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ABSTRAGr. 

This paper describes a microprocessor controlled device 
for the measurement of telephone traffic based on the 
concept of state-transition. The device is controlled 
by three measuring leads per group common to all the 
servers in the group; a seize lead which transmits a 
pulse when a server is seized, a release lead which 
transmits a pluse when a server is released and an 
initialization lead which transmits a pulse when all the 
servers are s:imultaneously occupied. The device 
!reasures the mean of the offered traffic and the mean 
and variance of the carried traffic, in addition to 
congestion and call counts. A method for compressing 
measurement data at its source and the significance of 
the variance measurement are also discussed. 

1. BACKGROUND 

The data required for sizing the components of a tele
phone network and for monitoring the grade of service in 
its various parts consist of three main types; usage, 
congestion and call counts. Three different facilities 
are presently used to collect that data. The facility 
for usage data consists of traffic usage recorders which 
can be broadly classified into two main categories, 
analog and digital. In the analog, the sum of the current 
drain of busy servers is continuously monitored. In the 
digital, the servers are scanned at regular intervals 
and the nwnber of busy servers is scored on digital 
counters. Present-day usage measuring facilities require 
the provision of a separate lead or memory associated 
with each server to indicate its idle/busy condition. 
Facilities for monitoring congestion consist of call 
count, overflow, all trunks busy (ATB) and last trunk 
busy (LTB) counters. Overflow measurement consists of 
scoring the nwnber of successful and unsuccessful calls 
which arrive when all the servers in the group under 
consideration are busy. Theoretically, the ratio of 
such unsuccessful calls to all calls in an infinitely 
long period of time represents the call congestion, often 
called the grade of service. In ATB and LTB measure
!rents, the durations of ATB or LTB conditions are scored 
on digital counters from which the grade of service can 
be obtained by mathematical formulae. 

The shortcomings of present-day measuring techniques are 
well do~umented in the literature [1, 2, 3J and will not 
be enumerated here. To say the least the concepts of 
traffic measurement have not changed since the early 
days of automatic telephony. Today I s traffic measuring 
systems have failed to cope with the recent advancements 
of teletraffic theory which call for more accurate data 
besides the need for the measurement of the variance in 
addition to the mean of traffic loads. 

* The views expressed are those of the 
authors and do not necessarily 
reflect the views of the Federal 
Communications Commission. 
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2. MEASUREMENT OF VARIANCE 

In an effort to improve present-day traffic !reasuring 
tecniques, the authors developed a microprocessor con-
trolled device, based on the scanning principle, for 
the measurement of the three types of data mentioned 
above. The concept involves direct measurement of the 
mean and variance of calls in progress in a group of • 
servers from which the parameters of the offered traffic 
can be calculated using BrockJreyer's[4] foI'l11.llae with the 
lost-calls-cleared assumption. . . 

Mathematically, it is known that the variance of the 
nwnber of calls in progress is determined from the sum 
of the squares of the nwnber of busy servers and the sum 
of their nwnber as shown be low where Xi is the nwnber of 
busy servers in the ith measurement interval: 

1 1 
].l = (N ~ x~ - W L: 2 x . ) 

1 1 I 1 

This shows that the variance can be readily obtained by 
scoring the sums and the sums of the squares of succes
sive occupancies Xi and then averaging the results. 
This requires two memory registers, a squaring device, 
and two adders. 
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FIGURE 1 SIlIJIPLIF'IED BU:X::K DIAGRAM OF 
TRAFFIC MEASURING DEVICE WI'IH SCANNJNG. 

