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Design Parameters and Loss Calculation of Link Systems

DIETER BAZLEN, GERALD KAMPE, ano ALFRED LOTZE

Abstract—The problems of how group-selection link systems
" should be structured, wired, and hunted to achieve optimal traffic
characteristics are studied. Furthermore, a loss-and-load-equivalent
mapping of large group-selection link systems to smaller ones is
presented,
A new approximate loss calculation method is developed.
All studies were supported by extensive Monte Carlo simulations.

I. INTRODUCTION

N THIS PAPER the problems of how link systems
should be structured, wired, and hunted to get optimal
traffic characteristics are studied. These studies are per-
formed by means of simulation and calculation, respec-
tively. Monte Carlo simulation [17, [3] was applied with
‘3, total of miore than 300 million calls. About 200 group-
selection link systems with 2, 3,4, and 6 stages have been
considered. The total number-of outlets per link system is
in the range of 100 up to 1000 trunks. Of course, in this
paper only the most essential results can be reported.

Poissonian traffic was offered to all considered link
systems (¢f. Section ITI-H) . The holding times are negative
exponentially distributed. o

~ In each case, point-to-group selection was applied. Each
call offered to an idle inlet in the first stage can hunt all
~accessible trunks of the desired group behind the last
stage by means of the marker in order to occupy an idle
one. This point-to-group selection yields for the same
carried traffic extremely smaller losses than the point-to-
point selection mode (see Iig. 1). In this latter mode, first
an idle trunk of the desired group is selected. In the second
step, the marker has to find a chain of idle links from the
~calling inlet to the a priori fixed idle trunk.

In Section T a survey is given on the investigated link-
system tvpes, the selected structures considered here, and
two different modes to hunt the inlets.

In Section III the influence of different wiring and
hunting modes on the probability of loss is investigated.

Section IV deals with a new procedure of link-system
design to obtain a minimum requirement of crosspoints
per Erlang for prescribed traffic and loss as well as for
good overload characteristics.

In Section V a handy method is presented which facili-
tates a loss-and-load-equivalent mapping of large group-
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Fig. 1. Probability of loss versus carried traffic per trunk in case of
point-to-point seléction and point-to-group selection (simulation
results for structure L42, Fig. 9).

selection link systems to smaller ones for the purpose of
their economic full-scale simulation on a digital computer.

Section VI deals with a new approximate loss calcula-
tion for group-selection link systems. Calculated and
simulated results are compared.

II. SURVEY ON THE STRUCTURES STUDIED,
DEFINITION OF¥ THE INPUT PROCESS

A. Summary

In this section a survey is given of the link-system
structures which are discussed in Sections III-VI. Of
course, only a selection out of the total of more than 200
investigated structures is shown. All structures are de-
signed for group selection and do not concentrate the
traffie, except possibly in the last stage.

The various link systems consist of 2, 3, 4, or 6 stages.
Five-stage link systems were not considered by reason of
additional computer time.

For a better understanding of link-system structure
parameters, the general considerations are given in Section
I1-B-1I-F. Each link system is signed by a code and listed
in Section 1I-G. Section IT-H deseribes the inlet hunting.

B. Structures Wath Two Stages

Fig. 2 shows the notations applied to 2-stage link sys-
tems. In all studied 2-stage link systems there exists at
most one link between each multiple of stage 1 and stage
2 (2-stage fan-out structure, ef. Section I1-C). Two-stage
structures with more than one link connecting each multi-
ple of stages 1 and 2 are not presented here.

The following notations are applied:

1; inlets per multiple in stage 7, (j = 1,--+,5);
kj outlets per multiple in stage 7, (7 = 1,---,8);
g; number of multiples in stage 7, (j = 1,--+,8);
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Fig. 2. Notations for 2-stage link systems.
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Fig. 3. Notations for 3-stage link systems.

S number of stages;

R number of outgoing trunk groups;

l;is1 average number of links from each multiple in
stage 7 to each multiple in stage j + 1;

ks,  outlets per.multiple to group r, (r = 1,--+,R);

n. . number of trunks per group r, (r = 1,-<+,R).

C. Structures With Three Stages

Fig. 3 shows the notations for 3-stage link systems,
applied to two distinet structure types.

1) fan-out structure: at most one path leads from a certain
inlet of stage 1 to a certain multiple of the last stage.

2) sneshed structure: more than one path exists between
a certain inlet of stage 1 and a certain multiple of the
last stage.

The multiples of two successive stages can be wired
such that the link system is subdivided into linkblocks
with regard to these stages.

Fig. 4 shows two examples of 3-stage link systems with
linkblocks. General remarks on linkblocks are given in
Section HI-E1.

D. Structures With Four Stages

Fig. 5 shows the notations for 4-stage meshed link
systems with group selection. Link systems with link-
blocks (Fig. 53) and without linkblocks (Fig. 6) are con-
sidered. '

E. Structures With Six Stages

Fig. 7 shows the notations for 6-stage link systems
with meshed structure. The studied structures are de-
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Fig. 4. Linkblocks in 3-stage link systems.
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Fig. 5. Notations for 4-stage link systems with linkblocks.
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Fig. 6. Notations for 4-stage link systems without linkblocks.

detalled rotation :
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Fig. 7. Notations for 6-stage link systems.

signed without linkblocks or with 1inkb100ks, e.g., in
stages 1-2~3 and 4-5-6 (Fig. 7).

