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ABSTRACT 

This paper suggests the use of traffic observat
ions for the analysis of recorded dialled num
bers (or codes), their holding times and the out
come of the attempts, as an additional tool in 
the supervision of traffic management efficiency. 

Today, commercial computers, with large scale 
memories, are able to process a great amount of 
traffic observation data, and sort out numbers, 
resulting in a comparatively great quantity of 
recurrent unsuccessful attempts. Such calls 
create undesirable and costly waste traffic in 
various sections of the network and may also 
cause, in extreme cases, lockouts of common 
control equipment. 

Analogous to KILLER TRUNKS in ICUp1 measure
ments, KILLER CODES (KC) have been defined for 
traffic observation analysis. KILLER NUMBERS 
(KN) and KILLER ROUTES (KR) have been assessed 
for their TRAFFIC DAMAGE INDEXES (TDI), and 
their economic impact has been discussed. 
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1. INTRODUCTION 

The economic utilization of plant in telecommuni
cation networks is a paramount factor in the capa
bility of handling traffic efficiency at a cost 
compatible with the provision of service to the 
customer on acceptable terms. 

Adequate traffic capacities in the switching and 
transmission entities are ensured by accurate 
traffic estimates, derived from the measurement of 
various parameters, at crossections of switched 
groups, during the mean busy hour, such as call 
counting, overflow metering and the most important 
characteristic: usage or traffic intensity. 

Additional statistics, trying to "see" more clearly 
into the complexity of the communication process, 
have been useful, such as observations and 
destination analysis 2, which are now largely auto
mated and computerized. These statistics create 
the tools for more efficient traffic supervision. 

2. TRAFFIC EFFICIENCY SUPERVISION 

In operating communication networks the traffic 
flow is measured and loss probabilities etc. are 
calculated, according to the well established 
traffic theory. If necessary, the network may be 
redimensioned and optimized for any given situation 
by accepted field engineering methods. 3 

To improve the traffic supervision, advanced, 
sophisticated measurements were introduced, such 
as INDIVIDUAL CIRCUIT USAGE & PEG-COUNT (ICUP). 
These measurements make it possible to analyse the 
mean holding times per seizure on each individual 
point, thereby localizing exceptional circuit per
formance: ALWAYS BUSY, ALWAYS IDLE, KILLER TRUNKS 
(exceptional short mean holding times) and SLOW 
RELEASE. 

The above methods provide essential traffic and 
maintenance management information, enabling to 
operate the network at its full engineered traffic 
capacity, yet do not cover some parameters needed 
to pinpoint additional problems which affect the 
efficiency of the communication service. 

Therefore it has been found desirable to apply 
additional statistical examinations, such as test 
calls4 and live traffic observations. These 
practices were found quite effective in SxS direct 
controlled switching systems. 
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With the introduction of advanced switching tech
niques, using registers and new signalling 
methods, it became more and more difficult to 
analyze the collected data satisfactorily, due 
to the reduced transparency of the network, ob
scuring the process of the call setup through 
the various stages and route sections, from the 
source (the traffic observation point) up to 
sink of the traffic flow (the called termination). 

In order to overcome this obscuration, more 
elaborate traffic observations, capable to col
lect additional, statistical valid parameters, 
which are not obtainable by the a/m measure
ments, have been employed. 

In the evaluation of the observed data, terms 
were defined as follows: -

1. KILLER NUMBER (KN) - a called subscriber's 
number with a very low completion ratio. 

2. KILLER ROUTE (KR) - a bottleneck in the net
work with a high proportion of waste traffic 
directed to. 

The importance of detecting KNs and KRs may rise 
significantly with the increasingly widespread
ing introduction of automatic dialling equip
ment, capable of many fast retrials of un
successful calls. 

This paper tries to deepen the transparency of 
the network, regarding the components of the 
traffic flow, by presenting a method of analysis 
of data, collectable with automatic traffic 
observations records, which is applicable to 
the existing, as well as to future SPC and 
digital systems, where these data may be made 
available as a byproduct of the computerized 
system control. 

3. DATA RETRIEVAL 

In 1980 a nationwide automatic traffic obser
vation survey was conducted in our telephone net
work, which enabled to develop the basis for this 
paper. 

In the survey the data was collected by a micro 
computer controlled telephone line scanner, con
nected to selected elements at various crossect
ions of the switching network enabling to sample 
data randomly on passing call set up attempts, 
generally from originating traffic. The selection 
was made to ensure a reliable representation of 
the characteristics of these attempts for auto
matic quality of service observations. 

For each sample the following data were recorded: 

Day, hour & minute of start of attempt 
Code of result: completion, bus~, no answer, 
unidentified response 
Dialled digits 
Total holding time 
Net conversation time 
Number of charge units 
Number of tones identified 
Pre dial tone time 
Dial tone time until dialling 
Dialling time 
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Post dialling time (until 1st tone) ~ 
Duration of tones identified ~ 

All identified tones are assumed to be 
according to CCITT recommendations. 