Figure 1 shows a simplified block diagram of the device. 
The figure is particularly applicable to present-day 
traffic usage recorders with scanners, where it is 
desired to determine the traffic variance and to com
press large volUJres of measurement data at its source 
so that only the busy hour load and its variance is 
recorded. The process in its basic form has been 
s:imulated on a micropro~essor, showing that such an 
implementation is practical for large nwnbers of trunk 
groups in a given office using a multiplexing arrange
ment to s:imultaneously measure traffic on many trunk 
groups. A main data memory records sampled trunk busies 
for each trunk group over an hourly time frame. The 
measurements are separately accumlated for each trunk 
group over the last hour of measure!rent, forming a 
sliding total and are scored in a sumnary data memory 
only when the ctrrTent accumulated total exceeds the pre
vious one. At the SaJre tiIre that trunk occupancy samples 
are accumulated the sum of the squares of these occu
pancies are also calculated and are separately scored in 
a second swnma.ry memory . The net result of this process 
is a pair of measurements for each trunk group scored in 
the swnma.ry memories corresponding to the sum of the 
sampled busies and the sum of their squares during the 
busiest hour of the observatiort period. The mean and 
variance of the carried traffic can then be calculated by 
theoretical formulas. 
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A somewhat more sophisticated variation of this approach 
was presented at the last (1976) Teletraffic Congress 
and involves measu.rerrents on a lirni ted portion of the 
servers which are arranged as a last-choice subgroup 
from which the para.rreters of the traffic offered to the 
whole group can be calculated. [7J 

Although the last choice group measurement along with the 
variance measurement potentially represents an ~rove
ment in traffic measurerrent, it is possible that the 
conplexity of the calculations required for the inple
mentation of this techinque would significantly reduce 
its attractiveness in a real-tirre environment. This led 
us to discard that approach and to seek a solution based 
on fundamental traffic principles. 

3. THE CONCEPI' OF STATE - TRANSrrION IN TRAFFIC 
MEASUREMENT 

Telephone traffic consists of calls which arrive at the 
system at v.arying tirres and occupy the servers for 
varying durations. Each call has an arrival (start) and 
departure (terminate) tirre. During a very short iilterval 
of time, only one event may occur to change the occupancy 
state; either a new call arrives and occupies an idle 
server which increrrents the state by one, or a call 
terminates, releasing a server which decrements the state 
by one. The number of occupied servers in any state 
can be established f'rom the state-transitions if the 
nurrber of occupied servers prior to the measurement 
interval is known. This can be acconplished by starting 
the measureJlEnt after the number of occupied servers is 
known, indicated by the ATE condition. Because an ATE 
condition may not occur f'requently, especially in the 
case of lightly loaded groups, the group may be sub
divided into two or more subgroups in order to speed-up 
the initialization. The well known Pa.J..m-.Jacobeaus 
fOI'll'D.lla shows that the probability of particular x trunks, 
out of c fully available trunks, to be simultaneously 
occupied is given by: 

H(x) E(c,a) 
E(c-x,a) 

where E(c,a) is the symbol for the Erlang loss fOI'll'D.lla. 
In case subgrouping is used, initialization will take 
place after all subgroups have exhibited the ATB con
dition at least once. 

Three rreasuring leads per group common to all the ser
vers in the group (or subgroup) are required to measure 
the traffic in the group regardless of the n~er of 
servers: a seize lead which transmits a pulse when a 
server is seized, a release lead which transmits a pulse 
when a server is released and an initialization lead 
which transmits a pulse when an ATE condition occurs. 
JVeasuring leads to count call attenpts and ATE leads are 
presently enployed in most serving groups where such 
rreasurement is required. It will only be necessary to 
additionally provide call release leads to make the 
device operable. In that sense the device is based on 
the concept of time rather than space used in devices 
with scanners. 

The duration of each state may also be determined from 
the server's seize and release times as will be described 
later. CXlce the device is initialized, the parameters of 
the carried traffic can be calculated either as the 
integral over time of the state-transition function or as 
the sum of the duration of all calls. 