F. The “Linkwidth’’ of a Group-Selection Lank System

The linkwidth (LW) of a link system is defined by the

inlet linkwidth LW, = P/\. and the outlet linkwidth
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Fig. 8. Four basic structural features.

‘ Lwout = P/]Vou@ VVIth

P number of links between two successive stages

(in the considered structures for group selection,

P does not vary inside the link system) ;
total number of link-system inlets;
total number of link-system outlets.

Evin
A-/Vout

Fig. 8 shows the 4 basic structural features being studied
in this paper. The influence of inlet linkwidth and outlet
linkwidth on the probability of loss is studied in Section

IV. The results presented there show clearly that only

feature 4 or at least feature B should be applied. Features
C and D yield remarkably higher probabilities of loss.

G. Luist of Presented Structures

Tig. 9 gives a survey on the structures. The following
sections refer to these structures by the indicated code
only.

H. The Input Process

It is assumed that Poissonian traffic A’ = \+h is of-
fered, having a constant call rate \. The holding times are
negative exponentially distributed (mean holding time £).

Since link systems have a finite number of inlets, two
methods can be distinguished regarding the offer of calls.

1) Method I: To each multiple of stage 1 an individual
partial traffic A,” = A'/¢: is offered. This partial traffic
is eclipped, if all 7; inlets of the considered multiple are
busy (probability of blocking b;). Thus the actual offered
partial traffic becomes 4, = A4,"-(1 — by) and the total
offered traffic is

g1
A=3 A,

1=1
2) Method II: To all multiples of stage 1 the total
traffic A’ is offered. To achieve balanced offered traflic
per multiple, any offered call can hunt the total number
of inlets in sequential order starting with the first inlet
of a randomly selected first-stage multiple. Without regard
to further connection through the link system, the call
occupies the first free inlet which is found in the first
selected or subsequent first-stage multiples. Therefore, the
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Fig. 9.

List of presented structures.

total traffic is clipped only if all Nin = %-¢1 inlets of the
link system are busy (probability of inlet blocking brr).
Thus the actually offered total traffic becomes A =
47+(1 — byy). Because of 4 < Njy it holds by < by

L
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Code of 1ink |Tvpe of Example
wiring Link wiring X

Structures SN sequentially S

without Wired links, hia
linkblocks no linkblocks | el -

CNicyclically - -

wired linka, 7

no:linkblocks EZ27

SW|scquentially § s |

'S'trﬁctures Wired links, g block 1
within s

linkblocks Tinkblocks S‘;-.iblmk 2

CW CyClchlly
wired links,
within
Tinkblocks

SBiscquentially
wired links,
between
Tinkblocks

cB cyclically
wired 1inks,
between
Tinkblocks

1

~

Code of ) )
hunting mode {Type of hunting mode

H |Sequential hunting with home
position

R [Sequential hunting with rmdom
stars pouition

Fig. 10. Types of link wiring and hunting modes

Method I can cause a more intensive smoothing of
traffic than method II and can yield losses even lower
than in full accessible trunk groups. To avoid this falsify-
ing ‘“‘sub-Erlang loss’-effect as far as possible, in all
presented tests method I1-was applied.

IIT. THE INFLUENCE OF LINK WIRING AND
HUNTING MODES ON THE LOSS OF LINK
SYSTEMS

A. Survey

The probability of loss in link systems depends not
only on the offered traffic and the structure but also on
the mode of link wiring and hunting (routing of an in-
coming call). These questions are studied in this section.
Wide and narrow structures (cf. Section II-F) consisting
of 2, 3, 4, and 6 stages are investigated.

In 2-stage and 3-stage link systems sequential wiring
and sequentiol hunting with home position is found to
vield the lowest loss. In 4-stage and 6-stage link systems
the difference between CN-H and SN-H (Fig. 10) is
not significant but a slight tendency to smaller losses in
case of cyclical wiring without linkblocks and sequential
hunting with home position was found by many simulation
runs. Tt is shown that link wiring with linkblocks results
in increased loss compared with link systems wired without
linkblocks.

In the loss range of 10 percent up to 100 pereent there
exists no remarkable influence of link wiring and hunting
mode on the loss. Wide optimum structures (Section IV)
are by far less sensitive to link wiring and hunting modes
than unfavorable narrow structures (Section II-F).

