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Session 3.4

Network optimization and costing
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Networ k optimization
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Networ k optimization

Optimization task -

find minimum network cost solution for given
(forecasted) demand for services and specified
(requirements) quality of service

Owing to the complexity and size of the typical
telecom network, it is not possible to treat al
aspects of the network simultaneously
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Networ k optimization

size of the typical telecom network
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Networ k optimization

| terative procedure for optimizing a telecom network

Network optimization problem to be solved has to be
divided into a number of suitable sub-problems, these
to betreated iteratively in a certain order

For the solution of any of these sub-problems, we assume that the
rest of the network has been correctly optimized and/or
dimensioned
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Networ k optimization

| terative procedure::

client layers

narrowband DPCN

and PSTN

Transport
layer

SDH broadband

optical layer

voice
T ValP
f
P
Y ¥
ATM 3 MPLS
R ¥ Yy

PDH e SDH

Y Y

Y J

optical/photonics, e.g. DWDM

| digital wrapper

Network Planning Strategy for evolving Network Architectures Session 3.4- 7
._>_\]
.
Exchan Boundaries > L ocations
T Iocaiion%e Circuits Distances
N
Exchange L ocations > Boundaries
boundaries Cost / erlang Subs/ exch
N
Inter-exchange Boundaries — Traffic
traffics Subs/ exch distribution
2
Inter-exchange Traffics > Circuits
circuits ¢ Cost / circuit Routing
2
Transmisson Circuits — Cost / link
systems Distances Cost / circuit
le——
_ Network Current —> Improved
changes network network
Network Planning Strategy for evolving Network Architectures Session 3.4- 8




Networ k optimization

Cost structure :

Cost subscriber — exchange: Dg XC4(Dg )+ C5
per subscriber, service
Cost exchange — exchange: DEF >Cc( DE ) + Cd

per circuit, channel

Cost of exchange equipment (including LR
the switch) b \

Cost of building, container, etc. [ Ny
Xe, Ye)
distance calculation
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Networ k optimization

Cost modelsfor the telecom equipment

=

1

o—

Typical cost functions: linear, step
) function, combination linear-step
D CufDPe ¥ Ty function (simple, but enough accur ate)

r
C{E)= C,(K,E )+ Cy(E )+ Dy -CyDg J+ Cp © i

Model for individual (sub.
line, user port) or group
(tr.system, exchange, router) Function of distance,
equipment number of users, required

capacity
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Networ k optimization

Cost structure :

Total network cost function, C, could
be expressed, e.g. in the model with
subscriber zones (grid), as

c= a asub(lj)>{C DE)xDE+cf]+ a[C(E)+Cb(E)]

E=1(ij)I E

NEX NEX
+a AaNer { Cc(Der ) Oer +Ca]
E=l F=1
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Network optimization
Cost structure TDM network:

c=3 Aat, J)%CS(DE)@E+Q]+a[ca(E>+cb(E)]

E=1(i,j)) E

X
+a aNg }C(Dg Oz +G

E=1 F=1
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Networ k optimization

Cost structure ATM network:
Total ATM network cost :
Cost of arelation in the SDH
Came = Z( ATM Node T network :

z' ( ATM Trunk Group . ——9p ¢ Relation Z (”f’aﬁr .  parh )

On each path, the ATM requirement passes the two SDH end
nodes and possibly several SDH transit nodes and links::

.||U Clrans Path — € End 1 + Z Cvansit +
c _ ° Fibre
STM -1 = «— Z Csma1 T Cpna2
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Network optimization

E.g. theoretically optimal location (X¢,Yg) hasthe
property that the partial derivatives of the total network
cost function, C, with regard to X and Y are equal to
Zero :

1C/TXg =04
y forE= 1,2,...
1C/MYe :Ob

Standard condition for continues space — location could be
anywhere in the area

If not satisfied (locations could be only in particular places) —
becomes combinatarial problem

Network Planning Strategy for evolving Network Architectures Session 3.4- 14




Networ k optimization

Model with subscriber nodes - combinatorial problem

calculate the total network cost, C, for al
combinations (solutions) and find the smallest
C=Cmin

for n nodesand N equipment items nl combinations
(neN)! N!

e.g. n=200, N=10, Comb=200!/(190!x10!)
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Network optimization

Model with subscriber nodes - combinatorial problem

It is obvious that it is not possible to use such a method in
practice, except for some very small networks.

