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TOWARDS USEFUL OVERALL NETWORK TELETRAFFIC DEFINITIONS

Stoyan Poryazov

Abstract. A detailed conceptual and a corresponding analytical traffic models of an overall (virtual) circuit
switching telecommunication system are used. The models are relatively close to real-life communication
systems with homogeneous terminals. In addition to Normalized and Pie-Models Ensue Model and Denial Traffic
concept are proposed, as a parts of a technique for presentation and analysis of overall network traffic models
functional structure; The ITU-T definitions for: fully routed, successful and effective attempts, and effective traffic
are re-formulated. Definitions for fully routed traffic and successful traffic are proposed, because they are absent
in the ITU-T recommendations; A definition of demand traffic (absent in ITU-T Recommendations) is proposed.
For each definition are appointed: 1) the correspondent part of the conceptual model graphical presentation; 2)
analytical equations, valid for mean values, in a stationary state. This allows real network traffic considered to be
classified more precisely and shortly. The proposed definitions are applicable for every telecommunication
system.
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1. Introduction

The first what we need for usable Overall Network and Terminal Traffic Theory, is a complete set of clear, precise
and useful definitions, particularly for overall network characteristics.

State of the art: Expressions “offered traffic’ and “demand traffic’ are not found in “ETSI Publications Download
Area” [http://pda.etsi.org/pda/queryform.asp] and in [ANSI 2001]. The ITU-T definition of offered traffic is not valid
for real telecommunication systems [Poryazov 2005] and that one for demand traffic is simply absent, despite
usage in ITU-T Recommendations of expression “demand traffic” three times, and of “traffic demand” — 50 times.
Objective of the research: To trigger discussions towards establishing stable fundaments of Overall Network
Traffic Theory.
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Methods used: Conceptual telecommunication network modeling, influenced by Structural Programming
approach. The reasoning is illustrated with circuit switching network models, because:

1) They are relative simple;
2) We have an existing Overall Network Teletraffic Model, consisting conceptual and correspondent
analytical models;
3) “...the teletraffic theory of the Internet with dimensioning methods is mainly the topic of the future.” [Molnar
2006];
4) We are discussing base traffic concepts and definitions, which have to be valid in any telecommunication
system.
All assumptions, notations and equations, not mentioned here, are explaneted in [Poryazov 2005] and, in more
details, in [Poryazov, Saranova 2006].

2. Conceptual and reference models

2.1. Normalized structure of traffic models

In this paper three types of virtual devices are used: base, comprising base devices (enforsing group limitations
on the comprised base devices, e.g. maximal sum of capacities) and aggregating base devices (used in the
reasoning only).

2.1.1. Base Virtual Devices and Their Parameters

In the normalized models, used in this paper, every base virtual device, except the switches, has no more than
one entrance and/or one exit. Switches, as a rule, have one entrance and two exits, but, as exception, may have
more. The structural normalization is possible for every computer program [Bohmé&Jacopini 1966] and therefore
for every model presentable as a computer program (e.g. computer simulation model). We will use base virtual
device types with names and graphic notation shown on Fig.1. For every device we propose the following
notation for its parameters: Letter F stands for calling rate (frequency) of the flow [calls/sec.], P = probability for
directing the calls of the external flow to the device considered, T = mean service time, in the device, of a served
call attempt [sec.], Y = intensity of the device traffic [Er].

2.1.2. The Virtual Base Device Names

In the conceptual model each virtual device has a unique name. The names of the devices are constructed
according to their position in the model.

The model is partitioned into service stages (dialing, switching, ringing and communication).

Every service stage has branches (enter, abandoned, blocked, interrupted, not available, carried),
correspondingly to the modeled possible cases of ends of the calls' service in the branch considered.

Every branch has two exits (repeated, terminated) which show what happens with the calls after they leave the
telecommunication system. Users may make a new bid (repeated call attempt), or to stop attempts (terminated
call attempt).