B. The Studied Modes

As Fig. 10 shows, 6 types of link wiring and 2 types of
hunting mode are investigated (strictly random hunting

1911
02
7
| / ! Vol
gl 74 & P
/ /7
‘ 4
0.05 #- f I
® //' Structure
# I Structure 3 .
/" L20(wide) /I L21(narrow)
0.02 7~ Simulation ‘%M
/ L on-m o (Siem)
O (SN-R) L % (CN=1)
001 % (CN=H) S (oNaR)
I o (cn-R) ;
1 Calculation
06,0054 -1 Calculation é—- c apter 6)
— = CLIGS=A == CLIGS=A
,‘ ~—(CLIaS-B || ——cLias-e
ol I : : I A
o i %=
3 04 08 Ed 08303 04 08 Ed [} ]

Iig. 11. - Wiring and hunting in 2-stage link systems (here 4,/n. =
Aot/ Nouwy) (simulation with 95-percent confidence interval).
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Fig. 12 Advantage of (SN-H) in case of graded trunk groups
(here A,/n, = Am/ out)

yields approximately the same results as sequential hunt-
ing with random start position and is therefore not dis-
cussed here).

The code indicated in Fig. 10 is a short notation of
link wiring and hunting mode, e.g., (SW-H)(CN-H)
stands for a 3-stage link system: between stages 1 and.2,
the links are sequentially wired within linkblocks (= SW) "
and sequentially hunted with home position (=H).
Between stages 2 and 3 the links are cyclically wired
without linkblocks (=CN) and sequentially hunted with
home position.

C. Structures with Two Slages

In Fig. 11 simulation results of a wide structure (L20)
and a narrow one (L21) are compared. In both cases, the
following rule for 2-stage link systems is obvious. The
mode (SN-H) is advantageous if the loss does not exceed
10 percent. For higher losses no remarkable difference
betyween the various wiring and hunting modes exists. In
link systems with graded trunk groups (SN-H) is still
more favorable (Fig. 12),if these gradings are designed
with progressive commoning which is suitable for sequen-
tial hunting with home position (cf. [107], [11]).

In 2-stage link systems the modes (CN-H), (SN-R),
and (CN-R) do not differ regarding the resulting loss
[147. Therefore, sequential hunting with random start
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Fig. 13, Wiring and hunting in a wide 3-stage meshed link system
(here A,/n, = Atwt/Nout)-

position is not considered any more by the investigations
© of Section IT1I-D-III-F.

D. Structures with Three Stages

In Figs. 13 and 14 B, = f(4./n.) of two meshed 3-stage
link systems is presented. As L30 has a wide structure
(Section II-F), the modes (SN-H) (SN-H) and (CN-H)-
(CN-H) give nearly the same loss with a slight advantage
for (SN-H) (SN-H) (see Fig. 13).

An extensive study of system L32 is given in Fig. 14
where 8 different wiring modes are investigated [15]. The
considered narrow structure can be wired with or without
linkblocks in stages 2 and 3 because each multiple of stage
2 bunts 10 out of 20 last-stage multiples only. In the
case of linkblocks we get a structure similar to Fig, 4(b).
Fig. 14 shows that (SN-H) (SN-H) is best. Cyelic wiring
between stages 1 and 2 is not favorable. Linkblocks in-
crease the loss even more. As in 2-stage link systems, all
studied modes are equivalent in case of high offered traffic.

Three-stage fan-out structures show minimal losses
in the case of mode (SN-H)(SN-H), too. Fig. 15 gives
two examples which demonstrate that in the case of fan-
out structures even wide structures are sensitive to wiring
and hunting mode. ‘

. Structures with Four Stages

1) General Remarks: Tn spite of their loss-increasing
properties, linkblocks are often favorable because of the
following technical reasons: 1) in case of increasing traffic
the link system can casier be extended by attaching
additional linkblocks; and 2) the common control may
sometimes be organized simpler for blocks.

In Section ITI-E2 some block and nonblock configura-
tions of linik system L48 are compared.

2) Stmulation Results: For wide 4-stage link systems
Tig. 16 gives an example by link system Z41. In this
case, the subdivision into linkblocks has no remarkable
influence on the loss. On the other hand, narrow (not
recommendable) 4-stage link systems show a more dis-
tinet relation between wiring and hunting mode and
probability of loss (Fig. 16, link system L48). Examples
of & more detailed study on block or nonblock design are
given in Fig. 17: at 4,/n, = 0.56 Erlang the loss varies
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Fig. 16. Wiring and hunting in {-stage link svstems (here A,/n, =

tot, out/.

from 0.098 to 0.237 percent depending on the structure.

In Sections 111-C and III-D it is demonstrated that in
2-stage and 3-stage link systems minimum loss is obtained
for sequentially wired links conmbined with sequential
hunting with home position. The reason may be that in
this mode the upper multiples of stage 2 get maximum
load and the lower multiples have a certain “free-path
reserve.” Contrary to this result, the mode (CN-H) per
stage is favorable in 4-stage and G-stage link systems
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Fig. 18. Wiring and hunting in 6-stage link systems (here A4 Sy =
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(cf. Section III-F). This may be explained by the fact
that in systems with more than 3 stages the outlets of
multiples in a certain stage generally do not reach all
multiples of the succeeding stage, and therefore their

possible free-path reserve is not effective. In these systems

it is more advantageous to distribute the traffic equally
among all multiples per stage. This can be achieved in
structures without linkblocks more consequently, because
in this case the traffic flow is not divided into parts by a
block structure. '

F. Struciures with Stx Stages

In accordance with the results obtained in 3-stage
and 4-stage meshed link systems (see Figs. 13 and 16)
also the loss in wide 6-stage link systems does not depend
on the applied wiring and hunting mode. In I'ig. 18 system
L611s given as an example.