4. DESCRIPI'ION OF THE DEVICE 

The qevice described here provides by direct measure-
rrent the mean of the offered traffic in addition to the 
mean and variance of the carried traffic. This is 
acconplished by JlEasuring both the congestion and non
congestion periods, and by producing the integral of the 
transition state diagram at any point in time. 
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FIGURE 2 SIMPLIFIED BLOCK DIAGRAM OF 
TRAFFIC MEASURING DEVICE BASED ON THE 
CONCEPI' OF srATE-TRANSrrION. 
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Figure 2 shows the sinplified block diagram of the device 
for one group based on the integration rrethod. It con
sists of an up/down (UID) cotmter which is triggered by 
pulses received over the seize, release and ATE leads 
and provides the states of occupancy. The output -of 
this counter is connected to two acct.nnulators, the JVean 
Accumulator (MA) for summing the values of the states 
scored in the DID counter and the Variance Accumulator 
(VA) which is connected through a squaring decoder for 
summing the squares of the states. The initialization 
pulse transmitted over the ATE lead presets the U/D 
counter to the number of servers in the group, allowing 
the start of measurement. The system clock provides 
enable pulses to the two accumulators which add repeatedly 
the states scored in the U/D counter a number of tirres 
proportional to the duration of the state. By providing 
a clock which produces 2q pulses per hour, it is possible 
to shift the decimal point in the accumulated swns q 
places to the left to easily perform the required divi
sion of the accumulated sums by the number of clock 
pulses. The number of t:illes the states are added is 
scored in the Clock Pulse Timing Counter (CPI'C). The 
sum of the states and their squares scored in the two 
accumulators is then divided by the number of clock 
pulses scored in the CPTC using two dividers, one for the 
mean of the carried load and one for its variance. It 
should be noticed that these two acct.nnulators are reset 
at the start of rreasurement. 

The following formulas are used for the calculation of 
the mean and variance of the carried traffic: 

where: 

Number of transition states 
Number of clock pulses 2q 

Number of busy servers in state i 
Number of clock pulses in state i 
clock pulse duration 
rrean of carried traffic 
variance of carried traffic 

5. DIREGr MEASUREMENT OF OFFERED TRAFFIC 

The description to this point has emphasized measure
ments of the carried traffic. It should be noted that 
the offered traffic can be otained from the carried 
traffip using the relation: 

A=~ 
1-B 

where A is the mean of the offered load, a is the !TEan of 
the carried and B is the proportion of the time congestion. 
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In other words, the mean of the offered traffic is equal 
to mean of the carried traffic divided by the ratio of 
non-congestion time to total measurement time. Since 
the device utilizes a number of clock pulses ni to measure 
the duration n1~t for state i, it will only be required 
to provide a corrparator and gate arrangement as shown in 
figure 2. When ' the ATB condition occurs, the output of 
the corrparator goes high. The corrparator feeds two AND 
gates which are controlled by the system clock, one 
inverted and the other direct. The output of the 
inverted gate drives the Congestion Timing Counter and 
the output of the direct gate drives the Non-congestion 
Timing Counter which scores the number of clock pulses M 
produced during the non-congestion states when at least 
one server is idle. This sum is fed into the divisor 
input of a third divider whose dividend input is con
nected to the output of the mean acclIDD..llator (MA) scoring 
the sum of xini. The output of this divider prOvides, 
therefore, thi mean of the offered traffic which can be 
expressed as 1Vr ~ xini where M is the total m.nnber of 
clock pulses during the non-congestion period ~t. The 
mean of the lost traffic can also be obtained in a 
similar manner. 

6. AN ALTERNATIVE APPROACH 

An alternate 1rr:plementation for measuring the traffic 
using the basic concept described above is illustrated' in 
figure 3. Using this approach the traffic is measured as 
the difference of the sum of release tirres and the sum of 
seize times of all servers. An adjustment must then be 
rrade for those calls which are in progress at the begin
ning and at the end of the measurement period. This is 
accorrplished by using the following formula: 

where: 

N = Number of calls which begin and end 
during the measurement interval 

ti = Trunk release tirre of call i 
Sj = Trunk seize tirre of call j 

NI = Number of calls in progress at the 
beginning of the measurerrent period 

N2 Number of calls in progress at the 
end of the measurement period 

T End time of measurement period 
S Start time of measurement period 
II Mean of carried traffic 