In virtual device name construction, the corresponding bold first letters of the names of stages, branches end
exits above are used in the order shown below:

Virtual Device Name = <BRANCH EXIT><BRANCH><STAGE>

A parameter's name of one virtual device is a concatenation of parameters name letter and virtual device name.
For example, "Yid" means "traffic intensity in interrupted dialing case"; "Fid" means "flow (call attempts’) rate in
interrupted dialing case"; "Pid" means "probability for interrupted dialing"; Tid = "mean duration of the interrupted
dialing"; "Frid" = “repeated flow call attempts’ rate, caused by (after) interrupted dialing". All expression “device
modeling the service of repeated attempts after interrupted dialing” is sometimes notated with {rid}.

2.1.3. The Paths of the Call attempts

We consider call attempts generated from terminals and correspondent to content and signaling terminal traffics.
In this paper, we ignore the internal network signalization.

Figure 1 shows the paths of the call attempts, generated from (and occupying) the A-terminals in the proposed
network traffic model and its environment. Fo is the intent rate of call attempts of one idle terminal; M is a
constant, characterizing the BPP flow of demand attempts (dem.Fa). In this paper we assume M = 0.



International Journal "Information Technologies and Knowledge" Vol.2 / 2008 195

In the model in Fig. 1, some of the blocks are numbered. These are Reference Points, e.g. the input point of call
attempts into the model is virtual switch with Reference Point 2 (RP2). Comprising devices (“a”, “s” and “b”) are
notated with graphical blocks.

{ » Fo (Nab+M Yab)
ET—» [ @ cr j~@—{ cc
‘bs|lis |[ns] [br] |[ar] [ac]
© - - o i o i ot i L om| %*ZI |
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I' = repeated; € =enter T Terminator:
t = terminated a = abandoned; (] Modifier;
= not considered. b = plocked; [JServer;
| = interrupted; ~ (JEnter Switch;
N = not available; _© Switch;
C = carried. Graphic Connector.
Virtual Device Name = <BRANCH EXIT><BRANCH><STAGE>

Figure 1. Conceptual model of the telecommunication system and its environment, including: the
paths of the call attempts, occupying A-terminals (a-device), switching system (s-device) and
B-terminals (b-device); base virtual device types, with their names and graphic notation. Some of
switches, on the Carried Communication Branch are numbered as Reference Points.

2.2. Demand and repeated call attempts

2.2.1. The next definitions in [ITU E.600] are connected with demand traffic definition:
E.600, Definition 2.2: call intent; The desire to establish a connection to a user;
E.600, Definition 2.3: call demand: A call intent that results in a first call attempt;

E.600, Definition 2.4: call attempt: An attempt to achieve a connection to one or more devices attached to a
telecommunications network;

E.600, Definition 2.5: first call attempt: The first attempt of a call demand that reaches a given point of the
network;

E.600, Definition 2.6: repeated call attempt; reattempt: Any of the call attempts subsequent to a first call
attempt related to a given call demand.

Following definitions above, we'll use the following shortenings, as definitions:

2.2.2. Definition D2.2.1: “demand attempts” for the first call attempts, from all considered call demands, that
reach a given point of the network. (The calling rate of demand attempts, generating from calling (A) terminals
and incoming in the Reference Point 2 into the network model presented in Fig. 1, we note with dem.Fa );

2.2.3. Definition D2.2.2: “repeated attempts” are call attempts subsequent to first call attempts related to all
considered call demands, that reaches a given point of the network.