An example of the studied narrow structures is repre-
sented by system L64 (Tlig. 18). As for narrow systems
with S = 4 cyclic wiring without linkblocks is most
favorably here.

IV. OPTIMAL DESIGN OF LINK SYSTEMS
FOR GROUP SELECTION
A. Survey

Lotze [97] has alréady demonstrated how to calculate
“optimum link systems” from the viewpoint of the mini-
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munt crosspoint requirement for preseribed traffic trans-
parency.

The following outlines make use of these minimum
crosspoint rules. IFurthermore, they pay special attention
to a favorable loss versus load characteristic in the range
from the expected traffic to beé carried up to significant
overload. ‘

The results shown in Section IIT and further results
presented here prove that a group-selection link system
is om no account permitted to have a “narrow structure,”
ie., ki/1n £ 1, because of its very unfavorable loss-increas-
ing property. This requires in any case expansion from
inlets to outlets of the first-stage multiples, even for a
small load a; per inlet, e.g., a; = 0.5 Krlang.

It will be shown that “narrow” link systems can be
replaced by more favorable “‘wide’” link systems without
increase of crosspoint requirement, sometimes even with a
saving of crosspoints (cf. Section IV-B3b).

The optimum link method [9] vields for a group-
selection link system with given numbers Nin, Nowy of
inlets and outlets, respectively, and with prescribed
transparency T, an assortment of various different struc-
tures having nearly the same minimal crosspoint require-
ment for the same carried traffic. '

Tt will be demonstrated that, nevertheless, the strue-
tures can have rather different and more or less suitable
overload characteristics, which should be regarded for the
design.

e

B. The Tools for Design

1) Mz Crosspoint Structures: The most necessary
ideas and formulas of [97] are briefly reviewed.

Looking for minimum crosspoint structures, one has
to differentiate a formula describing the total crosspoint
requirement. This differentiation must regard the w anted
carried traffic as well as (approximately) the de%lredi
grade of service (probability of loss). Instead of a more

‘or less complicated (perhaps more or less accurate) ap-

proximate loss formula, the grade of service is charac-
terized by means of the desired traflic-transparency 7'
of the link system. T is a funection of carrled traffic and

system parameters

S—1

=TI (kj = us) ks

J=1

(1)

where y; = Yie/g; is the carried traffic per multiple in
stage number j, j = 1,-++,S — 1. Balanced traflic input
is provided.

The transparency T according to (1) means that aver-
age quantity of different idle paths [feach consisting of
(8 — 1) links in series], which lead from an arbitrary
free inlet of a first-stage multiple to the total of Nou =
gs* ks outgoing trunks.

Meshed link systems have for normally carried traffie
ofter T > Now. For a “wide” group-selection system,
well designed by means of the outlines helow, one obtains
from 7T an approximate lower bound of the effective
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I

accessibility ke, to any outgoing group number r (r
1,-«+,R) having n, trunks.

]l/v'Sr
For T = N,
('

the n, trunks are practically full acces-
sible (compare traffic tests in Fig. 21).

ke
For T-=2

s

< n, the n, trunks have more or less

limited accessibility,

/ . .
where 7' is a lower bound of ke, (ef. Section VI).

TS

In addition to 7' one prescribes for the design also the
total carrigd traffic Yo, the total number of inlets .V
and therewith the carried traffic per inlet

iny

ay = Ytot/Nin. (2)

The theory [9] vields the following formulas for the
structural design of systems with inimum erosspoint
requirement.

Sopt = In (T/4-ay) (3)

is that number of stages which leads to the smallest crogs-

" point requirement.

The necessary number of erosspoints € referred to the
total traffic Vi, vields the crosspoints per Erlang (CPE)
for a minimum crosspoint structure by (¢f. Fig. 19)

C ,[me = 4'S<T/4‘(11)1/S. (4)

Fquation (4) is true for SéSON, if (3)—(8) are oh-
served; ‘

ky= 2+ (T/Aa) s, j=238=1 (5
iy = 1; = ky, J =238~ 1 (6)
ki = 1y (a70.5) = 152+t (7)
lg = 11 (8)

The minimum total number of required crosspoints
becomes with (4)

C = Yﬁot'CPE. (9)

N

From (4) and (9)
regarding (5)=(8):

TYmax = <‘._‘““(l—
A\ gn“(11'4‘

S
) '401.

Tormulas (3) and (5)-(8) still disregard the fact that
the quantities S, &, 7 can only be realized as integers.
Rounding up or down does, however, not influence signifi-
cantly the erosspoint requirements CPE or C, respectively.
The same is true with respect to some variations of the
rounded integer values of & and 7, to attain suitable integer
ratios, such as .\, 7, being the number of multiples in
stage number 1, ete. )

follows for prescribed quantity C,

(10)
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Of course, the designer has to check whether the realized
final structure approximates well enough the prescribed
transparency T,, at the “operating point” (normally
carried traffic).

