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PPL — A Reliable Method for the Calculation bf
Point-To-Point Loss in Link Systems

Alfred Lotze, Alexander Réder and Gebhard Thierer
University of Stuttgart, Stuttgart, Federal Republic of Germany

ABSTRACT

This paper belongs to a 3-paper-study presented
at the 8th ITC; the other two papers deal with
one sided link systems / 1 /, as well as with the
comparison between the point-to-point selection
mode versus the point-to-group selection mode/2 /.

This paper here, being the basis for the other -
two papers, presents the new PPL-method for the
calculation of the point-to-point loss in two-
sided link systems. It uses quite a new way of
solution basing on the derivation of an effective
accessibility from a starting to a destination
multiple. The calculated results for many various
structures of link systems with S=3,4,5, and 6
stages are in good agreement with results obtained
by simulation. Regardless of the easy programm-
ability, a selection of design diagrams is in-
cluded. They allow the direct design of a cross-
point-saving link system with prescribed number
of lines, carried traffic, and PP-loss by reading
off one set of parameters from the diagram.

1. INTRODUCTION

During the last decade, a large number of interest-
ing and valuable studies of the approximate calcu-
lation of the point-to-point loss (PPL) in link
systems have been published. Most of the known
approximate methods base on the fundamental graph
method according to C.Y. Lee /36/, Further two
studies became known basing on the idea of an
average accessibility /20, 35/. Both yield a tool
not yet sufficient. Therefore, as a rule, it was
still impossible to obtain satisfactory results
for the multistage link system structures without
extensive simulation runs.

The authors appologize for not being able to quote
the innumerable interesting publications on this
topic. The list of references can therefore give
only a selection of typical works.

In this paper another way of solution is developed.’
The PPL-method uses a similar idea as the method
CLIGS (Calculaticn of Link Systems with Group Se-
lection) published at the 7th ITC, Stockholm,

1973 /7,8/.

This new PPL-method yields a handy tool for field
engineers to calculate the PP-loss with fairly

good accuracy (see Chapter LD

The following Chapter 5 outlines how to design
PP~1link systems simply and economically basing on
the pPL-method. The analytical derivation of PPL
is given in Chapter 6. ‘

2., DEFINITIONS
2.1 Selection Modes

If an incoming call is to be switched through a
1ink system to a trunk of a certaim outgoing group,
two strategies have to be distinguished regarding
the selection procedure from the calling inlet

to an idle outlet.

- Point-to-Group Selection (PGS-Mode)
Fach call offered to an idle inlet in the first
stage can hunt all accessible idle trunks of the
desired group behind the last stage. 5

- Point-to-Point Selectiom (PPS-Mode)
a call is offere o an e inlet in the
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first stage, an idle outlet of the desired out-
going group is determined. As a second step,

the marker has to find a chain of idle links
leading from the calling inlet to the a priori
determined outlet of the desired trunk group.

For economic reasoms, many existing PP systems
allow also second or more attempts, respectively,
for a certain percentage of calls.

The calculation method PPL considers the first
attempt loss only.

2.2 Types of Traffic
‘PCT1- (Pure Chance Traffic of Type 1)

An infinite number of sources produces the

‘offered traffic with the mean value A. The total

call rate is constant and independent of the
number of busy sources.

PCT2 (Pure Chance Traffic of Type 2)

A finite number of sources per multiple (being
e.g. equal to the number of inlets per multiple)
produces the offered traffic. Each idle source
‘has the same constant call rate « . The idle
‘times per source are negative exponentially
distributed.

In both cases (PCT1, PCT2), the distribution of
holding times is assumed to be negative exponen-
tial with the mean value of hp.

2.3 Point-to~Point Loss

In publications, different definitions for the
point-to-point loss can be found. Throughout this
.paper, point-to-point loss is defined as follows:~
‘Upon arrival at an idle inlet, a call suffers a
point-to-point loss, if no chain of idle links
through the link system can be found, provided
at least one outlet to the desired outgoing group
is still idle. Only those calls contribute to the
‘arrival rate that find one inlet -idle as well as
‘at least one outlet of the desired outgoing trunk
igroup idle. According to this definition, the
ipoint-toepoint loss is defined as

BPP=1ost calls/offered calls.

3. SURVEY OF THE CONSIDERED STRUCTURES
In this chapter, a survey is given on the link

‘system structures being inveatigated in the

following sections.

For the time being the PPL-method is still re-
stricted to symmetrical structures having the
same average traffic load per multiple of the
first and the last stage, respectively. Ex-

‘pansion between the inlets and outlets in the

first stage multiples and analogously concen-~
tration between inlets and outlets of the last
stage multiples are admissible.

‘The following notations are applied:

S number of stages
ij inlets per multiple in stage J
kj outlets per multiple in stage J -
glJ' number of multiples belonging to
1ink block . =1..8
By 3 number of @ulciples belonging to ﬂj
group of link blocks
1 average number of links from each multiple
3,341 in stage j to each multiple within the link

block or to each link block or"to each group
. of 1link blocks in stage j+i, (j=1..5-1).
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5.1 Structures with Three Stages

Pigure 1 shows the notations applied to the con-
sidered 3-stage link systems. In all studied 3-
stage link systems there exists one link between
sach multiple of the following stages.

detailed notation: short notation:
stage 1 2 3 ‘

Llaz L
( Gl

9, 9, 9

Fig.1: Notations for 3-stage link systems
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3,2 Structures with Four Stages

Figure 2 shows the notations applied to 4 stage
1link systems with single linkage (SL-systems).
Single 1linkage impl'ies‘lj j+1=1 (j=1,2,3).

