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The business environment of today's Operating Telephone Companies 
requires systems that are capable of analyzing . a spectrum of complex 
integrated network planning issues in varying levels of detail. Moreover, 
these systems must be highly flexible and responsive, and must adapt as the 
users' needs change. In this paper, we first provide ' an ovetview of a flexible 
approach to planning ' that would use a generic, building block concept to 
obtain such ' system attributes. We then focus on the traffic (or "setvice') 
network planning ' and administration portion of that architecture; 
highlighting its basic decomposition and canonical components. Finally, as 
evidence of the ongoing effort to develop, the necessary bUIlding blocks for 
this type of approach, we describe some new and/or recent results ' on generic 
or integrated tra,ffic models, including some that relate to ISDN, virtual 
net\vorks, fiber rings, forecasting, and advanced routing techniques. 

1. Introduction 

The business environment of all Bellcore's clients and o\vners has changed dramatically 
in recent years. These changes have come about primarily b~cause of new technologies 
of the "information age", regulatory shifts (including the AT &T divestiture), and 
competition. Our clients are designing and implementing new business strategies that 
involve ne\v net\vork architectures, new se,tvices, and- new types of network demands. 
To support planners and other corporate deCision makers, it is highly desirable that 
planning tools be capable of analyzing the spectrum of evolving' issues confronting these 
people on a daily basis. ' These decision support tools should be highly flexible, 
responsive, and user friendly, and should evolve gracefully and quickly as the user 
community's needs evolve, [1] and [2]. 

This paper begins \vith a high-level description of a very flexible architecture, based on a 
"building block approach," for analyzing a wide range of integrated network planning 
issues. We focus on the traffic, or "service", network planning and administration stages 
of that architecture. The ' second "part of the paper concerns ne\v traffic models and 
algorithms that help 'provide either "generic" or more-integrated building block 
components for these flexible tools. 

2. Flexible Network Planning Using' Generic Models 

2.1 Systems Architecture 

Bellcore has been working since 1985 on a new architecture for future planning and 
engineering (P&E) systems. This architecture is intended to provide the overall 
computing system framework for the planning and engineering functions of the 
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Operating Telephone Companies (OTCs). This architecture is designed to separate data 
and data management from the applications programs, provide a total view of the . 
network, integrate planning and engineering. functionality and data in one system, 
implement an open andjnodular architectl:lfe, and support a universal workstation . . 

The planning applications architecture is consistent with the above systems objectives, 
and has additional structure to assure that the planning software changes minimally as 
the planning issues evolve. Therefore, our approach for the planning software 
architecture is to take the varied and complex issues of integrated network planning and 
decompose them into simpler functions and processes that are common to several 
planning applications. Then, computations are done at the basic· level and are 
combined to obtain the desired results. This approach is often called the ''building 
block" technique and is analogous to the definition of "primitives" in the · analyses of 
languages. 

To illustrate the feasibility of the approach, let us con~ider the complex issue of 
planning a (generic) Public Packet Switched Network (PPSN) service and observe the 
common, Le., generic, elements of the analyses. While planning for a PPSN service, 
one must consider a technology that is, in many ways, quite different from the more 
familiar circuit switched networks. However, many of the network functions are the 
same: provide access, switching, routing, network management, and trunking . . The 
network elements used to provide the functions are sometimes different from that for 
circuit switching, but are analogous: the public switched network inay be used for 
access; dedicated access concentrators may also provide an access point; packet switches 
act as tandems; and transmission facilities may be identical to those for the circuit · 
s\vitched net\vork. Finally, a PPSN plan would be based on network measurements, 
customer demand forecasts, traffic routing and · node-access, nodal, and internodal 
network element planriing - just as for th.e traditional circuit-switched network. 

2.2 Planning Issue Characterization 

The integrated technology planning issues confronting network planners and other 
corporate decision makers involve an ever-increasing collectipn of new services, new 
technologies, network arc h itectu res , "buzz words", and acronyms. In addition, 'these 
relatively ne\v planning issues, such as ISDN planning, competitive analysis, and virtual 
network deployment, are highly integrated and complex. Note, as the netWork 
implementations become more integrated, the need for integrated planning increases. 

Our approach begins with defining five categories of planning issues into which each of 
the pro blems can be fit, as shown below . 