2.2.4. The calling rate of these repeated attempts, generating from, and occupying calling (A) terminals and
incoming in the Reference Point 2 into the network model presented in Figure 1, we note with rep.Fa. In this

notation, the rate of all, incoming in the network, attempts ( Fa ) is:
Fa =dem.Fa+rep.Fa. (1)

The traffic of A-terminals, correspondent to Fa is notated with Ya.
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2.3. Pie-Model concept
The Pie-Model concept is known through so called “pie-charts”. In pie-models all call attempts incoming to the
network, e.g. in (RP2) in Figure 1, are distributed into branches with beginning RP2 and with end - the base
virtual device considered, inclusively. The all virtual devices in the branch are considered as one device,
aggregating them. The name of this aggregative device is the name of the last device in the branch, following
from suffix “.p”, standing for “pie”. For example, the branch “carried communication” has last virtual device “cc” in
the normalized model. The corresponding aggregation “pie-device” is named “cc.p” and has main parameters
Pcc.p, Tce.p and Ycc.p. These parameters may be expressed easy by means of normalized devices, e.g. for
holding time (Tcc.p) we have (normalized base devices have suffix “.n”, standing for “normalized”):

Pcc.p =(1—Pad.n)(1- Pid.n)(1— Pbs.n)(1— Pis.n)

(1—Pns.n)(1— Pbr.n)(1- Par.n)(1- Pac.n).
Tcc.p=Ted.n+Tcd.n+Tes.n+Ter.n+Tee.n.

Ycc.p = Fce.p Tee.p = Fa Pcc.p Tec. p = (dem.Fa + rep.Fa)Pcc. p Tcc. p.

2.4. Ensue-Model concept

Let us consider the call attempts outgoing the device “carried switching” {cs.n} and incoming in RP4 in Figure 1.
They have ensured continuation of their way in four possible branches. The set consisting of all base virtual
devices, that may be occupied from the call attempts, after their leaving an appointed virtual device, we consider
as an aggregative virtual device. The name of this aggregative device is the name of the appointed base device,
following from suffix “.e”, standing for “ensue™). The parameters of this “ensue device” may be expressed by
means of normalized devices, €.g. for ensued traffic intensity (Ycs.e ) and ensued holding time (Tcs.e ) we have:

Ycs.e=Ybr.n+Yar.n+Ycr.n+Yac.n+Ycc.n.

Tcs.e = Pbr.n Tbr.n+(1—Pbr.n) Th, 3)
where Th s the occupation time of the B-terminals (see Figure 1).

3. Effective traffic related definitions

Let us consider the following ITU-T definitions, copied from [ITU E.600] and commented by the author:

3.1. E.600, Definition 2.10: fully routed call attempt; successful call attempt: A call attempt that receives
intelligible information about the state of the called user.

Comment: User's states are, for example, “present” or “absent” and they are different from the terminal’s states,
e.g. “not available’/"available” (in mobile networks) and “busy’/"free”.

3.2. E.600, Definition 2.11: completed call attempt; effective call attempt: A successful call attempt that
receives an answer signal.

3.3. This definition refers rather the wanted terminal (responding equipment) state, because there are “calls on
which an answer signal was received, although the called subscriber did not answer” [ITU E.422].

3.4. E.600, Definition 2.12: successful call: A call that has reached the wanted number and allows the
conversation to proceed.

3.5. E.600, Definition 5.7: effective traffic: The traffic corresponding only to the conversational portion of
effective call attempts.

3.6. Answer signal in effective call attempts (see E.600, 2.11 Definition) don't means effective conversation,
because: the user may absent (not answering condition); another user may repots that the wanted user is not
near by; the quality of connection may be unacceptable, efc., so, an “abandoned conversation” case may occur.
The referring to the “successful call” (see 3.4. E.600, 2.12 Definition) is more appropriate.

In view of mentioned and other discrepancies in the ITU-T definitions above, it is necessary to give new editions
of the most of them:

3.7. Definition D3.1: fully routed call attempt: A call attempt that receives intelligible information about the state
of the called terminal.

3.8. This means that fully routed attempts are reached RP4 in Fig. 1. In other words, they have created traffic
Ycs.p and ensure ensued traffic Ycs.e with mean holding time Tcs.e (see equations (3)).