2) Transparency Versus Carried Traffic: The trans-
parency T is a parabolic function, which decreases with
increasing carried traffic. According to (1) this decrease
dT/dY e or dT/da;, respectively, depends not only on
the traffic but also significantly on the number S of stages.
Fig. 20 gives a clear picture of this property by means of
3 different link systems (S = 3 with € = 21166 cross-
points, S = 4 with ¢ = 17814 crosspoints, and S = 6
with = 16866 crosspoints). ‘All 3 link systems are
designed according to section IV-B1 for an operation-
point transparency Too/Nows = 1.75 at a1 = 0.7 Erlang
and with Vi = N, = 400. The design has to take into
account thls overload characteristic (Seetion IV-C).

The smallest number S of stages which vields a wide
svstem, having the desired operating transparency Top,
guarantees the smallest overload sensitivity.

C. Outlines for the Design

1) General Remarks: From the considerations in Section
IV-B2 it follows that the design of group-selection link
svstems mainly has to regard the following points.

1) The prescribed transparency To, at the operating
point, i.e., for the traffic Y to be normally carried,
should be attained (at least approximately). By means
of Y and the various partial traffics ¥, per outgoing
group number 7, one calculates the probabilities B, of
loss according to Section VI.

2) The structure should be designed such that for
prescribed operating transparency T, and for a corre-
sponding crosspoint requirement in the order of CPEwnin,
the decreased transparency 7oy (in case of short traffic
peaks as well as of a longer lasting overload period) re-
mains as bearable as possible (see Section IV-B2).
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In the following sections the design is explained in
detail by means of various examples.

2) Example Number 1: System design for the following
preseribed parameters:

. Zvin = 250

Nyt = 250 [eg, R = 5, = 50(r = 1,-++,R)

or B = 3,n = 50, n, = ng = 100, ete. ]

Yior = 160 Erlang
a; = 0.64 Erlang
Top = 250 = 1.0* Ny

With 7/a; = 250/0.64 = 391, it follows from Fig. 19
that CPEnin 1s nearlv the same one for S =23,4,5and 6
stages.

With (4) one obtains for S = ‘%/4/0/6/ the wvalues
CPE = 55.3/50.3/50/5L1.5.

The crosspoint requirement regarding S = 4and S =
respectively, does not differ remarkably. Therefore, S = 4
is chosen.

With 8§ =4, T = 250, and o, =
(5)-(8):

0.64 one finds with

i1=---=7:4=k2="'=]\"4=6.29
k1=Z4=805

Appropriately, one realizes a (slightly less expensive)
structure which regards that the number Nin = Ny =
250 i.e:, Niu/% should be an integer.

. Be chosen 1y =ts = ke =13 =ks = ks =5 and /\1—-
4y = 8. Therewith we get the link system L41:

58 with ¢ = 8000.

_ The transparency becomes T(a: = 0.64) = 216. Be-
cause T+kg/ks < n, vields lower bounds for ke, the
loss differs not remarkably from the loss in case of full
accessibility (see Fig. 21 and cf. Section VI).

3) Erample Number 2 for a1 = 0. 5 and ar* > 0.5: a)
For the sake of simplicity we take also N = 250, Nows =
250 (R =5, n,=50(r=1,--+-,R)) and here Vi =

515 5]5 815

0.5:250 = 125 Erlang, ie., a1 = 0.5. Desired be Top/
Nows & 1.6, Le., T A~ 400. Equations (5)—(8) vield 41 =

ki=dp= s+ =ki=T5.
With regard to Vi = Now, = 250, the following struc-
ture is realized (whose transparency is no more Vvery

close to the optimum) :
I48:10110 515 10110  with C = 7500.

One finds T(a; = 0.5) = 313 (instead of 400, being
the theoretical optimum for k; = 7.5). For a1 = 0.6 one
still obtains 77(0.6) = 160.

For the designed traffic a; = 0.5 system L48 has obvi-
ously a negligible loss. The same holds for the other struc-
tures discussed below. But in the case of (unexpectedly)
higher values of a; one recognizes that wide structures
having about the same number of crosspoints are signifi-
cantly more favorable.

5|5
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Fig. 21. Loss in link systems with about 8000 crosspoints (simula~

tion results only).

b) Now, we try to find a wide system instead of that
one designed in Section IV-B3a, with ki 2 1.2-7 and ¢

without an additional crosspoint requirement (C ~
7500).
We insert into (ki/ii) = 1.4 = 2a;* the auxiliary

parameter a;* (not identical with the traffic a1 = 0.5 <
a;*) and obtain according to (10) with constant C and
ki > 1.2+4; a reduced value

fq 4
Tiax™ = <—J£L> +4:0.7 = 144.14.
250:0.7-4+4
From (5)—(8) we get with ar* and T = 144.14 the
parameters of the wide structure h=th=1I =106="hk=
ki = 536 and ky = 4 = 7.5,
Be realized 41 = 5, k1 = 7, ete. This “improved” struc-
ture L43 looks now:

517 with € = 7000 < 7500,

We get T(0.5) = 233 which is remarkably below
T(0.5) = 313 of the above system L48, however, still
fairly close to 7' = Noue = 250. F'urther, we get T(0.6) =
163 ~ 160 for the system L48. Nevertheless, Fig. 21t
shows that B, = f(4,/n,) is by far better for the wide
system L43 than for the narrow system L48.