This formula is based upon the principle that the traffic 
carried by a serving group during a period T-S is equal 
to the sum of the duration of all calls during the 
defined period divided by the measurement interval. If 
no calls were in progress at the beginning and end of the 
measurement interval then the sum of the duration of all 
calls could be easily determined as the ·difference between 
the sum of the release and seize tirres, i.e. ~ ti - ~ Sj 
Since it is generally unlikely that a measurement will 
start and end when all the servers are idle, a correction 
must be made to include the traffic generated by the calls 
existing at the ends of the measurement period. The 
number of calls in progress at the start of the measure
ment period multiplied by the start time of the measure
ment (N 1 S) must be subtracted from the quanity ~ ti - ~ s' 
and the number of the calls in progress at the end of J 
the period (N2T) must be added to this quantity. This 
corrects for calls which start before initialization and 
terminate within the measurement period (or outside it) 
and for calls which start within the period and terminate 
outside it. Iverson [5,6J has discussed this problem 
but did not quantify the means for making this correction. 
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FIGURE 3 SIMPLJFIED HUX:K DIAGRAM OF 
TRAFFIC MEASURING DEVICE BASED eN THE 
CeNCEPl' OF STATE-TRANSITION USING 
ALTERNATIVE IMPLEMENTATION. 

Figure 3 illustrates the embodiment of the above concept . 
for measuring the mean of the carried load. * A clock 
and timing counter is used to m:mitor the current time 
which is either added to or subtracted from the accUI1ll
lated total, deperoing on whether a call arrival (seize) 
or call departure (release) occurs. Appropriate 
dividing and adding corrponents are shown which make the 
correction for calls present at the begining and end of 
the period. Since the start tirre S of the measurement, 
as expressed in the above equation can be fixed at zero 
by appropriately resetting the timing counter at this 
time, the term (N1S) in the above equation relating to 
calls at the start of the measurerrent period drops out, 
thus sirrplifying the formula. As mentioned above, 
initialization will take place after the ATB condition 
has occurred, at least once, on all subgroups. Sub
sequent occupancy status is m:mi tored by the UID counter 
illustrated in this figure. The number of calls in 
progress at the end of the period is shown by the state 
of occupancy scored in the UID counter at that instant. 

7. SIMULATION OF THE DEVICE 

In order to test the validity of this approach and the 
formulas presented in this paper we ran a simulation 
which graphically displays the transition state diagram, 
listing the call arrival and departure times and ATB 
times. A sample printout is shown in figure 4 illustrat
ing the transition state diagram after initialization in 

* The variance of the carried load can also be 
measured in a similar way. 
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a group consisting of 20 server~ to which 20 erlangs of 
Poisson traffic is offered. 

SI"ULATlON OF TRAFFIC "EASURE"ENT BY "EANS OF TRANSITION STATES 

I TIK£ IN SECONDS 1--- 20 TRUNKS 20 ERLANO--------l 
I-ATB-----SEIZE- RELEASE- I • BUSY --- -------------------------- : 

360 20> 
> 

362 NC 
370 Ne 
370 19> 
371 20> 
374 19> 

> 
377 19> .1 
377 17> .1 
379 16> .1 

392 17> .1 
> • 1 

390 19> .1 
391 19> 
395 20> 

> 
> 

402 NC 
411 19> 

> 
> 
> 

20> 
> 
> 
> 

442 19> 
443 18> .1 
446 17> .1 

> .1 
16> .1 
17> .1 

> .1 
458 16> .1 
460 15> . 1 
460 14> .1 

461 15> .1 
462 16> .1 
465 17> .1 

"EASURED RESULTS FRO" THE SI"ULATlON 105.8201 SECONDS 

(1) 18.13603 HEAN OF CARRIED LOAD FRO" INTEGRATION HETHOD 
(2) 11.24015 VARIANCE FRO" INTEORATlON 
(3) 18.52305 "EAN OF CARRIED FRO" T-S 
(4) 56.36223 X NONCONGESTlON T1"E 
(5) 43.63777 X CONGESTION TI"E 
(6) 21.42857 X NC 
(7) 11.54438 AVERAGE ATB DURATION IN SECONDS 
(8) 14.9106.. AVERAGE TI"E IN SEC. BETWEEN 4H8 ~ S 
(9) 14 TOTAL NU"BER OF ATTE"PTS DURING "EASURE"ENT 
(10) 13 NUftIER OF RELEASES DURING MEASURE"ENT 
(11) 3 NU"BER OF 8LOCKED ATTE"PTS DURING "EASURE"ENT 