Y ensue = happen afterwards; occur as a result [COD 99].



International Journal "Information Technologies and Knowledge" Vol.2 / 2008 197

3.9. Definition D3.2: fully routed traffic: The portion of the traffic corresponding to the fully routed attempts, from
the moment they reach the called terminal.

3.10. Definition D3.2 is in conformity with definition D3.1 and the value of the fully routed traffic is Ycs.e.

3.11. D3.3: successful call attempt: A fully routed call attempt that receives intelligible information about the
state of the called user.

3.12. The successful attempt is reached RP6 in Fig. 1.

3.13. D3.4: successful traffic: The portion of the traffic corresponding to the successful attempts, from the
moment they occupy the called terminal.

3.14. The B-terminal occupation happens in RP6. Following the reasoning in definitions D3.1 and D3.2, the value
of successful traffic is Yar.n+Ycr.n+Yac.n+Ycc.n.

3.14. Definition D3.5: effective call attempt: A call attempt that has reached the called terminal and allows the
communication with a user to proceed.

3.15. The effective attempt is reached the RP7 on Fig. 1 and a conversation (abandoned or carried) is occurring.
3.16. Definition D3.6: effective traffic: The portion of the traffic corresponding to the effective call attempts, from
the moment of beginning the communication with a user.

3.17. Following the reasoning in definitions D3.1 and D3.2, the value of effective traffic is Ycc.n, because the
abandoned communication is difficult to be accepted as ‘effective’. This is a strict definition. Some
administrations might prefer a broad definition - to include the abandoned communications in definition also,
because effective traffic is known as “cost effective ftraffic’. In this case, the effective traffic is
Ycr.e=Yac.n+Ycc.n.

3.18. Definition D3.6 doesn’t contradict to E.600, definition 5.7. It's only reformulated in order to reflect packet
switching reality.

3.19. The (strict) effective attempts are moving only along the branch, corresponds to the {cc.p} (from RP2 to
{cc.n}, see Figure 1) we call it “the Carried Communication Branch”. It's parameters are: Pcc.p, Tcc.p, Ycc.p (see
equations (2)).

3.20. The “ineffective attempts” are all call attempts which are not effective.

4. Denial traffic concept

4.1. Every call attempt is generated with a will for success and it is moving in the Carried Communication Branch.
In the normalized model every virtual switch, in the Carried Communication Branch, has two exits, so there are
only two possibilities for a call attempt: 1) to continue its way towards {cc}; 2) to become ineffective and deflects
of the effective way (to be failed in that switch point).

4.2. Definition D4.1: denial traffic: The portion of the traffic corresponding to the ineffective call attempts, created
after call attempt deflection from the Carried Communication Branch.

4.3. In other words, denial traffic is served after the call attempt’s failure in a point of Carried Communication
Branch.

4 4. The denial traffic is real traffic, a part of ineffective traffic, corresponding to the ineffective call attempts. In the
model in Figure 1, denial traffic is served in 8 devices: {ad.n}, {id.n}, {bs.n}, {is.n}, {ns.n}, {br.n}, {ar.n}, and {ac.n}
(the including of {ac.n} in the list depends on the accepted effective traffic definition, see 3.17 above). The
blocking is only a cause for denial traffic appearance.

4.5, The denial traffic concept is a next generalization step, following a generalization tendency in ITU-T; “End-to-
end connection, party, and multi-party set-up failure, ..., can occur from a lack of resources due to insufficient
dimensioning or failure from other errors. End-to-end failure from a lack of resources due to insufficient
dimensioning can be considered as a special case of the set-up failure probability.” [ITU 1.358].