. PLANNING ISSUE CHARACTERIZATION 

1. BUSINESS STRATEGIC· INTERFACE: e.g. strategic customer serving plans, 
competitive network analysis, tariff and business case planning. 

2. NETWORK ARCHITECTURE PLANNING: e.g. distributed switching, digital 
architecture for special 'services, LATA integrated digital modernization, hubbing 
(DCS), packet network. 

3. SERVICE DEPLOYMENT PLANNING: e.g. 800, 900, PPSN, PSDS, CLASS, 
Operator Services. 

4. MAJOR GROWTH/MODERNIZATION PLANNING: e.g. 
capping/rel?lacement an.a1ysis~ technology retrofit analysis. 

5. DETAILED IMPLEMENTATION PLANNING: e.g. switches, multiplexors. 
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This layering is the first step in the building block approach to planning. The planning 
issues at the "top" are the ,mqst, integrated and complex, 'have the broadest scope, and 
require the least "depth" of calCulation. Further, the "top" issues r~quire knowledge 
about the lower issues, but' with less detail. This hierarchical layering emphasizes the 
need for planning consistency, as "top" level issues are resolved with less detail, but their 
resolutions are implemented at extreme detail. The lower issues, especially 4 and 5, are 
what are commonly thought of as traditional network planning. Much of levels 1-3 
have come about recently because of the changing technological and business ' 
environment. 

2.3 Generic Planning Process 

In this section we will define, at a high-level, a flexible planning process that should be 
capable of addressing a wide spectrum of planning issues ,and which should evolve as 
the planning environment changes. It will be assumed throughout this section that the 
basic P&E systems architecture, described in Section 2.1, is used as the foundation folr 
such a flexible planning ' process. We utilize an approach, often called the ''building 
block technique'\ that decomposes complex integrated technology planning issues and 
the associated planning processes into ' smaller, ,more common and more generic 
components. The planner, through efficient interfaces and programs, selects the desired 
components, performs elemental or "canonical" calculations, and strings together these 
intermediate calculations to achieve the desired result. 

The following figure shows a generic planning process with elemental or canonical steps 
for analyzing complex planning issues. The elemental steps are described below. 

GENERIC PLANNING PROCESS OVERVIEW 
PROBlfMIISSUE SPECIFICATION 

I ' I 
·1 SEJIVICU tEw:....

1
• SERVICES AnRl8UTES 

NE1WORK DEllAtD GENERATION 

C>ISTOIIER ......:.1 l. NEtWORK ,MEASUREMENtS 

t t~ t 
I""""'" NETWORK SPECIfICA""" • DESIGN :':1 SEIMCE NETWOAK MONITORING 

(..L~.Jygs7 
NETWORK ELEMENT PLANNING' MONITORING 

-~1:'! = ! NODAL I 
2.3.1 Problem/Issue Statement & Classification This information may include planning 
issue category (from S~ction 2.2), study objectives, study area, major assumptions, input 
data, outputs required (statistics to be computed, reports to be generated)" and level of 
detail computation. 

2.3.2 Services Selection and Definition , While one can always structure a planning 
system for specific services, we define services in terms of their key attributes: These key 
attributes allow a user to model new and different services, perhaps via tabular or menu 
input specifications. Examples of such key service attributes are access technology, 
switching technology, transport technology, transmission rates, units of demand (bits, 
packets, calls, circuits, trunks, virtual circuits), performance objectives (call blocking, 
packet delay, circuit availability), routing restrictions/requirements (tandem-based only, 
POTS, SSP-access, operator-access, no satellite links, all-digital, maximum 3 links, 0 DB ' 
loss, ... ), and tariff definition (if applicable). 
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2.3.3 Network Demand Generation Standard inputs to .the network planning process 
include external views of "customer" demands and marketing projections. In addition, 
there may be network usage (e.g., trunk group or point-to-point) measurements. If the 
user wishes to focus on only a portion of the · network or a subset of the potential 
services, some type of demand aggregation or stratification must be performed. 
Associated with each demand unit would be some measure of uncertainty for use in 
planning. Finally, it is often the case that customer demand may result in multiple 
network demands. For example, a demand for private virtual network (PVN) service 
may result in demand fo'r capacity on the public network, a cust.omer's virtual network, 
the signaling network and an operations support (e.g., measurement or management) 
net\vork. 