R ]

All lL-stage link systems are wired with 1link
blocks between stage 1-2 and 3-4.

detailed notation:

stage 1 42 2 . 3 la A
118k {2k2 (ks {0k 1
L igsky i kqeiy
N;, 9 2y 9 O |MNouw=
i i Nin

& 9 G du
& % 9 S
short notation :

iy ".‘: i, 1‘2;2'3}3 Ik.sla’fia k.
9 e 9u Iu
% % % 9%

Fig.2: Notations for 4-stage link systems

Besiues SL-systems, also systems with 1, .+1=2,3,
etc. have been studied. Jsd

Two types of multilinkage systems (ML) can be
distinguished (cf. Fig.3).

stoge 2 12'3 =2 3 stoge 2 '.23: 2 3
= A

—- P

A= -
A= A

N N
Parallel to and from Meshed to and from
other link blocks other link blocks

PARALLEL - TYPE MESHED-TYPE

Fig.3: Wiring in d-stage link systems with lj j+1>1
’

3,3 Structures with Five Stages

Figure U shows the notation applied to 5-stage
1ink systems. Only SL-systems (1, .*1=1) with
Bink blocks are considered. Jad

847-2
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Fig.4: Notations for 5-stage link systems

‘3,4 Structures with Six Stages

Pigure 5 shows th
1ink systems with single linkage (1

These systems consist of link blocks
of multiples in a block in stage j) and

J

,\2'*‘1

Is

e notation applied to six stage
=1).
ggj:ﬂumber
of

groups of link blocks (gbj=number of multiples
in a group of 1link blocks"in stage i)

detailed notation:

stage 1 ly2 2 123 3 l34 4 IL_55 ‘s.e? N

Cf i
ks “‘6 S

Gg Lofks 3 gk, sfks tefke
ig4ky —f i ‘
9 i 92 95 : Gus
Nt 9u 9w 95 9is
=== E——1 _— — —3 ——1
Gp1 ; Jo2.; Ib3 Ope : 9bs ¢ 9b6
V : l :
. . 153 96
~ [y et e e
9 Qw2 915 Y
Oy 92 9b3 9y, b5 9bs
'E == == == = ==
9, 9, 93 9, 95 96
short notation:
Dol clogt hye chst ol
ik, ip]ks ks i)k, ‘s'ks ‘elke
94 9 9is Y
fo—— —— —_— === — —
Obt b2 963 Tbs  Ibs  Ios
== == = = = ——
9, 9 93 9 95 s
Fig.5: Notations for 6-stage link systems
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As to the wiring, one link from stage 1 to stage 2
must have access - via the connection graph - to
as many multiples as possible in stage 5 which
belong to the link block of the destination
multiple in stage 6.

3.5 System-to-Outgoing-Group Wiring

The outlets behind the last stage of a link system
can be wired to the outgoing trunk groups in two
different manners (cf. Fig.6):

a) SDM wiring (Space Division Multiplex) .

T™n a SDM system, the trunks of a certain outgoing
group are usually wired to the multiples of the
last stage such that as many multiples as possible
have access to a certain group.

b) TDM wiring (Time Division Multiplex)

One multiple of the last stage represents one
trunk group, as it is the case in PCM systems,
namely one multiple of the last stage corres-

ponds to one PCM-highway.

stage S

R

-TDM - wiring

SDM - wiring

Fig.6: System-to-outgoing-group wiring

4, COMPARISON OF SIMULATION AND PPL-CALCULATION
4,1 Remarks on Simulation

Monte Carlo simulation was applied with a total
of more than 500 million test calls. About 150
point-to-point selection systems of different
structure types have been investigated. The
simulations were carried out with sequential
hunting from a home position in all stages
(hunting mode H). Additionally, simulation runs
were performed with sequential hunting from a
randomly chosen starting point in the first stage
only (hunting mode R). The outlets of the mul-
tiples in the last stage were wired in the SDM
mode or TDM mode (cf. Chapter 3.5) with various
trunk group sizes. :

However, the influence of the trunk group size

“on the point-to-point loss (in contrast to the

point-to-group loss) is negligibly small. On the
other hand, there exists a difference in loss
between SDM and TDM wiring. Therefore, the PPL-
method disregards the trunk group size, but it
takes into account the two different wiring modes.

All the following diagrams in this chapter show
the point-to-point loss (B__) drawn vs. the
average carried traffic pe?pinlet Y/N. The
authors decided to do so since plotting the

loss vs. the average traffic offered would yield
different curves depending on the individual
traffic offered to the different trunk groups
and on the offered traffic per inlet.

The bold line denotes calculation results ob-
tained by the PPL-method. Also, simulation
results with 95% confidence intervals are given.
For one loss value at least 100,000 test calls
have been performed.

cs

- 20 T

4,2 Structures with Three Stages

Figure 7 shows 3 structures with offered

PCT 1. The wiring mode is of type SDM with groups
of 10 trunks each. Here, the calculation tends to
coincide with the tests performed with hunting
mode R. As it can be seen, the losses in case of

‘hunting mode H are remarkably smaller. This is

due to the fact that sequential hunting from home
position concentrates the traffic preferably in
the first hunted links. Thus, traffic peaks have
a better chance to come through via the less used
hunting positions, This fictitious pushing up of
the occupied links will be subsequently referred
to as "push-up effect".
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Fig.?: 3-stage link systems (SL) L301,L302,L303,
offered PCT!, groups of 10 trunks each (SDM)
Simulation: § hunting mode H

I hunting mode R

PPL calculation:

4,3 Structures with Four Stages
4,%.1 Structures with Single Linkage (SL)

Figures 8 and 9 show the same two structures
with offered PCT1 and PCT2, respectively.

The wiring mode is of type SDM with groups of 50
trunks each. Additionally, further simulation

_runs were made with varied group sizes of out-

going trunk groups.