Not all parameters presented above are necessary 
for the implementation of the method described in 
this paper, and actually every apparatus which 
may record dialled numbers, holding times and the 
outcome of the attempt may be adequate. 

The a/m survey covered about 25% of the public 
exchanges. Every exchange was connected to provide 
a balanced representation of the traffic flow. The 
test period lasted at least for one whole week, 24 
hours a day. 

The recorded data was put on a permanent file in 
a computer centre and processed by accepted tools 
of file processing. This practice made it possible 
to develop highly flexible software for various 
experimental purposes, whilst the automatic ob
serving equipment provides raw data in a fixed 
format. 

4. THE METHOD OF ANALYSIS 

The technique applied to the analysis of the 
recorded data uses general accepted tools for the 
organization and processing of data files. 

The records were sorted in ascending lexicographic 
order of the dialled digits. By this means it 
became comparatively easy, on one hand, to separate 
the urban, interurban and international calls, and e 
on the other hand to reduce significantly the 
amount of different codes to be analyzed. Further 
reduction was achieved by fixing a lower limit of 
the number of attempts per subscriber number or 
per truncated code for KN or KR analysis. 

4.1 Front and far end elimination 

As recorded traffic data contains information on 
the various phases of the setup of the calls in 
the network, it is possible to detect those 
attempts which did fall in the first phases of the 
process where neither the communication network nor 
the far end traffic sink were involved. 

These cases refer to the following attempts: 

Incomplete dialled numbers (without busy signal) 
Invalid numbers (including dead level or busy) 
Inadequate waiting time for response 
Very short successful calls 

All these cases are separately analysed to reveal 
characteristic features and recurrency to detect 
interesting causes to enable remedying steps. 

Far end elimination is necessary in order to clear 
the statistics from data, which may reduce the 
transparency of the traffic flow through the net
work. In this elimination individual KNs are 
detected in the local and the toll network, or in 
both. Such KNs may represent sometimes also called 
subscribers with a number of lines with hunting 
facilities. 

e 
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4.2 Data filing process 

FILE 6 

Fig 1 - Data files creation process 

The process of progressive elimination is shown in 
figure 1, yielding files as follows: 

File 1 - The total observed data 
File 2 - Data received from front end elimination 
File 3 - KNs in the local network (from file 2) 
File 4 - Data on numbers in file 3, if observed 

in the toll network 
File 5 - KNs detected solely in the toll network 
File 6 - All remaining data not appearing in 

files 2 to S. In this file cases of NO 
ANSWER are regarded as "successful calls" 
for route analysis, as they are con
sidered having been correctly routed 
through the network. 

4.3 Sliced analysis for creation of grouped data 
(File 6) 

In previous direct controlled SxS switching sys
tems manual observations could detect characteris
tic features of routes and destinations by listen
ing to the responses from the network during the 
dialling phase and up to the end of the connection, 
if at all. Subsequent test calls to interesting 
directions with appropriate interdigit pauses 
could verify eventually the observed findings. 

Considering modern switching systems, with wide
spread common control features, sliced analysis 
tries to "see" into the labyrinth of the traffic 
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routing, to detect and locate exceptional waste 
traffic producing elements. 

Sliced analysis truncates the recorded dialled 
numbers, so as to form greater groups with 
identical codes, which by experience may be iden
tified as representing locations of bottlenecks, 
which appear as a result of the mutual influence 
of the switching, transmission and network routing 
process. 

The sliced codes are inspected for completion 
ratio and traffic efficiency ratio (see chapter 
5). To ensure the significance of the analysis, 
lower limits of sample size are prescribed. 

4.4 Assessment of KCs 

KCs are characterized by a comparatively great 
number of unsuccessful calls, and a high value of 
unsuccessful usage. 

These two indicators may represent the negative 
impact of the KC from two aspects: 

1. The number of failing attempts which load 
mainly the common control equipment (registers, 
markers, senders, receivers, etc.). 

2. The waste usage which affects mainly the 
routes in the network up to the called sub
scriber. 

In order to assess the damage of the KC ~aused to 
the flow of traffic, a normalized quantification 
of the statistics is formed, by defining a 
Traffic Damage Index (TDI) as follows: 
(1) 
TDI aY + ex 

~2~ L Holding time of unsuccessful attempts to KC 
L Holding time of all attempts to KC 

(3) L Number of unsuccessful attempts to KC 
X = L Number of unsuccessful attempts to biggest 

KC* 

a - a coefficient to express the relative damage 
of the waste traffic to the network 

e - a coefficient to express the relative damage 
of waste seizures of common equipments. 