Moreover, it is pointless to investigate many of the
combinations.

Solution:

» to eliminate the obvious senseless combinations and to
investigate the rest

» to investigate some of the combinations, which could
give the optimum
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Network costing

Evaluate:
» capital expenses(CAPEX)
» oper ational expenses (OPEX)

CAPEX

»Material: Purchasing of all material used in the
construction of the plant, freight costs, salestaxes, and
supply expenses

>Installation: All direct labour costs aswell asincidental
expenses

»Miscellaneous. Supervision, tool expenses, gener al
expenses, social security taxes, and relief and pensions
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Network costing
CAPEX

»Engineering: Cost of all engineering time and associated
costs

» Costs occurring during construction, which are added to
the plant investments accounts

OPEX

»The cost of material and labour associated with the upkeep
and re-arrangement of the plant (maintenance costs)

»The cost of labour associated with day-to-day operation of
the plant

»Miscellaneous expenses, such asworkshop repairs, tool
expenses, car etaker, utilities, etc
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Network costing

Economy Study Techniques

The basic economic study methods are:
» The present worth method

e The annuity method

» Therate of return method

The choice of method to be employed for a certain
study israther arbitrary and the ease of
calculation and the simplicity of presentation are
factor s which should always be considered when
making the decision
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Network costing

Present Worth (PW) method

This method refers to all the events in an economy, both incomes
and expenditures, as one figure at one point in time

When comparing different alternatives for a given revenue or cost
saving, the alternative with the least present worth of all
expenditures or annual charges should be selected

There are two methods of present worth:

= the present worth of expenditures (PWE), and
= _the present worth of annua r‘hargm ( PWA (‘)
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Network costing

Present Worth of Expenditures (PWE)

capital costs conversion

conditions

The present worth of expenditures (PWE) method
measures how attractive an alternative is based on the
The PWE does not require any estimate of revenues

If adifference in revenues is anticipated, revenues must be
taken into consideration in order to maintain comparable
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Network costing

Present worth of annual cost (PWAC)

found

The present worth of annua costs (PWAC)
method is essentidly the same as the PWE
method, except that capital costs are converted to
equivalent annual costs (AC) before their worth is
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Network costing

Example for PWE of transmission Systems

Item Purchasing Taxes Installation Total Replace- Mainten- Total
Cost Investment ment ance Present
Worth
Terminal 15980.0
equipment
Repeater 14780.0
Cable 1536
per km
Taxes= 20% of purchasing cost
Installation = 10% of purchasing cost
Rep|acement = (Total investment)
@+ -1
. u .
Maintenance = - (Purchasing cost)
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Network costing

The annuity method

Initial capital costs are converted to equivalent annua costs
and then constant annual receipts and/or operating costs are
subtracted and/or added to the annual capital costs

The application of the annuity method is limited by the

assumptions and conditions:

= al investments have to be made a one time, a the
beginning of the calculation period

= operating expenses and receipts have to remain constant
during the calculation period
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Network costing

The rate of return method

= This method has to e —
guaranty profitable for the -
operator network po—

THomm
= |n the time of monopoly 1coconcn |
the method of rate of return st ]]
was rarely used in network R e
planning applications, "
instead technical planning i AT Gl iV
was followed by feasibility by
study
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Network costing

Overall economic results —
Revenues, Cost, Cash-flow and Net Present Value

Tl k= fewr Dl

a1 4

) |

= | |

o) |

:5 | SLEEET
| e L

Sl R

e

| R 7 D R
I
|

M frar 1 2073 oM a0

Network Planning Strategy for evolving Network Architectures Session 3.4- 26