The calculation curves lie in between the test
results performed with hunting modes R and H.
Here, the push-up effect is visible, too. How~
ever, the calculation considers only the mean
value of the earried traffic between stage 2 and
3 which is an optimistic assumption with regard
to the loss. Comparing the losses of PCT 1,

and of PCT2 one can see that offered PCT2 causes
smaller losses. The calculation takes this into
account.
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Fig.&: 4-stage link systems (SL) L401, L402,
offered PCT1, groups of 50 trunks each (SDM)
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¥ hunting mode R

© PPL calculation:
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Fig.9: 4-stage link systems (SL) L401, 1402,
offered PCT2, groups of 50 trunks each (SDM)

0.02

Simulation: § hunting mode H
% hunting mode R

PPL calculation: s

Fig.10 shows 3 structures with offered

PCT1, hunting mode H, and SDM wiring with groups
of 100 trunks each. Here, the number of links
between the stages remains constant, but the
number of inlets (and outlets, resp.) varies
from 500 up to 1,000, Note the good accordance
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between simulation and calculation. For reasons
of clarity, simulations performed in hunting
mode R have been omitted.
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Fig.10: 4-stage link systems (SL) L403,L404,L405,
offered PCT1, groups of 100 trunks each (SDM)
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Simulation: § hunting mode H
PPL calculation:

Fig. 11 shows 3 structures with offered PCT1 and

hunting mode H. Here, TDM wiring was applied. o
All structures have the same switch size in the w:}
first and last stage, however, the number of

1ink blocks increases from 2 up to 5. Also in

this case, simulation and calculation results

are very close.
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Fig.11: d4-stage link systems {SL) L406,L407,L408,
offered PCT1, groups of 30 trunks each (TDM)

Simulation: § @ Q% hunting mode H
PPL calculation:
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"4,%,2 Multilinkage Systems (ML)

From Figures 12a and 12b, one can see the in-
fluence of parallel and meshed wiring (ecf. Chap-
ter 3.2) from stage 2 to stage 3 for the same
structure. PCT1 was offered, and the wiring was
SDM. The bold lines show the individually cal-
culated curves of the loss. Simulation results
are given for both hunting modes. As expected,
meshed wiring yields lower losses.

Additionally, in both figures, a calculated loss
curve of a single linkage structure is drawn
(dashed line). This single linkage structure

has about the same size (N.n=N =252) and about
the same number of crosspoints per line (CPL =

48,29 vs. 48 in the multilinkage system). The
improvement of the grade of service is striking.
T 5
; 7. |
PP % | | B
T L 409 0 PP__L 409
—— 2 [zt =2 24
580167016 85 /o j8 10101010 8IS | A

N
)l
5le|
5]
clis
o |x

08 80

5040 40 50f y y
/ /7 /
/ l/ 05 I/
/ / 7
% L/ i /
/'i /, _ 02 /
B 7 . l 7
4 4
/ /
/ / / /
/ A U 17|75 410 —]
-1- A= -4~ ; 1= -4- -t-
|73 6I6 I8 137 / || 7113 Bl6 616 1317
A5 1313 6 ro0s —A e B LS
/1% 778 36 JEBER S
%/ Y/N %/ Y/N
4 —— 3 £

Fig.12a: Parallel wiring Fig.12b: Meshed wiring

4-stage link system (ML) L409 with parallel (l12a)

and meshed (12b) wiring, offered PCT1, SDM wiring
Simulation: ® hunting mode H

£ hunting mode R

PPL calculation: original system (ML) L409

----- crosspoint equivalent (SL) L410

Figures 13a and 13b show a further type of multi-
linkage structure. It has double linkage between
all stages being either parallel or meshed (cf.
Chapter 3.2, Fig.3). PCT1 was offered, and the
wiring of the outlets to the outgoing trunk

group was performed in the SDM mode, too. The
bold line represents the PPL calculation. Once
again, the dashed line gives the much smaller
loss of a corresponding single-linkage system.

A multilinkage structure with 2-4-2 links from
multiple to multiple in Fig. 14 a,b has the same
principal traffic behavior. This structure is
comparatively expensive and crosspoint waisting.
The corresponding single linkage system yields
losses <0.02% up to 0.95 erl/inlet.

Pigures 12 through 14 emphasize the fact that
has been proved by many other simulations and
whiech also can be observed by the PPL calcu-
lation:

Using the same number of crosspoints per line,
well designed single linkage structures are
superior to multilinkage systems, in any case.
Hence, in the following sections dealing with
5-gtage and 6-stage structures, multilinkage
is disregarded.
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Fig.13a: Parallel wiring Fig.13b: Meshed wiring

4-stage link system (ML) L411 with parallel (13a)
and meshed (13b) wiring, offered PCT1, SDM wiring

Simulation: § hunting mode H

¥ hunting mode R

PPL calculation: original system (ML) 411

------ crosspoint equivalent (SL) L412
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Fig.lt!a:?arallel wiring Fig.14b: Meshed wiring

4-stage link system (ML) L413 with parallel (14a)

and meshed (14b) wiring, offered PCT!, SDM wiring
Simulation: ® hunting mode H

¥ hunting mode R

PPL calculation:

4.4 Structures with Five Stages

oappm

Figure 15 shows two 5-stage 8L-structures.
PCT1 was offered and SDM wiring applied.
PPL and simulation are in good agreement.
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5-stage link systems (SL) Ls01,L502

offered PCT!, groups of 50 trunks each (SDM)

Simulation:
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PPL calculation: ————————"

4.5 Structures with Six Stages

Pigure 16 show
PCT1 was offered, 2
SDM. Simulation results are g
hunting modes. As one can see, ¢

between calculation an

s three 6-stage SL-structures.
nd the wiring mode was
iven for both
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d simulation is very good.
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Fig.16:

Simulation:

6-stage link systems (SL) L601,L602,L603
offered PCT!, groups of 64 trunks each (SDM)

3 hunting mode H

% hunting mode R

PPL calculation:
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5, PRACTICAL APPLICATION

(Nik-Charts for quick manual design of
SL-1ink systems with 4 and 6 stages)

Although the PPL-method is relatively easy to
program on a computer, in the following a quick
and handy method is outlined how to design SL-~
systems with 4 or 6 stages, respectively. This
can be done by using the Nik-Charts (Fig.17-25).

The design is performed in 4 steps as follows:

Step 1 The number of stages is chosen (cf. remarks
on the number of stages at the end of Ex.2).