Further we have: 

(4) a + e = 1 This equation normalizes the TDI 
and ensures that all TDI lie 
between 0 and 1 only. 

The equations of the various Iso-TDls are obtained 
from (1) and (4) 

(5) C = ay + ex 
hence 

(6) Y 
C j3 

"i: x where i is constant, = - -a 

is the slope of the Iso-TDI lines 

* Extreme great KCs are treated separately and 
not considered for TDI mapping 
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The way of deriving the values of a and S is shown 
in Appendix A. 

Fig 2 shows an example of a TOI ma~ . 

~= 0.4 ~=0.6 

v 

1. 0 ~-----.:----~---....~---, 

. 5 

o .1 

Fig 2 

.J .5 .7 

TOI map for KCs 
With Iso-TOI lines 
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Oifferent TOI maps may be drawn for the KNs and 
KRs, each with its appropriate coefficients a and 
S. 
In this way it becomes possible to place each KC 
on a graph, on which straight lines may be drawn 
to represent points, which contribute identical 
damage to the telecommunication system. These lines 
may be termed Iso-TOIs. 

From this analysis KNs may be detected with their 
respective TOIs in the local as well as in the toll 
network. This representation may give the traffic 
administering authorities a tool for priority con
siderations in the solution of problematic cases 
(e.g. KNs whose combined TOI are highest). 

Generally we have: 

TOIcombined = TOIlocal + K *TOItoll 

where K > 1 (to express greater damage) 
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The reliability of the assessment of KNs grows 
with the number of independent sources of obser
vation. 

KRs are detected from observed data for each 
source separately. In the interurban or inter
national network the source of observation is 
advantageously placed at the interurban or inter
national gateway respectively. 

For KR analysis, attempts with identical codes, 
obtained from successive truncation of the record
ed dialled numbers, are examined as a group for 
their TOI and are evaluated individually for each 
source. As has been mentioned above, it has been 
found appropriate for KR analysis to regard NO 
ANSWER outcomes as successfully completed calls. 

The reliability of the assessment of KRs 
grows by prolonging the observation period . 

5. RESULTS 

5.1 Killer Number typification 

From the analysis of the data collected during the 
survey, two typical appearances of KN were 
classified: 

The first KN is characterized by a high ratio of 
unsuccessful attempts due to subscriber busy 
during hours of his activities. These attempts 
have generally very short mean hQlding times. A 
typical KN report of this kind shown in fig 3. 

Such reports were passed on to the local traffic 
management centre for further examination and 
eventual remedial steps (addition of lines, recom
mendations to the subscriber for more adequate 
equipment, suited to his traffic requirements, 
hunting facilities, etc.). 

The second KN is characterized by a high ratio of 
Non Answered attempts during specified hours or 
all over the day. 

These KN were mostly remedied by introduction of 
recorded announcements as information to the 
calling party or of automatic secretary facilities. 

SUBSCRIBER NUMBER xxxxxx 

LOCAL TIME 8 10 12 14 16 18 20 22 8 TOtAL HT 

UNIDENTIFIED RESPONSE 2 3 1 1 7 172 

NO ANSWER 1 2 3 162 
BUSY 6 3 6 3 3 2 2 7 32 686 
COMPLETION 1 2 2 1 1 1 8 1485 
TOTAL 9 7 9 3 5 3 3 11 50 2505 

X - 42/75 - 0.56 Y - 1020/2505 - 0.40 TOI = 0.464 ( J3 -0 .4 rj,-O .6 
Fig 3 KN observation report example 
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5.2 Killer Routes typification 

The KRs were examined mainly for their waste traf
fic components and placed on the TDI map. An 
example of a KR report is shown in fig 4. In this 
report some parameters are given which enable to 
sense the economic impact of the quality of the 
traffic flow in the system. 

The report presents the number of attempts sampled 
during the test period in the indicated hours 
(GMT), mean holding times and various parameters 
and distributions as follows: 

TEST PERIOD: dd. mm. - dd. mm. yyyy 

G. M. T. 6 8 10 12 14 

NO RESPONSE 1 5 9 26 
NO ANSWER 0 1 2 3 
BUSY 7 10 31 26 
O.K. 1 4 15 13 
DISTR 1.8 8.2 19.9 21.9 
DISTH 2.7 5.9 16.8 20.1 
COMPLETION 11.1 20.0 26.3 19.1 
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1. NO RESPONSE - Unidentified response 
2. NO ANSWER - Identified unanswered call 
3. BUSY - Identified "BUSY" signal 
4. O.K. - Successful calls 
5. DISTR - Traffic distribution (%) 
6. DISTH - Attempts distribution (%) 
7. COMPLETION - Call completion ratio (%) 
8. TOTAL - Total number of events in a row 
9. MHT - Mean holding times (secs) 

