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What means NGA design?
• morning session :            decision system for planning and cost optimization in fiber 

rollouts                                      
… technically this means to

• compute spatial and technical layout of access and overlaying backhaul networks
such that

• all relevant data are considered (local network installation conditions, existing and 
usable infrastructure, connection objects …)

• networks are operable – logical consistent cable- and fiber (-signal) paths and according 
origination, termination and distribution components

• user driven network design is supported – parameter driven network topologies ( e.g. 
PON vs. GPON, distribution levels, components …)

• networks are optimized (investment costs, revenues, consideration of quotas …)
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Decision complexity - real world data
… which are mapped on network graphs.

≈ 90000 connection 
objects (potential units)

12 OLT options
(access, backhaul)

≈ 309 km existing and 1480 km usable 
infrastructure
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existing fiber infrastructure

usable infrastructure (empty pipes …)

copper infrastructure

3 PU1 (potential units 
1st level, unshared 
fibers)

5 PU0 (potential 
units zero level, 
DSLAM supply)

1 PU2 (potential unit 
2nd level, shared 
fiber)

Decison complexity - real world data
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Network design layout
backhaulaccess pon (point 2 point)access gpon (point 2 multipoint)

1:
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1 PU2
1 ONU2  1:1
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MDF

OLT
backhaul network

splitter
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fiber distribution 
cabinet

1:1

OLT
access network

4 PU0 (KA) 
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ARU
1:4

OLT
access 

network

… but note: 
everything here 
(components, 
distribution levels, 
network topologies 
…) might be 
influenced by the 
user!



28.10.2025 7

Design workflow

Graph-Generator
(rule based + 

maschine learning)
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-File
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Generic NGA Solver

Assignment Model
(spatial layout, quota)

Fiber Model
(layout of fibers and fiber 
distributing components)

Cable Model
(layout of fiber optic 

cables and cable 
distributing components)

Metaheuristic control
(manages network 

dependencies)

XML

XML

XML

XML

Access netw
orks

Backhaul netw
orks

Data container

…
.

…
.

3rd party MILP solver
MILP Handler

(middleware, handles 
MILP solver API)

XML

Solver parameter

Preprocessing
(Filtering, unit length 

fiber costs, ARU 
options,...)
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• computes spatial layout of 
networks:

• which access network supplies 
which potential unit

• which backhaul network 
supplies which access network

• Steiner forest problem
• quota constraints (percentage 

of potential units per level) 
• capacity constraints (number of 

potential units per level is 
restricted per network)

access networks

backhaul network

Assignment model
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arc length fiber costs

binary supply decision for arc

binary supply decision for node

quota of commodity class

flow of commodity class along arc

characteristics:
• multicommodity flow formulation on 

augmented network 
• commodity classes are levels of 

potential units
• network capacities correspond to inflow 

restriction for OLT options, i.e.

• Solving model directly on graph 
(populate and solve) usually fails (there 
is a Steiner forest problem inside!)

virtual root node

provision of commodity 
class on end node of arc (=OLT-option)

Assignment model ILP
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initialization:
build skeleton (of graph instance) by a first 
feasible Steiner forest - e.g. compute single 
source shortest paths from the commodity 
providing nodes (=OLT options) and assign 
heuristically commodity demanding nodes 
along the computed paths to the forest

initial Steiner forest

Start ILP for assignment model
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iteration:
1. enhance skeleton - e.g. bypass 

the skeleton (by cost driven 
search)

2. (re)solve ILP on the enhanced 
skeleton and update skeleton 
based on ILP solution

3. go back to 1 , until the skeleton 
becomes steady

enhancement of skeleton
feasible Steiner forest
enhancement of feasible Steiner forest

Start ILP for assignment model
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feasible Steiner forest update

Start ILP for assignment model
iteration:
1. enhance skeleton - e.g. bypass 

the skeleton (by cost driven 
search)

2. (re)solve ILP on the enhanced 
skeleton and update skeleton 
based on ILP solution

3. go back to 1 , until the skeleton 
becomes steady

…
.

…
.
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user upper bounds for commodity provision and/or skeletonization may 
contradict to quotas  relax model and prove feasibility of current skeleton
… good quality relaxations are provided by grb.feasrelax … you can 
even select the relaxation criterion!

Assignment model – infeasibilities

…

…
…

quotas (originally 1.0) have been relaxed
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computes fibers and fiber-
distributing components on 
network trees under 
consideration of declared
• network topologies
• distribution levels
• components
and yields consistent up-
/downstream fiber paths

Fiber model - specification

1st-level GPON fibers
(feeder network)

2nd-level GPON fibers
(feeder network)

3rd-level GPON fibers
(drop network, supply length 

restricted)

1st-level splitter

3rd-level ONU 
(for 2nd-level potential units) 

2nd-level splitter

OLT 
(1st-level in backhaul network; 0-level in access network)

1st-level fiber 
distribution
cabinet

second-level ONU 
(for 1st-level potential units) 

1st-level PON fibers
(feeder network)

2nd-level PON fibers
(drop network, supply length
restricted)

1st-level PON fibers
(feeder network)

1:n

1:n

1:1

ARU (for zero-level 
potential units) 

core-net POP (0-level)

1st-level PON fibers
(backhaul network)
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multicommodity flow 
formulation with

• fiber requirements

• component requirements

• distance requirements

…
…

…
…

prohibits back-feeding at the same network level

nonlinearity

fiber termination at network level

fiber origination at network level

Fiber model - MILP
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… solving model directly on 
network (populate and solve) 
comes sometimes with poor 
performance … (its hard to find 
a first incumbent)
… initial guess by bottom up 
set covering approach (i.e. 
cover components of 
subsequent network level by 
components of current level) 

set coveringset coveringset covering

Start MILP for fiber model

…
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PON access network          
network level 1            
network level 2