Step 2 One calculates the number of inlets (i) in
the first stage. A most crosspoint saving
SL-structure can be achieved only if

all have the same

i 5003 43K, sKase0K
v&lug. Thﬁsiong’géts tBe well known equatiom

S/2+
11=J;-——3[§’; (eventually to be rounded)

where [5/2+1] denotes the integer part of
S/2+1. } )

Step 3 Using the Nik-Chart witn iy as chart para-

" meter and the given total number of Njp=

Nou =N, furthermore the prescribed carried
tragfic per inlet as well as the planned
point-to-point loss,
number of outlets ki
tiple.

Step 4 These 3 parameters N, i, and k, allow the
design of a SL-link sys%em. The following
examples illustrate this way.

5.1 Design of Group Selection Units (GSU)

:Example 1
Be given N=4096 inlets

witn Fixed Size

and outlets, respectively.
For a traffic carried of 2867.2 Erlang, i.e. 0.70
Erl.per inlet; a loss of BPP=5$ is preseribed.

Step 1
Step 2

Be chosen the number of stages S=4

B+l . 3 -
i, = &2 00s S ogg = 16

With N=4096 and i,=16 use Nik-Chart for
PCT1 with parameter i =16 (Fig.21). For
0.70 Erl.per inlet and Bp =5% one reads
off an expansion kq/i ~1.§5 from the bold
line curve drawn for 096 1lines. Hence,
one gets k1=1.35 . 16=21.6, be chosen kf22.

With these 3 parameters, N,i,, and k,,
the following lU-stage SL—lin& system
is obtained: :

Step 3

Step 4

\ . 16122 616 616 228 | N, -
n 116 22 22 6 [N, =40%
L096 |5z 352 /2 26 )
The total number of crosspoints required amounts
to 360,448 which is 88 crosspoints per line

(trunk) (cPL=88) and 88/0.7=4125.71 crosspoints
per Erl (CPE=125.71).

Example 2
Fe ggven again N=4096, BPP=SS and Y/N=0,70 Erl.
(ef. Example 1).

Step 1 This time be chosen the number of stages

s=6.
Step 2 1, =E§"L2_*_%=_," fioge = 8

Step 3 With N=4096 and il=8 use Nik=-Chart with
parameter i =8 (Fig.24). For Y/N=0.70 Erl.
per inlet and Bp =5% one reads off an ex-
pansion k4/i aw§.31 from the bold line

. curve drawn }or 4096 lines. Hence, one
a gets k1=1.31'8=10.48, be chosen k,=10.

Step 4 With these parameters, N, iy, and k,, the
following 6-stage link system is ob%ained:

iTC8

one obtains the required
in the first stage mul-
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The total number of crosspoints required amounts
to 245,760 which is 60 crosspoints per line
(CPLz60) and 85.7 crosspoints per Erlang (CPE=85.T).

Comment on Example 1 and Example 2

For an equal number of lines (N) and an equal
amount of traffic carried (Y/N), two systems

were designed for S=4 and S=6 stages, resp. The
system with 6 stages requires remarkably less
crosspoints, namely about one third less than

the one with U stages. However, the 6-stage system
is more sensitive to overload. This can approxi-
mately be read off from Fig.24. With the planning
value of k4=1.31 the loss increases from 5% to
10% as the load carried increases from 0.70 to
0.735 Erl. per inlet. This corresponds to an over-
load of 5% only.

Similarly, for the solution with 4 stages, one
obtains PP-loss of 10% as the traffic carried

per line is increased to 0.76 Erl.per inlet (cf.
Fig.21). This, however, corresponds to an over-
10ad of about 8.6%. The decision, whether S=4 or
S=6 should be realized, therefore depends, in
practice, on the crosspoint requirements mentioned
above, and on the overload sensitivity demanded.
Furthermore, the software and/or hardware costs
of the common control as well as available switch
sizes and wishes regarding the modular expansion
of the system will have an influence on the
decision.

5.2 Design of Group Selection Units (GSU)
Providing ruture Extensions

" Example 1 and Example 2 described a go-called

master size where exactly holds N=ziy? or N=iy ',
respectively. Also, master size systems guarantee
the minimum number of crosspoints per line for a
giventraffic carried and for a prescribed loss
Bpp. In practice, also GSU’s have to be designed
which grow stepwise from an initial size to a
final extension.

There are 2 different strategies that can be
applied for this purpose.

5.2.1 SYG - the Concept of Symmetrical Growth’

The concept of symmetrical growth will be out-
lined in Example 3.

Example 3

Smallest size N= 300
Main size Na 500
Largest size N~2000

Furthermore, a loss Bpp=1% and a traffic carried
per inlet Y/N=0.8 are prescribed.

Step 1 Be chosen S=U stages

Step 2 Starting with the economically most in~
tereiﬁingjnain size N~500, one obtains

_[5/2+1 _ 3 -

1y = 22N = 500 < 794

hence, i1=8 is chosen.

Step 3 With N~500 and i,=8 use Nik chart with
parameter i, =8 (%ig.iS). For Y/N=0.8 Erl.
per inlet and Bpp=1% one reads off an ex-
pansion k4/i ME.S} from the bold line
curve drawn for 512 lines. Therefrom,
k.z1.83 . 8 = 14,64, Regarding the maximum
slze of N®2000, one gets k4/i4~1.87 which
means ky=14.96, so kq=15 will be chosen.
This guarantees a loss BppS1% also for the
largest size. The loss wgll be somewhat
lovwer than 1% for the smallest size
(ef. analytical derivation Chapter 6).
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Step 4 With these parameters, N, i,, and k4, the
structure of the main size 1s as follows:

in
512 8 15 15 8

e mmmm

LD N, =512
64 120 120 64

The total number of crosspoints required amounts
to 30.720, which is 60 crosspoints per line (CPL=
60) and 75 crosspoints per Erl. (CPE=75).

(N =~300)
L-link system the following equation

Smallest size:
n a L-stage
holds: _: .:i .