10. SUM - Sumtota1 of all events 
11. MMHT - MHT of sumtotal (secs) 
12. DISTV - Distr. of results (%) 
13. ATT/E - Number of ATTempts per Erlang 
14. TREFCO - TRaffic EFficiency COefficient* 
15. TREVCO - TRaffic REVenue COefficient* 
16. PAID MINUTES PER ERLANG HOUR 

DESTINATION CODE = xxxx * (See chapter 6) 

16 18 20 6 TOTAL ~m DISTV 

15 4 12 13 85 42 25.07 
4 1 2 4 17 69 5.01 

31 23 17 31 176 35 51. 91 
9 3 5 11 61 249 17.99 

13.5 8.7 8.4 17.6 SUM MMHT 
17.4 9.1 10.4 17.4 339 76 
15.3 9.7 13.9 18.6 18.0 ATT/E =47.12 

TREFCO = 58.00 PAID MINUTES PER ERLANG HOUR = 28.7 TREVCO = 47.91 

Fig 4 KR observation report example (taken from survey of 
international outgoing traffic). 

6. ECONOMICAL ASPECTS OF TRAFFIC QUALITY 

Traffic engineering generally aims to achieve 
optimum traffic capacities. The results of the 
survey point out some traffic qualities, the 
improvement of which may lead to greater com
munication performance for a given traffic 
capacity. This seems to suggest, that the 
traffic flow should be regarded as a means 
and not as an end in the provision of tele
communications services. 

Fig.5 shows three traffic components as function 
of the completion ratio: 

1. Traffic REVenue COefficient (TREVCO) 
This represents the net share of the traffic 
flow, providing the required and usually 
charged, communication. 

2. TRaffic EFficiency COefficient (TREFCO) 
This expresses the traffic share which has 
been successfully routed. 

3. The third component: (l-TREFCO) yields the 
waste traffic flow, caused by all unsuccessful 
attempts. 

The difference: (TREFCO-TREVCO) gives the overhead 
share of the successful traffic, which is a funct
ion of various features of the system, such as: 

the number of dialled digits 
type of signalling 
type of switching policy (waiting or loss) 
mean holding time of the net communication. 
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Fig 5 Traffic quality parameters 

On fig 5 an additional important parameter has 
been plotted as function of the completion ratio: 

ATT/E = Number of attempts per Erlang-Hour 

This parameter is indicative of the load on common 
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equipments per Erlang-Hour, and varies typically 
from 20 to 50 for a completion ratio 60% to 30% 
respectively. 

The trend of the variation of ATT/E as function 
of the completion ratio may be expressed by a 
simplified model (see Appendix 2). 

The statistics for fig 5 have been taken from ob
servations on the international outgoing traffic 
to various destination codes. The vertical lines 
on the graph connect TREFCO and TREVCO for a 
given destination, at the respective completion 
ratio. The value of ATT/E for the same destinat
ion is marked with an asterik (*). 

The parameters shown on fig 5 bear on traffic 
efficiency as function of the completion ratio 
and might be considered with the relevant econo
mical implications. 

Appendix 1: The evaluation of ~and ~ for TDI 
maps. 

Pairs of values of a and S, (a+S=1), are chosen 
empirically (say, from 0.05 to 0.95 in steps of 
0.05). For these pairs a and S , the TDIs of 
some typical KCs are computed and the KCs graded 
accordingly. 

The list with the sets of the graded KCs is 
passed on to experts for their opinion of the 
best fitting grading. The chosen set with its ~ 
and ~ is then adopted for the TDI maps. 

Recalling, that by definition TDI. = aY. + SX. 
J J J 

Therefore TDI. > TDIk for all cases 
J -

and Y
j 
~ Yk (for any positive a and S ). In 

this way no chosen pair a, S can give a dis
torted map concerning the relative traffic 
damage of the KCs. 

Appendix 2: Simplified model for ATT/E 

Assumptions: 1) All attempts are classified 
either completed or unsuccess
ful. 

We define: 

2) No distinction is made among 
types of traffic (local, inter
urban, etc.). 

X - Number of unsuccessful attempts 
per Erl-Hr 

Y - Number of completed calls 
per Erl-Hr 

r - Completion ratio 
S - Mean holding time (Hr) of X 
T - Mean holding time (Hr) of Y 

by definition 1 Erlang-Hour contains X + Y attempts, 
Hence: 

(1) Y·T + X'S = 1 

(2) 
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From (1) and (2) 

(3) Y'T + Y 
(r - Y) ·S 1 

From (2) 

(4 ) ATT/E X + Y Y/r 

From (3) and (4) 

1 
ATT/E = r(T-S) + S 

For extreme cases 

t'+(), ATT/E + .!. 
S 

r+1, 
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