2.3.4 Service (Traffic) Network Specification & . Design Here, we are dealing with 
net\vorks at a fairly high level, attempting to match service demand and sexvice capacity, 
\vithout dealing with detailed requirements for network equipment, which will specified 
in a later step. Sexvice networks provide both a logical \vay to view service capacity as 
\vell as a way to make initial decisions about requirements for major net~Tork elements, 
such as s\vitches, and about demand routing strategies. High-level estimates of various 
cost and perfonnance measures, including uncertainty of equipment requirements, are 
computed. Moreover, because of the close ' coupling between network demands, sexvice 
networks, and tariffs, it may be appropriate to calculate revenues at this point. Note, 
many "service" (or "traffic") networks can be carried on one a real "physical" network. ' 
For example, the total operating company's "network" is composed of the following 
"service" networks: public switched (telephone) network (PSTN), signaling network, 
operator network, operations support network, "digital overlay. network", and public 
packet netwo rk. 

Service net\vorks can have essentially the same attributes as services. That is, users can 
define one or more services as being eligible to be carried on a given service network. 
For e~ample, an "800" or a PVN service can be carried on the PSTN, \vith special 
routing instructions for data base lookup via the SS7 signaling net\vork. Service 
ne't\vorks are also defined by access technology, switching technology, ' transport 
technology, transmission rates, units of demand, performance- objectives, routing 
restrictions, and special tariff restrictions (if any). 

To be consistent \vith and provide support for evolving OTe network architectures and 
services that are increasingly intelligent, flexible, . and controllable, the service networks 
processes must have more generic and/or more integrated models and · algorithms for 
net\vork design and administration. That is, models reflecting single services and single 
demand types on separate net\vorks are adequate as long as that corresponds to the 
implementation. However, as more services and demand types are combined on a more 
integrated network, these traditional models ' become inaccurate if not meaningless. 
ISDN, integrated voiCe and data transport networks, . bandwidth switching technolog~es, 
and intelligent network services are the beginning of such trends. Required attributes for 
net\vork design and administration are; 

More general measurement and forecasting procedures, especially those based on 
point-to-point models refi~cting multiple service types. 

Generic routing capabilities. 

Multiple objectives for design and performance evaluation, including ' costs, 
profitability, robustness, flexible blocking and de.1aymeasures. 

Generic and/or more integrated engineering capabilities, consistent with circuit
switched, packet-switched, channel-switched, bandwidth-switched, or hybrid 
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techno.lo.gies. 

Algo.rithms to. design and mo.nito.r either . custo.mer o.r OTC service netwo.rks. These 
pro.cedures include integrated synthesis o.r perfo.rmance analysis mo.dels. 

2.3.5 Generic Service Network Monitoring · If the o.bjectives o.f such measures as delay, 
blocking, or o.tT-net calling vo.lumes are no.t being met, this step reco.mmends changes in 
service network topology or routing to co.rrect the pro.blem. In general, this pro.cess 
creates performance· statistics from available measurements, compares them to. 
objectives, identifies whether and where pro. blems exist, and recommends solutio.ns to. 
problems. 

2.3.6 Network Element Categorization & AnalYsis There ·exist methods fo.r co.nverting 
high-level to.polo.gical vie\vs into. . detailed requirements fo.r each traditio.nal 
discipline: loo.p o.r distributio.n, wire c·enter, traffic, and interoffice facilities. Ho.\vever, 
due to. the integratio.n o.f netwo.rk technolo.gies, services, and demands, there is a need 
for a function to identify co.mmo.n network elements acro.ss these disciplines, in o.rder to 
maximize efficiency and flexibility in the ultimate netwo.rk plan. Fo.r example, decisio.ns 
about switch sizes, functio.nality and integration," abo.ut DCS utilizatio.n and sizing, and 
about the level of facility multiplexing are crucial global decisions that must reflect these 
potential commonalities. . 

2.3.7 Network Element Planning and Monitoring This step encompasses the botto.m 
t\VO layers of the net\vork planning issues in the figure. Therefor~, in a sense, it is the 
traditio.nal net\vork ·planning function. However, the need for integrated, total-network, 
consistent views requires major changes in the algorithms and software that implement · 
this functionality. One basic approach that we recommend, is to, again, use a "building 
block" technique for each of the network element segments: node access, inter-nodal 
and nodal. Analysis is performed at a level of detail and scope that is consistent with 
the problem statement. In general, "strategic'" issues have wider scopes, but less detail 
than "tactical" issues. 