GPON access network          
network level 1            
network level 2

Fiber model result
… just for one access network (note: we have 12 networks in this example instance!)
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… computes cables and 
cable distributing 
components on network 
trees under consideration 
of
• fiber information
• component types
• existing and usable 

infrastructures
and yields a consistent 
downstream cable paths

3rd level ONU 
(2nd level potential units) 

2nd level ONU (backhaul network) 
zero level OLT (access network)

2nd level ONU 
(1st-level potential units) 

2nd level ARU
(zero-level potential units) 

1st level cable (GPON fibers)

1st level optical distribution system 
(optical splitter, ...)

2nd-level cable (GPON fibers)

2nd level optical distribution system
(optical splitter, ...)

3rd level cable (GPON fibers)

GP
O

N 
fe

ed
er

 n
et

w
or

k

GP
O

N 
dr

op
ne

tw
or

k

ba
ck

ha
ul

 n
et

w
or

k

lPON,0 = 1
1st level cable (PON fibers)

1st level optical distribution system
(fiber distribution cabinet, ...)

2nd-level cable (PON fibers)

lGPON,0 = 2
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lPON,1 = 1
zero level OLT

1st level cable (PON)

1st level optical distribution system
(fiber distribution cabinet, ...)

2nd-level cable (PON fibers)

3rd level ARU
(zero-level potential units) 

GP
O

N 
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k

Cable model - specification
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Cable model
… downstream cable paths via cable 
distributing components which are 
consistent to the already know fiber paths 
and consideration of existing infrastructures 
– to much complexity just for one model; 
hence perform bottom up local modelling:
• for all network topologies k

• for all network levels l in topology k
• for all nodes in network segment l 

and topology k, sorted towards the 
upstream direction

• do local cable modelling on 
node and its unique ingoing arc

local 
model

local 
model

local 
model

local 
model

local 
model

local 
model

thread

thread
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119 fibers which have to been installed in cable systems
7 usable infrastructures in which cable systems
may be installed or not

1 existing cable system (dark fibers) and its allocation rates

119 cable system options which have to been typed or not

downstream originating cable systems and their installed fibers
(already taken decisions in the bottom up process)

119 muffle options which have to been typed

Local cable model (just some data)

…
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… obviously not too much data for just one node  … in order to get good 
performance we filter out non-decisions (e.g. cable system types which are not 
allocable with respect to given infrastructure …) … hence this model is easy to solve:

Local cable model (just some data)
further downstream originating cable systems and their installed fibers
(already taken decisions in the bottom up process)

… but note - quiet a lot of them have to be solved (in this instance 
approx. 40000 ones!)
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PON access network          
network level 1            
network level 2

GPON access network          
network level 1            
network level 2

Cable model result
… just for one access network (note: we have 12 networks in this example instance!)
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… considering the sketched example with 
characteristics
# node = 381558
# edges = 547096
# connections nodes (PE1 / PE2) = 1124 / 8885
# potential units (PE1 / PE2) = 3142 / 45539
# computed access networks = 11             
# distribution levels per access network = 2
network topologies per access network = PON, GPON
# computed backhaul networks = 1
# distribution levels per backhaul network = 0
network topologies per backhaul network = PON

platform = Intel(R) Core(TM) i9-10900K CPU @ 3.70GHz
10 physical cores, 20 logical processors

preprocessing time = approx. 3 min

assignment model time (two hierarchies) = approx. 11 
min

fiber and cable modelling on 12 
networks = approx. 101 min

Overall performance

… but note, that this one of the largest instances … typical instances are computed 
within minutes …
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Gurobi Optimizer, as a third party solver for local modelling, is a useful and 
powerful tool which saves a lot of work …

What’s the conclusion of all this 
modelling?

…however it is probably not designed for just a  “populate and solve” strategy on 
sophisticated models …

… hence, provide good quality initial solutions and if not possible simplify, 
simplify, simplify ….
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… there are two good reasons for such a tool:
• simplified handling of third party solver

• supports model population, MILP-Start handling and model access (usage of 
model outside containers allow access without updating the model)

• supports conflict management (exploits grb.feasrelax in order to generate 
user feedback for useful parameter changes)

• allows descent control and user abort (e.g exploits grb.callback event 
information in order to avoid flat spot optimization near the optimum)

• Allows user / system integrator to handle parallelism of Gurobi Solver threads 
with respect to parallel NGA solver processes 

• one point maintenance (that’s the main reason for us!)

MILP solver middle ware
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NGA solver – bold decisions?

… we think yes, since it allows
• automated planning of many different network scenarios in 

acceptable time
• strategic decisions (relative advantages of investment decisions –

e.g. comparison of different levels of network deployments)
• estimation of investment risks and/or funding needs
and
• works on detailed real world data
• offers interfaces to most common geo data sources
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NGA solver – is it risky?

… we are not sure,  it depends but probably not …
• solving local models not towards the optimum clearly means to 

waste money … but data are usually noisy and it makes no sense to 
optimize model noise

• planning results are treated as rough first approaches … they are 
validated and corrected in detail by experienced (human!) network 
planners

• for strategic decisions different scenarios are always considered in 
relation … hence solving inaccuracies, if they are in the same range, 
vanish in such a relation … this is provable non-risky!
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… and finally, let me thank you 
for your attention!
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