N-:.1 i, 13

with izzi3 for symmetrical reasons, one obtains

i, ZYN/i,, hence, i, =\[300/8" = 6.12

whieh is rounded off to i2=6. Hence, the minimum
size becomes N=288. .

w:
=288

"l 5 5 6
36 90 %0 36| "

The total number of crosspoints is 15,120
which is 52.5 crosspoints per line (CPL=52.5)
and 65.625 crosspoints per Erl. (CPE=65.625).
Analogously, we get for the largest size N=2000

i =\N7i,, hence, i, £Y2000/8 = 15.81

which is rounded up to i,=16.
Thus, the maximum size beécomes N=2048.

[ TR T T .
N, <| 8115 6116 6116 518 | Now=
ooug] B L2 5 6N, =

256 240 240 256)2048

The total number of crosspoints required
amounts to 184,320 which is 90 crosspoints per
line (CPL=90) and 112.5 crosspoints per Erlang
(CPE=112.5).

Comment on Example 3

This method ol designing (SYG) allows the use of
a fixed switch size only in the first and in the
last stage. The switches in stage 2 and 3 have
to be enlarged from 6[6 to 16|16. Alsc the link
blocks have to be enlarged. Analogously, one
proceeds with SYG for a 6-stage system. However,
here a fixed multiple size for stage 1 and 2 as
well as for stage 5 and 6 should be provided to
reduce the changes in case of extensions.

Extending link systems in the above described
manner, saves crosspoints in the initial sizes
(CPL=52.5 vs. CPL=G0 for the final size in
Example 3). But whenever the 1ink system has
to be altered in size, one has to replace the
middle stage switches and to form new link
blocks, too. This, however, can outweigh the
{nitial crosspoint savings. Therefore, another
strategy is outlined below.

5.2,2 CBS - the Concept of Constant Block Size

The concept of constant block size leaves the
switch sizes and link block sizes unchanged.

It requires a constant number of ecrosspoints .
per line from the smallest up to the largest

. planned extension size of the 1link system.

This means, that one tolerates a certain pre-
investment of crosspoints. The structure of the
1ink blocks is determined by the planned maxi-
mum size. Basing on Example 2 for a group
selection unit with 6 stages, the following
example outlines the design according to CBS.
Once again, Nik-Charts are used for the design.
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ixample 4
Je chosen the number of stages S=6.

Smallest size (initial size) Nin=Nout=512

in=Nout=u096
dimensioning starts with the final size:

Jith Nmax=M096 given, one gets i1= EVUOQS:S.

for a prescribed loss Bpp=5% at an average
traffic carried per inlet ¥/N=0.7, for the middle
stages one obtains i=k=8 (see Nik-Chart Fig.24).
Phus, one gets the following structure:

Largest size (final size) N

NosP28 10 _ 10 B IN =

T 1

_ oo T ) n
40%| 64 80 80 80 BO 64| ,ngq

512 640 640 640640 512

'his above structure is of type SL, i.e. single
linkage. Stages 1,2, and 3 form 8 groups of
{ink blocks with 512 lines each. The same holds
;rue for stages 4,5, and 6.

low, intermediate sizes are considered.

Je N=512 the smallest size. The one left hand
stide group of 8 link blocks has To be wired to
;he. ne right-hand side group of 8 link blocks.

s fe o _ 1 s
' 6L 80 80 80 80 64 |512

fhe 80°:8=640 links from stage 3 to U4 can be
vired either .in the parallel or in the meshed
node {cf. Fig.3). In both cases, the loss will
e significantly below the R planned for the
naximum size. It could also gg calculated by the
°PL-method described in Chapter 6.

lext, N=1024 is considered. Here in this case,
»ne has two groups of link blocks in each half
3f the link system.

TR T T b
8/10 8/8 8/3 8|8 8I8 1018

i s s, o o So——r—

Nout=

in 5|
10241757 80 80 80 80 64 |,
128 160 160160 160 128

nalogously, one gets an extension size of 2048,
f using 4 groups of link blocks on the left-
iand side and also U4 groups of link blocks on
‘he right-hand side. Again, the loss Bpp will

e significantly lower than in the planned
laximum size for Nmax=h096 lines.

8 to the other intermediate sizes, i.e. for
=N =1536,2560,3072 and 3584, the outlets
w}“thguﬁultiples in stage 3 cannot be parti-
ioned evenly among the groups of link blocks.
n other words, 1z j is not an integer number.
8 a rule, the wiring can be performed in such
, manner, that the number of links leading
nto a certain group of link blocks does not
iffer significantly.

. further extension beyond the planned final
ize (4096 trunks) is also possible. In that
\ase, the sizes of the switches in the middle
tages should be increased, as it was suggested
n example 3 (concept of symmetrical growth).
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5.3 Nik-Charts for 4-Stage Systems

Fig. 17 through 22 are Nik-Charts for 4-stage
link systems. Whereas Fig. 17,18,20,21, and 22
were calculated for offered PCT1, Fig.19 was
calculated for PCT2.

20 N:I 2000 125 80 2000 125
80
S A,
WHSR % 1\ WIS
LSS A\@ /§\m
L el
>

10 % .
13 > s = L
i=5
1.2 PCT 1
1 - —
carried traffic per inlet
10 YIN_ :

05 s 07 08 .08

Fig.17: Nik-Chart for S=4 stages, with i =5 inlets
per first stage multiple and wit}z offered PCT1
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200
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S

&,

/

|

carried traffic per  inlet
Y[N —

10- "
0s . 08 . 07 08 09

Fig.18: vNik—Chart for S=4 stages, with i =8 inlets
per first stage multiple and wit}li offered PCT1
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N= 3200 512 200 -

—3200

1% 512

Wi

TEXPANSION
kq/ iy

200

3200

512

3200
200

512

A=

carried traffic per inlet
Y/N —

T

08

10

W Y
s s yz y i ;@))2
VAW
Pl | ||
ugémw I;;1(;82
1.19;(@&/ , l

05 o7 09

Fig.19: Nik-Chart for S=4 stages, with i =8 inlets
per first stage multiple and wit)’: offered PCT2
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Fig.20: Nik-Chart for S=4 stages, with i =10 inlets
per first stage multiple and wit}!x offered PCT!
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Fig.21: Nik-Chart for S=4 stages, with i =16 inlets
per first stage multiple and w.it.lz offered PCT1
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. Fig.22: Nik-Chart for S=4 stages, with i =20 inlets
per first stage multiple and wit}: offered PCT1
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5.4 Nik-Charts for 6-Stage Systems

Fig. 23, 24 and 25 are Nik-Charts for 6-stage
link systems, where PCT1 was applied in the

caleulation.