¢) Of course, one can find still other “improved” struc-
tures, e.g., with ai* = 0.6,-++,0.8 Erlang and sometimes
slightly inereased crosspoint requirements. [ Another
suitable structure would be L41 with € = 8000 and
T(0.6) = 244.] The losses of all these structures have
been measured by artificial traffic tests and are drawn
in Fig. 21. The difference to the system L48 using Iy = 5
ig striking!

4) Further Examples: In the following examplos further
structures are considered to show the influence of the ratio
k1/1; and the number of stages .S on the loss of link systems.

1) In Figs. 21 and 22, among others, the curves for
loss and transparency, respectively, for the 3-stage link
system L37 and the 4-stage system L43 are drawn. The
wide 3-stage link system is more advantageous than the
narrow 4-stage system, both having the same number of
crogspoints €' = 7500.

2) Figs. 21 and 22 contain furthermore two 4-stage
link systems having ¢ = 10 000. The inferiority of the

T

515 55715
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Fig. 22. Transparency of link systems having about 8000 cross-
points each. -

narrow system L45 with ki/é, = 1 is obvious comparing
with the wide and optimal system L40.

3) The 6-stage link system L60 with C = 9000 has
in the range of a; = 0.7-0.8 Erlang slightly higher losses
than L4l with € = 8000 (cf. Fig. 21). This is caused by
the steeper slope dT/das of L60 (cef. Fig. 22).

4) In Tig. 23 the loss-increasing effect of ki/i =1
is shown by means of two 3-stage link systems. The two
structures L31 and L32 differ only in the first stage. L31
has 9| 10 and L32 has 10 | 10 first-stage multiples. This
results in remarkably increased losses for the narrow
system L32. (L31 represents a structure according “to
feature B in Section II (Fig. 8) with LWi, > 1 and
LWy, = 1).

5) A similar case to that of Fig. 23 is considered in
Fig. 24. Again both structures differ only in the first
stage. 43 has 5 | 7 and L44 has 7 | 7 first-stage multiples.
For the narrow system L44 the loss is increased by a factor
3-1.6 in the range of A4,/n, ~0.65-0.8 Erlang. (L44
represents a narrow structure according to feature D

1 Section I1 Fig. 8 with LW, = 1 and LWeu > 1.)

As to the suitable design of link systems with point-to-
point selection, which is not handled here, the authors
refer to the extensive investigations in [137].

V. MAPPING OF LARGE LINK SYSTEMS
A. Survey ‘

Up to now large link systems can often not be full-
scale simulated. Instead, a partial graph of the link system
is investigated by artificial traffic trials (e.g., [8]).

In this section a new method is presented which facili-
tates a loss-and-load-equivalent (LLE) single-valued
mapping of large group-selection link systems to smaller

“ones (the number S of stages remains constant). These
small systems can be full-scale simulated requiring signifi-
cantly less computer time and less storage capacity. The
accuracy of this LLE mapping is shown by simulation
results. ’

B. Qutline of the Method

In Section IV it was shown that the loss characteristics
of link systems depend dircetly on the link-system trans-
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parency. Therefore, the presented LLE method is based
on the idea to: design a smaller link system (parameters
marked by an asterisk) with the same average number of
“yisible” last-stage multiples as in the large system (cf.
Section IV-B). . —

It holds
T* 1 T 1
i = e (11)
ks* gs* ks gs
\Vit}l
T7*,T transparency,

ks* ks outlets per last-stage multiple;
gs™,gs " number of last-stage multiples.

The smaller structure congists of m times less inlets,
link lines, and outlets, respectively, compared with the
large structure (m < 1, mapping factor). To achieve
the same loss and load characteristics of a certain out-
going trunk group, the designer regards (11) and proceeds
as follows:

a) in stages 1,2,-5+,S — 1 the multiple parameters
remain constant (% = 7;, k;* = k;), but the num-
ber of multiples per stage j is reduced by the factor
m, e, g% = m-g;;

b) in the last stage the number of multiples remains
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constant, (gs* = gs), but their parameters are
reduced by 75 = m+ds; kg* = ni-ks;

¢) the considered outgoing trunk group has the same
numiber of trunks; only the total number of outgoing
trunks is reduced by Nows® = 71+ Noue:

Determination of the mapping factor m: The designer
must take into account that m should not lead to less
than R* = 2 outgoing groups to get a group-selection
link system. Furthermore, m is to be chosen such that the
parameters g;* and R* are integer numbers (cf. Section
V-C, example 1: i5* = 2.4).