.1 

.1 

.1 
.1 

.1 

.1 

.1 
.1 
.1 
.1 

.1 

.1 

.1 

.1 
.1 
.1 
.1 
.1 

.1 

(12) 4 NUfl8ER OF ATB CONDITIONS OCCURING DURING "EASURE"ENT 
(ll) 32.17763 HEAN OFFERED TRAFFIC FRO" TRANS. STATES 

(1) 
(2) 
(3) 
(4) 

(5) 

(6) 

(7) 

(9) 

(') 
(10) 
(11) 
(12) 
(1J) 

16.93262 
6.909425 
16.93121 
87.1:5078 
12.84922 
15.90957 
7.139256 
48.41576 

4777 
4016 

760 
771 

1'.31436 

11 . 89792 HOURS 

HEAN OF CARRIED LOAD FRO" INTEGRATION METHOD 
VARIANCE FRO" INTEGRATION 
HEAN OF CARRIED FRO" 1-5 
% NONCONOE9TION TI"£ 
X CONGESTION T1"E 
X NC 
AVERAGE ATI DURATION IN SECONDS 
AVERAGE T1"E IN SEC. BETWEEN ATB ' S 
TOTAL NU"BER OF ATTEHPTS DURING "EASURE"ENT 
HUHBER OF RELEASES DURING f1EASUREHENT 
NUHBER OF BLOCKED ATTE"PTS DURING "EASURE"ENT 
NU"BER OF ATB CONDITIONS OCCURINO DURING "EASURE"ENT 
"EAN OFFERED TRAFFIC FRO" TRAMS. STATES 

Aetuel c:on .. pondinl offer" t .. afflc with...,. of 
20 . 1) IduI and " l'lanc. of 21.63 ....... Ul'ed by 
applyinl the __ tT.fUe pett.l'n (,.ltel'ated fro. 
th. __ 1' ..... ~ ... equ.nca ) to a tt'\lnk 11'OUP 
c.oatainlnl 40 tt'W'l... . S'Uaht ... aklld.n ... .,.. ob • 
•• 1'ved . 

FIGURE 4 SAMPLE OF SHOHI' SIMULATION 
RUN II.J1JSTRATING TRANSITION STATES 
AFI'ER INITIALIZATION. 

The simulation is a straightforward real-time simulation 
which generates calls having exponental interarTival and 
holding time distributions. The termination tirrE for each 
call is stored and the servers are examined before each 
call attempt to determine whether any calls have termi
nated and to update the occupancy state. We noted that 
for short rreasurerrent periods, where measurements started 
at the instant of ATB occurrence, the offered load calcu
lation from noncongestion tirrE tended to be biased 
upward. This problem becomes inSignificant for longer 
intervals or where the start of measurement is not 
immediately after the ATB condition. 

8. CONCLUSICN 

We have illustrated several novel approaches in traffic 
measurerrent and new devices which become very attractive 
in a microprocessor environment where it is desirable to 
Simultaneously measure traffic on large numbers of trunk 
groups in a single locat.ion. It is believed that in the 
present environment of scanning usage recorders, it 
would be desirable to measure the variance of traffic 
CarTied either by a subgroup or group of servers in order 
to determine the offered traffic. This would reduce 
significantly errors introduced through peg count and 
overflow measurements. In connection with the variance 
rreasurement a method of compressing measured data at its 
source has been illustrated by discarding data for non
peak hours. This is accomplished by measuring traffic 
over a sliding hour and storing the daily busy hour 
traffic whenever it occurs. Finally a very basic but novel 
idea has been proposed which would rreasure traffic without 
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scanners, using the basic principles of state-transition 
theory. This latest approach would significantly reduce 
the number of measuring leads required, el1minate 
inaccuracy resulting from scanning at discrete sampling 
intervals, and reduce cost of measurement, while 
increasing its reliability. 
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