Ne

j: Exri?/hiism /?g
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135 /

W 7

1 TR .
carried traffic per inlet

10 Y‘/ N . '

“os 05 07 08 " 09

Fig.23: Nik-Chart for S=6 stages, with i =5 inlets
per first stage multiple and wité offered PCTI
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Fig.24: Nik~Chart for S=6 stages, with

=8 inlets

i
per first stage multiple and wité offered PCT1
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FPig.25: Nik-Chart for S=6 stages, with i =10 inlets
per first stage multiple and witﬁ offered PCT1

6. ANALYTICAL DERIVATION OF THE PPL-FORMULA
6.1 Basic Idea

If point-to-point selection in a link system

with S stages is applied, the i_ links from the
last but one stage to the destination multiple
may be considered as a "trunk group" (cf. Fig.26).

stage S-1 S

"trunk group”

Fig.26: The "trunk group” from stage (S-1) to the
destination multiple in stage S

Therefore, it is sufficient for the calling
inlet to have access to one idle 1link out of i
"trunks" leading to the destination multiple.
First, the effective accessibility (kerr) to
such a "trunk group” has to be.calculated as

a function of the link system structure and of
the traffic carried. Chapters 6.3 and 6.4 deal
with the calculation of this accessibility for
single linkage (SL) and multilinkage (ML) systems.
By means of the accessibility, one can determine
the blocking probability ¢lxg,k ff(xl)) of the
hunted destination group ¢consisting of ig
"trunks"), if x, outlets of the starting mul-

tiple and xg iniets of the destination multiple

are occupied.

. (;: (x ))
clxgskepp(xy)) =(§§££;_1;)
eff'¥y

The probability that x4 out of i, inlets in a
first stage multiple are occupied is denoted

P(x1)~

(1)
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In the case of offered PCT1, this probability
p(xl) is calculated as follows:

The carried traffic yy per multiple in the first
stage is prescribed. Hence,

on1
Xll 2
P(X1) = —T——Z—F . (2)
(o}
j=0 7T
where
Yy
AO: - 1 (3)
1,11 o

to be determined by iteration.

This assumption of the Erlang formula has been
proved as a suitably good approximation.

Furthermore, be p(xg) the probability that xg
out of kg outlets of the destination multiple
in the last stage are occupied. Here, one has
to distinguish the 2 wiring modes behind the
last stage of the link system (cf. Chapter
3.5), In case of SDM (space division multiplex)
wiring, the probability that one certain outlet
out of kg outlets is occupied, is assumed to be
independent of the idle/busy state of the other
ones. Therefore, the use of a Bernoulli distri-

bution yielded good results in all cases.
k x k_-x
_¢ Sy, S, (4. s s
p(xs)-(xs) (yg/kg) ~-(1 ¥g/kg) (%)

where y. is the carried traffic of the con-
sidered destination multiple.

In case of TDM (time division multiplex) wiring,
the kg outlets form a outgoing trunk group.
Consequently, an Erlang distribution is applied.

p(xy) = | (5)

v o
Ao = T ALY ®
B 1,ks [] ) .
to be determined by iteration.
Therewith, one obtains

i,-1 k. -1
B a D(Xi) . p(xs)'ccxs’keff(xi)) 3
PP x1=0 1-p1115 xs=0 1°P(k5) .

The summation only includes values up to (i -1)
and (k.-1)since Bpp is defined as the loss
(cf. Cﬁapter 2.3) wgich is caused by internal
blocking during those time intervals, when at
least one idle inlet of a considered multiple
in stage 1, as well as one idle outlet to the
desired outgoing trunk group exists. The con-
dition "at least one idle outlet in the de-
sired outgoing trunk group" implies that alsc
a destination multiple exists where this above
mentioned idle trunk is connected to.

In the case of PCT2, the probability p(xi) is

calculated as follows:

As the number of traffic sources per multiple

is assumed to be equal to the number of inlets

11, one gets
i i -Xy

(x.)=C 9y 74,) S(amy, i) 1 €8
p x1)- 3‘1 * y1 1) * y1 1) )

The probability distribution p(xg) in the case
of SDM remains unchanged (see Eq. 4).

In case of TDM wiring, the number q=N;, of all :

traffic sources in the first stage, contri-
buting as a whole to the traffic carried of
pne certain outgoing PCM group (one destination

ITC8

‘whereas E1

multiple), is
adkg

Therefore, again p(xs) as in Eq.5 is applied.

Therewith, one obtains an analogous formula
for PCT2:

i -1 s k_-

1

i, =x plx_JYee(x_,k_oa(x,))

B, .= e T s s*ferrt 1

TP E%;g p(3(1)11"’1 ;g;g 1-plky) %)
8

The total loss of a certain considered outgoing
group Wwith n, trunks and the traffic carried yp
is composed of B and the probability that all
n., trunks of this group No. r are busy. This
pFobability can be fairly well approximated by
Erlang’s loss formula. Therewith, the total loss
becomes

Btot=E1,nr(Agr)f(i'E1,nr(Aon9)'BPP 10
where
yI‘
A T o (11)
a,r 1 El,nr Ao,r

to be determined by iteration.

It should be pointed out that Bpp depends only

on the total traffic carried of the link system,
o depends only on the traffic carried
of the conélgered outgoing trunk group.