Of course, the traffic is,-in the case of a high usage
operation, more smoothed within the smaller system.

This can, for very high utilization, reduce the probability.

of loss (cf. Section V-C, example 2). Therefore, the total
offered traffic A* to the mapped small system should not
exceed a value for which the probability of “all Ny, inlets
busy”’ is higher than about 1 percent, according to

.. EllNin*(A*) [4].

C. Ezamples of Mapping

‘1) Exzomple 1: Tig. 25 shows the comparison between
a 250-trunk 6-stage link system (L62) and a 100-trunk
6-stage link system (L63). The applied mapping factor

“ig m = 0.4. The losses of both systems agree within the

whole range of offered traffic.

2) Ezample 2: In Fig. 26 LLE-mapping is demonstrated
by three 3-stage link systems: structure L33 with 200
trunks is mapped to structure L34 with 100 trunks (m =

0. 5) and to structure L35 with 40 trunks (m = 0.2),
' respectively, At A,/n. <

7 the mapping factor m = 0.2
(40 inlets). vields equlvalent loss, whereas in case of
A./n. > 0.7 the loss of the smallest system (L35) in-
creases less than for L33 because the probability Fi s0(4,)
becomes >1 percent. Thus a mapping factor m = 0.5
is more suitable for those offered traffies.

3) Hxample 3: Fig. 27 gives an example for LLE map-
ping of 4-stage link systems: structure L46 with 1000
trunks is mapped to the structure L47 with 400 trunks
(mapping factor m = 0.4). This saves about 30 percent
of storage capamtv (data only). Furthermore, 64 percent
of expensive computer time was saved, provided the
simulation results were obtained in both cases with ap-
proximately the same confidence interval.

VI. APPROXIMATE LOSS CALCULATION

A. Survey

This section deals with loss calculation by a new ap-
proximate formula for the effective accessibility regarding
link systems with group selection, which have an equal
number of inlets and outlets per multiple except an ex-
pansion in the first and possibly concentration in the last
stage, respectively. The abbreviation of the method is
CLIGS. .

Two versions CLIGS-4 and CLIGS-B are derived.
CLIGS-A is applicable for a quick manual evaluation;
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CLIGS-B is for computer evaluation only. Artificlal

traffic trials have proved the validity of these two methods.

B. The E flective Accessibility key

The approximate effective accessibility e is caleu-
lated from two terms (see Sections VI-B1 and VI-B2).
1) The “Free Fan:” The so-called “Free Fan” (FF)
is defined by
. e
FI'= I (k; — y)) (12)
g
where kj,y; are the outlets and the carried traffic, re-
spectively, per multiple in stage j (j = 1,---,8 = 1).
In (12) the limitations hold
S =1, (13)

I (ki — yi) < gea(i = 1;-+

i=1

This FF represents that number of multiples in the last
stage which are, on the average, accessible via free link
paths from any free inlet of the first stage. The corre-
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sponding FI accessibility to a certain outgoing group
nuniber r is therewith
]CFF,T = FF'](ST‘ (14)

Equation (14) equals the average number of outlets
to the considered outgoing group number r which can be

“hunted within the FF regardless of whether they are

idle or busy.
2) The “Busy Fan:’ By means of the “Busy Fan”
(BT) a second term of ket is calculated. The BF is de-
fined by
To8=1
BF = [k — FF

j=1

(15)

where 15 is limited by gs and means the “Maximum
Fan,” i.e., the maximum number of S-stage multiples

ing accessible from an inlet of the first stage (at least
for traffic Yo, = 0). ‘

The BT is equal to the average number of S-stage
multiples within this maximum fan, but outside the I'I'.
From the BF follows

b, = BF kg, (Y,/nr) (16)

which is the average number of busy trunks in the con-
sidered group number r within the BI'. The FF does not
include this number b; of busy trunks.

Now it is known that “accessibility?” is defined by 1)
all aceessible idle trunks of a group, and additionally;
2) all busy trunks of this group which can be accessed
and occupied once more, as soon as they become idle.

The sceond point includes obviously not only busy
trunks of a group number 7 within the FF. Additionally,
it contains also that part of the b, busy trunks [(16)] to
which a free path from the considered first-stage multiple

- “9 their own S-stage multiples gets open as soon as their
. stablished - connection terminates. This still-unknown

share of b, also forms a part of the “effective accessi-
bility.” By one and the same termination also further
idle outlets could become accessible.

How many trunks out of the b, busy trunks within
the BT do fulfill this condition “increase of access via
the IPI® as soon as an established call terminates?”

The more links to the last stage (inlets of stage S)
are idle, the greater the probability that a further newly
released S-stage inlet opens one or more paths via free
links to those multiples in preceding stages S — 1,8 — 2,
- +++,3,2 which are already part of the FF. A first charac-
terizing figure for this access-increasing effect is the
average number f of all frec links referred to all Nou
trunks (for given total carried traffic Vo).