5. Carried traffic concept

Let us consider a portion of the network on Figure 1, named “switching stage” (between the two vertical dotted
lines). That portion of the network consists of four virtual devices: blocked switching {bs.n}, with traffic intensity
Ybs.n ; interrupted switching {is.n}, with traffic Yis.n ; not switching (incorrect number, etc.), {ns.n} with
traffic Yns.n ; carried switching {cs.n} with traffic Ycs.n .
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5.1. ITU concept for equivalent offered traffic [ITU E.501] is based on the carried traffic, defined in [ITU E.600]:
E.600, Definition 5.1: traffic carried: The traffic served by a pool of resources.

5.2. E.600, Definition 5.5 doesn'’t reflect the difference between the parts of the served traffic: carried and denial
traffics. The distinguishing is necessary for service assessment and optimization. The ratio carried/served traffic
is a good efficiency indicator.

5.3. Obviously Yis.n and Yns.n are denial traffics, following of attempt's termination and possible repeated
attempts. These traffics are real, they load switching system and must be taken into considerations in
dimensioning, but it is a little forcedly to name them “carried™, better leave for them the name “denial”.

54. There is a big distinction between carried traffic (crr.Ys) in the cases of circuit switching and packet
switching networks. In the circuit switching, the carried traffic coincides with the traffic corresponded to the carried
in the switching system attempts and the denial traffic (Ycs.n+Ycs.e, see equations (3)). In the packet switching
networks, carried packets occupy switching system for a relative short time (Tcs.n and correspondent Ycs.n ).
The presented above gives grounds for a common, for circuit and packet switching networks, definitions, with
illustrations based on the system presented on Fiure 1. These definitions are in force not only for switches.

6. Target traffic related definitions

In traffic engineering, many parameters have target values, which are interpreted as design objectives, see [ITU
E.726].

6.1. The usual target value of blocking probability is zero (in our example, trg.Pbs.n=0).

The traffic corresponding to this target value, in ITU-T recommendations is named “offered traffic”: ITU E.600

6.2. The natural generalization of the target traffics is demand traffic concept. Since nobody demands
unproductive attempt's occupation (and correspondent repeated attempts), the next definition is proposing:

Definition D6.2.1: demand traffic: The traffic that would be carried, in the overall network, from the demand
attempts, if they all are served as current effective attempts. Consequently: Pcc.p =1and rep.Fa =0.

6.2.1. Following definitions D2.2.1, D2.2.2, D6.2.1 and equations (2), putting Pcc.p=1and rep.Fa=0 for the
demand traffic (dem.Ya ) of A-terminals, we receive:

dem.Ya =dem.Fa Tcc.p. (4)

6.2.2. The only difficulty, in evaluation of the demand traffic, through measurements in the real systems, is the
estimation of dem.Fa , because it is connected with determination of repeated attempts flow.

6.2.3. Demand traffic is a dream target value for users and in the traffic management. Together with effective,
carried and served traffics, it is useful for overall network performance evaluation.

6.2.4. The phrase “demand traffic” is used three times, without any definition, in the ITU-T Recommendations;
“traffic demand” is used 50 times.

7. Conclusions

7.1. In addition to normalize and pie-models [Poryazov 2001], ensue model and denial traffic concept are
proposed, as a parts of a technique for presentation and analysis of overall network traffic models functional
structure. This allows real network traffic considered to be classified more precisely and shortly.

7.2. The ITU-T definitions for: fully routed, successful and effective attempts and effective traffic are re-formulated
in order to avoid some discrepancies and to reflect packet switching reality. Definitions for fully routed traffic and
successful traffic are proposed, because they are absent in the ITU-T recommendations.

7.3. A definition of demand traffic (absent in ITU-T Recommendations) is proposed. Together with effective,
carried and served traffics, it is useful for overall network performance estimation.

7.4. For each definition are appointed:
1) the correspondent part of the conceptual model graphical presentation;
2) analytical equations, valid for mean values, in a stationary state.