6.2 Effective Accessibility

strictly spoken, the effective accessibility shoul
consider the momentary states of all sections of
the graph which connects starting and destination
multiple. But to achieve a tolerable amount of cor
putation work, the probabilities of state were on:
regarded between stage 1 and 2, and furthermore
between stage S-1 and stage S. For the interme-
diate stages, only the mean value of the traffics
carried (yj) in a multiple of stage j is regarded

The authors define the expression "accessibility”

as follows:

- all accessible idle trunks of the above
mentioned "trunk group" leading to the
destination multiple, and additionally

- all those occupied links connected to this
destination multiple which can be accessed
and therefore be re-occupied as soon as they
become idle.

This definition is obviously in full agreement

with the definition of accessibility regarding a

one-stage grading.

This effective accessibility is calculated in dif

ferent ways depending on the number of stages, an

whether single linkage or multilinkage is applied

6.3 Effective Accessibility kK re in Single
Linkage sSystems

The effective accessibility kq¢ is composed of
several terms, as pointed out agove. These
terms will be explained in full detail using a
4-gstage system as an example.

6.3.1 S=4 stages:

Term A=(k1—x1)#(1-y2/k2)-(1-y3/k3) (12)

Term A denotes the average number of idle inlets

to the destination multiple that can be accessed

from the starting multiple via one or more chains
of idle links.

Furthermore, equation (12) considers that x out
of kq outlets in the starting multiple are omen-
tarily occupied.

Term B=x,/g, _(13)
Term B represents that average fractional part of
the x, occupied outlets in the first stage mul-

tiple which are connected with The considered
destination multiple. As soon as they become idle
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they are ready for an immediate re-occupancy for
a call to the destination multiple.

Term C=(k,=x,)¥,/g, (14)

Term C represents analogously that fractional

part of the number of occupied outlets in the

second stage multiples, that are

a) accessible via idle outlets from the first
stage, and

b) connected via a chain of occupied links from
stage 2 to the destination multiple.

Term D:(kl-xi)~(1—y2/k2)-y3/gzu (15)

Term D represents that fractional part of the

number of occupied outlets in the third stage

multiples, that are

a) accessible via idle outlets from the first
stage and

b) connected with the destination multiple.

However, using term D in the above described
form causes an underestimation of loss in the
calculation for systems with i <ky, and here
preferably in the range where the carried
traffic per inletis small. The reason for this
underestimation arises from the fact that the
calculation of the accessibility considers
only the average values of the traffic carried
in.~%“e multiples, except for the starting mul-
ti, . These average values would cause too
optimistic values of K pp.

Hence, for more accurate results, the term D has
been split up in term Dy and DZ’ The term D, has
been multiplied with a heuristic factor yz/ 3
that reduces the effective accessibility ghe
more the traffic carried is smaller.

The terms D1 and D2 read as follows:
Term Dy=(i,-x,) (1-y,/k;) ¥/ (16)
Term D2=(k1-il)-(1-y2/k2)-y3/gm-y3/k3 (17)

As one can see, the term D, disappears for
k,=i,, and it holds D,=D in this case of a

1 ’1 " "
socalled "narrow" system.

F@nally, the sum of the terms A,B,C,D1 and D
-yields the effective accessibility for k-staée
systems.

It holds:

Ko pp(Xy)=A+B+C+D, +D (18)

172

This equation (18) is valid for SL-systems with
4 stages.

6.. . S=3 stages

The effective accessibility for systems with
3 stages is calculated similarly.

Term A=(k1—x1)'(1-y2/k2) | (19)
Term B=x1/g3 (20)
Term C=(k1-x1)-y2/g3 - (21)

Term D does not exist here.

It holds: keff(x1)=A+B+C (22)

The equation is valid for SL-systems with 3
stages.

6.3.3 S=5 stages
Analogously, one obtains for
Term A=(k1-x1)'(k2-y2)-(1-y3/k3)v(1-yu/ku) (23)
Here, it should be noted that the product
(k1-%x4)(ko-y,) (1-y3/k4) must not exceed the
value of gzg being thgt number of multiples

r

in stage 4°from which access to the desti-
nation multiple is possible (cf. Fig.l).

Term B=x,/gg (24)

§47-12

Term C=(k1—x1)-y2 /35 (25)

Term D=(k1~x1)-(k2-y2)'y3 /85 (26)

Term Ef (1;-x,)(ky=y5) e (1-y5/K3) ¥, /8¢
=P1‘°yn/8‘@5 4 (27)

Term Ez-(ki—ii)-(kz-ye)'(1-y3/k3)-yu/gz,5'yu/ku :}
=Py eyl ¥y Ky . (28)

Again the last term, E, has been split up for
reasons outlined above. Similarly to term A,
the sum of products P1 and P2 must not exceed
the value of Boy- Because of splitting,

it holds:

Py € (14/k;)gy, and Py £ (1-iy/k )egy,  (29)

For SL-systems with 3 or U stages, this limita=-
tion has no effect, and therefore it is omitted.

The sum B+C+D+E1+E2 must not exceed the average
traffic carried g

The reason is that the sum represents the
number of occupied links of the "trunk group"
leading to the destination multiple (cf.
Chapter 6.2, definition of accessibility).

It holds:
_ kg pp=A+B+C+DIE +E, (30)
. )
where B+C+D+E1+E2-y5 (31)
The equation is valid for SL-systems with
5 stages.
6.3.4 S=6 stages k (32)

Term A=(k1-x1)'(kz-yzxmr%IKB}(i-yu/ku)-(1-y5/ks)

Analogously to systems with 5 stages, here, the

product (ki-x )(kz-yg)(l-y /K )(1-yu/kn) must not

exceed the vaiue of 845 (c?. ;ig.s). ;:a
Term B=x,/gg (33)

Term C=(k,-X,)¥,/&¢ (34)

Term D=(ky=x,)*(k,~y,)"y5/8g (35)

Term E=(§1-x1)-(k2-y2)'(1-y3/k3)-yulgb6 (36)

Term Ef(;24;&;9i¥ 5¥%16(1 Y3/kg) (1=yy /%)= 37y

Term %f(k1‘i1)’(k2'y2)'(1‘V3’k3)’(1’yu’ku)'
yBAQE'yS/RS:PZ'yS/gUYyS/kS

Again, the last term, F, is split up.