It holds

= (P = Yis)/Nout for meshed structures with

P = gs-is and Now = gs-hs
or

f = </‘7$>—1)

for fan-out structures.
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Using this ratio f as an approximate factor to caleulate
from (16) the “BF contribution” kgr,. one obtains

kBF,«,- = BF']CST'(Y,-/’I’L,)‘f. (17)
The fitting of (17) had, of course, to be checked and
confirmed on the basis of many thousands of artificial
traffic trials, performed for this paper (see Sections I1-V).
With (14) and (17) the approximate formula for the
effective accessibility to a group number r holds

(18)

kott,r = kpwr =+ Fow

This formula is directly applied to the loss calculation
in the following section (method CLIGS-4).

C. Loss Caleulation by Method CLIGS-A

By means of the effective accessibility ke, [according
to (18)7] the considered group-selection link system is
replaced, for a certain carried traffic, by an equivalent
one-stage array with a constant accessibility & = ket

Then the well-known MPJ loss formula [5], [7] is
applied

_ El',nr<A0r>
El,nr - keff,’r(A-Or) '

From the prescribed carried traffic Y, of the considered
trunk group number 7 the parameter Ao has to be calcu-
lated iteratively [57] to fulfill the condition

Y, = Ap(1 = B (do)). (20)
The actually offered traffic to group number r becomes

i Y?‘
1 =B

A, (21)
For given (Y,,nr,lceff,r) existing loss tables [7] can
also easily be applied.
The probability of loss, calculated with (19), is in
good agreement with the results of artificial traffic tests

for anv crosspoint-saving wide structure (ef. Section
II-1).

D. Loss Caleulation by Method CLIGS-B

The version CLIGS-B uses the same expectation value
Lew . as given in (17), but it regards the statistical traffic
variations on the inlets of the considered first-stage multi-
ple and therewith partially the statistical variations of the
FF size.

For the probability “z inlets of a first-stage multiple
are busy” the Erlang distribution is assumed [2], [4]

Ao /2 [fAy
w(z) = f/z(Jﬂ,xzahnm (22)
L1 J=0 J ‘
with
Ay = —H (23)

L — By i(Aa)

A4
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=X Ay 225 0.12/0,251 ¢ 0,0020,219 {0,206}
(CN=H)Iny £50 o148, 62 |0: 12 00004 00003 1Q0002 100002
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Tig. 28. Comparison of simulation and calculation in case of un-
equal group sizes and/or nonuniform offered traffic per group.

and prescribed traffic y: per first-stage multiple. ~
Then one can derive [analogously to (12), (13), and

(18)]

FF(z) = (k1 — 2) sﬁ (ki —y)  (24)
p |
limited by
(kl;x)'lilz(ka'“yj) < gy,  T=2008=1
bepo(2) = FF(2) ks | (25)

]Ceff,,-(.”l}> = [FF(I) -+ BF'(Y,/TLT) 'f]"]\'Sr» <26)

For each value of z(z = 0,1,-+,5a — 1) by means of
kest.r (z) a probability of loss is calculated analogously
to (19) _ :

: El,n,—(A()r) :

B nemrott,rm (Aor)

Finally, the probabﬂi’py of loss for the considered group
number 7 is evaluated with (22) and (27)

(27)

Bi(z) =

(28)

E. Comparison Between Loss Formulas and Artifictal
Traffic Tests

1) Ezamples Taken from Sections IV and V: Tests
and caleulation for various link systems are compared
in Fig. 11, 13, 15-17, 25, and 26 in Sections IV and V. It
is obvious that the loss formulas hold very well for all
wide crosspoint-saving link systems. ‘

Narrow, L.e., crosspoint-wasting link systems with S > 3
stages, mostly have higher losses than calculated, in par-
ticular for losses B, & 5 percent (cf. Figs. 15 and 16).

The method CLIGS-B yields for narrow systems still
more realistic values of loss because it takes into account
the probability w(z) on the first-stage inlets. This prop-
erty can in particular be seen in Fig. 23 regarding the
systems L31 and L32. The method CLIGS-A yields,
however, fairly good results for the wide system L31,
whereas the loss of the narrow structure 132 is under-

estimated. Tor S > 4 the loss of narrow systems is also
undercstimated by CLIGS-B, because the statistical
traffic variations are approximately regarded between-
stage 1 and 2 only. ¢

2) Ixamples with Unequal Group Stzes and/or Non-
uniform Offered Traffics per Group: For reasons of sim-
plicity, the link systems discussed in the previous sections
were designed with equal group sizes and uniform offered
traffics per group. This is, however, on no account a condi-
tion for the accuracy of calculation methods CLIGS-4
and CLIGS-B. .

Iig. 28 shows further comparisons between simulation
and caleulation (selection out of a large number of con-
cerned investigations).

a) Ezample 1: Ten equal-sized groups with 10 trunks
each and with nonuniform offered traffic per group.

b) Erample 2: Tive equal-sized groups with 50
trunks each and with nonuniform offered traffic per
group. :

¢) Erample 3: Five unequal groups with 25-100
trunks and with nonuniform offered traffic per group.

Good agreement between simulation and calculati%p

%

is apparent.
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