2 carry: 1. support or hold up, esp. while moving; 2. convey with one from one place to another; 3. have on one's
person (carry a watch); 4. conduct or transmit (pipe carries water; wire carries electric current)...[COD 99]
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7.5. The ITU-T definitions are needed a careful over-thinking for accuracy and completeness, because ITU is the
base body for common fundamental concepts acceptation. Most of discussed in this paper terms are absent in
[ANSI 2001] and ETSI definitions.

Bibliography
[ANSI 2001] ATIS Committee T1A1 Performance and Signal Processing. ATIS Telecom Glossary 2000. T1.523-2001.
Approved February 28, 2001, American National Standards Institute, Inc.

(http://www.its.bldrdoc.gov/projects/devglossary/)

[Bohmé&Jacopini, 1966] Bohm, C., G. Jacopini. Flow diagrams, Turing machines and languages with only two formation rules.
Comm. ACM, 9 (1966), pp. 366-371.

[COD 99] Concise Oxford Dictionary 9th Edition, Oxford, 1999.

[Engset 1918] Engset, T., 1918. The Probability Calculation to Determine the Number of Switches in Automatic Telephone
Exchanges. English translation by Mr. Eliot Jensen, Telektronikk, juni 1991, pp 1-5, ISSN 0085-7130. (Thore Olaus
Engset (1865-1943). "Die Wahrscheinlichkeitsrechnung zur Bestimmung der Wahlerzahl in automatischen
Fernsprechamtern”, Elektrotechnische zeitschrift, 1918, Heft 31.)

[ITU E.501] ITU-T Recommendation E.501: Estimation of Traffic Offered in The Network. (26th of May 1997).

[ITU E.526] ITU-T Recommendation E.526. Dimensioning a circuit group with multi-slot bearer services and no overflow
inputs. (approved: 1993).

[ITU E.600] ITU-T Recommendation E.600: Terms and Definitions of Traffic Engineering. (Melbourne, 1988; revised at
Helsinki, 1993).

[ITU E.726] ITU-T Recommendation E.726. Network grade of service parameters and target values for B-ISDN (13 March
2000).

[Iversen 2006] Iversen Villy B. Teletraffic Engineering and Network Planning. Lyngby, Denmark, June 20, 2006, pp. 354.
http://oldwww.com.dtu.dk/education/34340/material/telenookpdf.pdf (Access 26.11.2006).

[Molnar 2006] Molnar, Sandor. Traffic models and teletraffic dimensioning. Chapter in: “Scientific Association for
Infocommunications. Telecommunication Networks and Informatics Services”. On-line book, Budapest, Hungary,
03.01.20086. (http://www.hte.hu/index.php?option=com_content&task=view&id=69&ltemid=102&lang=en)

[Poryazov 2001] Poryazov, S. A., 2001. On the Two Basic Structures of the Teletraffic Models. Conference “Telecom’2001” -
Varna, Bulgaria, 10-12 October 2001 — pp. 435-450).

[Poryazov 2005] Poryazov, S. A. What is Offered Traffic in a Real Telecommunication Network? 19th International Teletraffic
Congress, Beijing, China, August 29- September 2, 2005, Volume 6a, Liang X.J., Xin Z. H., V.B. Iversen and Kuo G.
S.(Editors), Beijing University of Posts and Telecommunications Press, pp. 707-718.

[Poryazov, Saranova 2006] S. A. Poryazov, E. T. Saranova. Some General Terminal and Network Teletraffic Equations in
Virtual Circuit Switching Systems. Chapter in: A. Nejat Ince, Ercan Topuz (Editors). "Modeling and Simulation Tools for
Emerging Telecommunications Networks: Needs, Trends, Challenges, Solutions”, Springer Sciences+Business Media,
LLC 2006, pp. 471-505. Printed in USA, Library of Congress Control Number: 2006924687 .

Author's Information

Stoyan Poryazov - Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Acad. G. Bonchev
Str, Block 8, 1113 Sofia, Bulgaria, phone: (+3592)9792846; fax; (+3592)971 3649,
e-mail: stoyan@cc.bas.bg