3. More Integrated and/or Generic Service (Traffic) Models . 

In ·Section 2, we described a building blocking approach to flexible netwo.rk planning. 
Key ingredients in that architecture are the service (traffic) network design and 
administration components that, increasingly, need to be able to model and analyze . 
networks that are more integrated, in terms of customer services and design o.bjectives. 
In this sectio.n we will review some recent or new traffic mo.dels and algo.rithms that can 
help pro.vide the necessary building blocks fo.r tho.se mo.re. integrated netwo.rks. We will 
o.rganize the results according to the catego.ries listed in Sectio.n 2.3.4. 

3.1 Measurements 

3.1.1 Variance of Load Estimates With General Holding Time The fo.llo.~ing result, 
. derived by H.-S. Liu of Bellco.re, extends previo.us work ~y ~ayward J 4], Hill a?d ~eal 
[5], and Messerli [6}, to the case of general, e.g., non-exponentIal o.r mIxed, ~oldI~g tIme 
traffic. It is presented as an upper bound, but has been useful as an approximatio.n and 
to detennine the sensitivity o.f the lo.ad estimate variance to. its parameters. The result is: 

var a s:: acrh + as + ab 1 + ~ - 2 - ( ) 

() hT(l - B) T(l - B) T w 
(4.1) 

where i is an estimate of offered load a with mean a, Z is the lo.ad peakedness, h is the 
holding time, B is the equilibrium group blocking, s ~ the scan rate for time interval T, 
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.~ 

and w = J (1 - F(t))2 dt/h witll F(t) being the cumulative distributing function of h. The 

inclusion of the general holding time terms generally increases the load estimate . 
uncertainty by several percent (in an absolute sense) or about 10-20% in a relative sense. 
That is, changing an assumption of exponential holding times to something more 
general may increase the load estimate uncertainty from, say, "15% to 18%. 

3.1.2 Optimlzed Flexible Sampling of Multi-Service Point to Point Demands In 
Reference 7, Pack and Ben Saad derive formulas and algorithms that allow one to 
allocate optimally (flexibly) a finite sample-processing capacity of point-to-point 
measurements among many traffic strata. That is, assuming that there is a need to 
measure (n10nitor or forecast) traffic representing mUltiple serv~ces among various point 
pair locations, the algorithms determine what sampling rates should be assigned to each 
traffic strata in . order to minimize' a weighted 0 bjective function and to satisfy a limit on 
overall s.ampling volume. These results improv~ the overall accuracy by about 60% 
over implerriented methods and about 30% over previously published sampling 
methods. 

3.2 Forecasting 

3.2.1 A Robust Multi-Service, Point-to-Point Traffic Forecasting Model Reference 8 
provided an oral presentation of a ne~ robust traffic forecasting model based on the 
Kalman Filter that can simultaneously handle multiple service categories as well as 
aggregate and specific traffic measurements in one model. The work extended earlier 
trunk forecasting models, such as .' those described in the Pack and Whitaker [9] and 
Moreland [10] papers, to the cases of point-to-point demands, multiple service types, 
and aggregate and specific measurements. For a very simple and less tban ideal 
example, we have found abqut 10% reduction in RMS errors due to inclusion of both 
aggregate and specific data in one forecasting model rather than separate models. 

3.2.2 Forecast Errors for Point-to-Point Loads and General Arrival and Holding Times 
In unpublished work, A. P. Schaum first generalized Moreland's sampling models [11] 
to the cases of general arrival processes and general, e.g., nonexponential or mixtures of 
short and long, holding ' time calls. Using notation similar to that for Liu (Section 
4.1.1), he found that 

var(~) = h(l- p) + var(~ + var(N)h ~- [- -2 ]1/2 
E2(a) pia pTah (aT) 2 

(4.5) 

where N is the number of arrivals in measurement interval T and p is the (systematic) 
sampling rate of call records. Then, assuming that the forecast, ~F' is a product of the 
load estimate ~ an.d a growth rate estimate ~, he obtained: 

