11 2.8 5.44 10.8
N5,3([,T1) , times 6.196 2.51 1,5 1,08 0,68
QB(i,Tl) , LTG 1 4 4 4 4
Q3(i,T2)’ LTG 1 4 4 4 4
QS(i,Tl) = QS(i,TZ) ,LTG 1 1 1 2 4
fs(i,rl) ,LTG 4 1 1 1 1
fs(z‘,n) ,LTG 8 2 2 2 2
Sseiry» LTG 4 4 4 2 1
Ssira)- LTG 8 8 8 4 2

— the parameter O directly characterizes quality of

SFs switching (internal blocking); it shows how many
input liner groups (LTG) are served by an intermediate
path; the parameter Q for this SF is calculated as

Q=N,,n/fr =4/1=4 of LTG; the parameter Q,,

equals to the number of input group paths of module 71
in the three-link SF of capacity denoted by the subscript
i; these SFs are served by an intermediate path between
module 71 and spatial module of Space link. As we can
see from Table 3, the parameter Q in the five-link SFs

of small and middle capacities equals to 1 (one) what
means that these fields provide service of high quality. In

the two SFs of large capacity the parameter () increases

and is 2 and 4 respectively.
— the parameter f

between block 72 of TSG and SSG; the coefficient of
connectivity f5, -, shows the number of intermediate paths

characterizes the connectivity

between the time module 71 in a three-link SF of the
capacity denoted by the subscript i and the spatial module
of the Space link, the coefficient of connectivity f,

shows the number of intermediate paths between the time
module 71 in a five-link SF of the capacity denoted by the
subscript i and the spatial module of the Space link.



6 Ksenia Chaban, Hanna Laba

4. Conclusion

Thirty structures of the EWSD system switching
fields were constructed for the analysis in this paper. The
use of standard time and spatial modules was the main
condition for their construction. The efficiency (the cost
of a digital channel in an equvalent switching point) of
single-, three- and five-link SFs structures of five
capacities ([16x16], [64x64], [128x128], [256%256],
[512x512] LTG linear groups) using two time modules
T1 and T2 (with the capacity of 512 and 1024 digital
channels and data rate of 64 kbit\s) and three spatial
modules (with the capacity of (16x16), (8x15), (15x8)
TLG) is calculated. It is establised that one-link SFs with
small capacity are the most efficient, but their structure
needs non-standard  solutions  concerning  the
construction of structures of SFs of EWSD system.
Three-link SFs are efficient with small and middle
capacity. Besides, high efficiency in terms of a small
cost of one channel, they also have a qualitative service
of input paths as a result of larger connectivity. It is
efficiently to construct five-link SFs only with large
capacities of SF. In this case the five-link SFs are
dozens of times cheaper than the single-link ones and are
almost of the same cost as three-link SFs, but these SFs
of large capacity can not be constructed on the standard
time and spacial modules of EWSD system. The
capacity of time modules 71 and 72 has a significant
influence on the efficiency of single-link SFs only, the
efficiency of these SFs increases in 1.6 - 2 times with
increasing the efficiency of time modules in two times.
In the three- and five-link SFs with 71 or 72 the
efficiency changes by 1-5 percent.

The results obtained in the course of analysis
concerning the efficiencies of SFs of different structures
and capacities of the EWSD V.15 system provide the
possibility to choose an optimal switching field structure
in the process of switching digital systems design.
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JOCHIIKEHHS EOEKTUBHOCTT
KOMYTALIIMHUX HOJIB IU®POBOI
CHUCTEMMUM KOMYTALILi EWSD V.15

Kcenss Yaban, I'anna Jlada

BHacnimox mmpokoro BOpOBaDKeHHS MMQPPOBOI CHCTEMH
xomyTamii EWSD wa cywacnnx TeneOHHMX  mepexax,
aKTyaJlbHAM II0CTa€ THUTAHHS EKOHOMIYHOI e(eKTHBHOCTI il
exciutyatanii Jns posp's3aHHsS maHol TpoOleMH, Ha eTami
TIPOEKTYBaHHS LU(POBNX CHCTeM KOMYTALil CIII ONTHMAIBHO
o0HpaTH CTPYKTypy KoMmyTamiiinoro mnoms. Y poboTi 3MO-
JCIROBAaHO CTPYKTYPH OOHO-, TPhOX- 1 IISTHJIAHKOBHX
KOMYTalliiffHNX IONB T'ATH eMHocTeH muppoBoi cucTeMu
xomyTauii EWSD V.15, nobymzoBaHux Ha OCHOBI CTaHIAPTHHX
IBOX YACOBHX i TPROX MPOCTOPOBHX KOMYTALIMHMX MOIYIIB.
Jns omiHkM e@eKTHRHOCTI TPHANATH CTPYKTYP KOMYTAITiHHUX
MOMIB OGTPYHTOBAaHO ©KOHOMIUHHIT KpWTepiil, sxuil BM3HA-
YaeTHCSL BAPTICTIO OXHOTO LM(POBOTO KaHAIY B €KBiBUJICHTHHX
TOYKaX KomyTalii. B pesymeTari aHamisy BCTaHOBJIEHO, LIO
OIHONAHKOBI  KOMyTamilimi momst Mamol eMHOCTI €
Haife(eKTMBHILINMY, A TPLOXJIAHKOBI CTPYKTYypH e(eKTUBHO
peai3oByBaTH TUTBKM MAJIOT Ta CepeIHBOI €MHOCTI, KpiM TOTO,
BOHH MalOTh sikicHe oOCIYyTOBYBaHHS BXiTHWX TpakTiB 3a
paxyHoK Gimbmioi 3B's3HOCTI. [T'ATHIAHKOBI KOMYTAIlHHI TTOMNS
e(ekTrBHO OyayBaTH TIILKH IIPH BEJIMKHX €MHOCTSX, Y LBOMY
BUMANKy, BOHM B JECATKH pa3iB IEIICRIN OTHONAHKOBHX 1
Maibke oHieT BapTOCTI 3 TPHOXJIAHKOBUMH CTPYKTYPaMH.

Ksenia Chaban works as Asso-
ciate Professor at Department of Tele-
communications of Lviv Polytechnic
National University, Ukraine. She re-
ceived her Ph.D. degree in mathe-
matical software for computer systems
and networks in 2007 from Lviv
Polytechnic National University, Uk-
raine. Her research activity currently
covers systems of switching and infor-
mation distribution.

Hanna Laba works as Associate
Professor at Department of Telecom-
munications of Lviv  Polytechnic
National University, Ukraine. She
received her Ph.D. degree in optical
technology in 2002 from Lviv
Polytechnic National University, Lviv.
Her research activity currently covers
optical networks, propagation of
electromagnetic waves in optical fibers.