In the same manner as above, the sum (P1+P2)

must not exceed the value of gﬂS'
Because of splitting it holds:

(38)

A ra .
Py = (i,/k,)'gy; and P, = (1-11/k1)g£5 (39)
Similarly, it holds (B+C+D+E+F1+F2)£y6 for
reasons mentioned above.

Kepp = A+B+C+D+E+F, +F, (40)

This equation is valid for SL-systems with
6 stages.

6.4 Effective Accessibility in Multilinkage
Systems

6.4.,1 Multilinkage between Stage 2 and 3
in 4-Stage Systems .

Two types of multilinkage are possible. :}
- Parallel linkage (cf. Fig.3)

The effective accessibility is calculated in
the: following manner:

JA
Term A= (k,-x,)+(1=(y,/k,) 2,3y, (1-y feg)  (41)
Term B=x1/gu - (42)
ATC8
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Term C=(k1-x1)y2/gu P (43)
. 2

Term qf(ll-xl)-(i-(yzle) ’3>y3/g£u (4y)

Term D5 (k,=i,)« (1=(y,/ky) 233 ~y/g),-y5/ks (45)

Comparing equations (41) through (45) to those
in Chapter 6.3%3.1 (12)-(17) one notices that the
second factor in the terms A, D1 and D has been
changed, regarding the blocking probability of
12 3 parallel links. Again, it holds:
3
- >

keff(xl)-A+3fC+D1+D2 where 12’3= 2 (46)
For 1 3=1, one gets the equations (12)=(17) in
Chapt&#76.3.1.

- Meshed linkage (cf. Fig.3)

Under the optimistic assumption that meshing
between stage 2 and 3 increases the accessibility
as much as possible, one obtains the following
terms A, Di’ and D,. Terms B and C remain un-
changed.

Term A=(k1-x1)'12’3'(1—y2/k2)'(1-y3/k3) (7))

The product (kl'xl)'l2 «(1-y5/kp) must be
limited to g,; which id“the maximum number
of multiples zn stage 3 having links to the
destination multiple.

Term D1=(i1-x1)-12’3-(1~y2/k2)-y34;lA=P1'y34€au (48)

Term Dp=(ky=iy) 1y 3= (1-yp/kp)¥3/ey¥3/ks  (ug)
= Pz-yB/g;m'yB/k3

Analogously to Chapters 6.3.3 and 6.3.4, the

products P1 and P2 are limited to

P, (iy/ky) 845 anq Pos (1-1,/k, ) gps (50)

The sum B+C+D1+02 must not exceed the average
traffic carriéd -yy. The reason is the same
one as outlined in Chapters 6.3.3 and 6.3.4.
Hence, )
kopp(xq)=A+B+C+D, +D, (51)
(52)

where B+b+Dl+DZ_§ Yy

" However, numerous simulation results have

proved that the calculation by means of
equations (47)-(52) yields too optimistic
losses., The reason lies in the fact that the
patterns of idle links between stages 2 and

3, may often give access to certain third
stage multiples twice or more, whereas other
multiples cannot be reached.Therefore, the
authors suggest the following approximation
which has been successful in all investigated:
systems that have meshed linkage between stage
2 and 3:

The loss B is calculated twice, i.e. separa-
tely with Ee ¢ according to equ. (41)-(46)for
parallel linﬁage as well as with kg pp according
to equ. (47)-(52). Then, the final gPP for
meshed systems is obtained by an interpolation
as follows:

BPP(meshed) = Bpp (with Kopp 8CC. eq.41-46)

o

> {53)
tx BPP (with kopp 2CCe eq.47-52)
An example is given in PFigure 12.

6.4.2 Multilinkage between All Stages in
4-Stage Systems

Parallel or meshed linkage from stage 1 to stage 2
as well as from stage 3 to stage 4 does not have
any significant effect on the loss. As to parallel
or meshed linkage between the middle stages, the
same considerations hold as outlined in 6.4.1.

It holds:

Term A=I%—;<k1-x1»(...)-13,4<1-y3/k3) (54)
]
Term B=x,/g, (55)
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Term C=T;£;(k1-x1)y2/gu (56)
»
Term Qestm{(i X )(eos)*Y2/& (57)
10 11 37504
, .
(58)

_ 3 R . .
Term Dé-rj_——z.(ki 11)(...) YB/SM y3/k3
3

Once again, in the case of single linkage, these

.equations simplify to the set of equations (12)

i

‘with the limitation V&l

!

i The factor é is defined as V=Tg&2

through (17). An example is given in Fig.13,

The factor 1/14 , in Equations 54,56,57,58 ex-
presses the abote mentioned fact that multi-
linkage between stage 1 and 2 does not contribute
to the effective accessibility kepf. This has

been confirmed by many simulations.

A special modiﬁ}cation of the term C is necessary
if 11’2, 13,M £ 12}3.>Here, it holds:

. 1 - .
Term C = I;—;(kl Xy Yoy, /gy V (59)

(60)

1
1,2
1,2°

This heuristic factor may be explainéd by the

fact that the number of relevant occupied
links which contribute to term C is greater.
An example is shown in Fig. 14,

6.4.3 Multilinkage in a 6~Stage System between
the Middle 2 Stages

Here, the calculation is performed analogously
to Chapter 6.4.,1, for parallel as well as for
meshed linkage. Therewith one can also calculate
the loss of intermediate extension sizes of
link systems if the CBS concept is applied (ecf.
Chapter 5.2.2).

7. OUTLOOK

Nik~-Charts for further sets of system parameters
inecluding also 3, 5, and 8 stages, are under work.
The extension of PPL to the case of repeated
attempts was also solved but is beyond the topie
of this paper. A publication will follow.

A further publication will deal with the PPL-
calculation of subscriber link systems with
concentration and expansion, respectively.
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