(4.6) 

\vhere r = p~, a and ~ are the parameters of the gamma-distribution describing 
h 

growth-rate erroiS (E(~) = a ~ 2 and var(~) = (a _ 3~:a _ 2) ), P = il/(r + (!la/X)), Po is 

given by 

P = 1 + -E!!... + p2n(n - 1) + ... + pn 
n 1 !2! 2!3! ' (n + I)! ' 
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and o(x) is the Kronecker delta function., The results show that services with long 
holding times calls : can seriously affect the sampling and forecast error measures. 
Sampling errors can double or triple as some service holding times increase from around 
3 minutes to 30 to 60 minutes. 

3.3 Routing 

E. E. Cohen, of Bellcore, has designed state of the art algorithms and software that 
provide for simultaneous routings of multiple services on a hierarchical network. This 
software is contained in the traffic modules of the 'Network Planning System' (NPS-T), 
which, as of this writing, is planned to be exhibited at ITC-12. For nonhierarchical 
networks, it seems likely that the DNHR algorithms of Ash et al [13] and the state 
dependent (more real-time) nonhierarchical routing techniques, such at that of Ott and 
Krishnan [14], could be generalized to mUltiple service classes using generalized costs. 

3.4 Engineering (Network Design) 

3.4.1 Generic NHR or HR Engineering M. P. PioTo describes his o\vn work and other 
relevant references in [15]. 

3.4.2 Moveable Boundary Models Kim and Pack [16], Schwartz [17], and others have 
been considering methods to model and engineer networks that adaptively share, rather 
than allocate on a fixed basis, capacity for access or transport. Kim and Pack focus on 
,ISDN , (B and D-channel) access with feedback, \vhile Schwartz considers integrated 
access or transport, including packet and circuit switching. 

3.4.3 Multiple Services on a Hierarchical Network NPS-T, as designed by Cohen, is 
capable of engineering a hierarchical, circuit-switched network \vith multiple services, 
\vhere each service may have different engineering rules' and traffic characteristics. Cohen 
[18] has considered the additional constraint that each traffic class (service) may have 
limited access to the network capacity. 

3.4.4 A New Dynamic DeS Technology A digital cross-connect system (DCS) could be 
used to dynamically re-allocate facility capacity between any pair of switches having 
common facilities terminated at the DCS. Common channel signaling (CCS) could be 
used by a routing controller to communicate between the DCS and switches. A nice 
attribute of this ne\v technology is that the "new" architecture is basically hierarchical, 
with direct analogies to high-usage 'groups and finals, with alternate routing as 
mechanisms to "reserve" some capacity for each traffic pattern. For example, a high
usage group that provides direct connections for end offices A and B is equivalent to 
reserving some band\vidth for that purpose. 

3.5 Perfomlance Models 

3.5.1 Combined Voice and Data Descloux [19], Schwartz [17], and Schaum (in the \vork 
in Section 4.2.2) deal with the problem of analyzing networks that have both voice and 
data traffic. Descloux looks at fast packet switch delays, while Schaum considers 
circuit-switching blockings. Schwartz analyzes problems in which packet and circuit 

, switching technologies dynamically share available capacity. 

3.5.2 Nonhierarchical and Hierarchical Networks Pio'ro , [15] provides 'methods for 
analyzing blocking on either a hierarchical or nonhierarchical circuit-switched net\vork. 

3.5.3 Generalized State-Dependent Routing In ITCI2, Koussoulas [20] provides a 
structure for a specific SDR technique that we expect can be generalized for any SDR 
strategy. Such a procedure \vould also be an integral part of. SDR network design or 
managemen t. 
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4. Summary and Conclusions 

We have described at a high level a flexible, integrated network planning architecture, 
based on building block notions. We focused on the service (traffic) net\vork design and 
administration components of that architecture, emphasizing the evolving and increasing 
need for models and algorithms that are either more generic or are capable of analyzing 
more integrated net\vork services on architectures. 

In the second part of the paper, we provided examples of recent or ne,v work in these 
more integrated or generic modeling areas: measurements, forecasting, routing, 
engineering and performance analysis. The challenge of the future is to continue work 
in these critical areas so that, as the networks and services of the information age evolve, 
relevant and accurate traffic planning models and algorithms will be available. 
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