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What means NGA design?

morning session : A" 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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... which are mapped on network graph:s. "

~,

i k
graph BaseData: node attribute character I 5 Bt
""""""""""""""""""""""""""""""""""" 4 X 6
attribute type wvalue type # nodes sum % : PR
__________________________________________________________ . "’"a::,: e L
easting valueDouble 381558 19638556278. 0941 % \ P s
northing valueDouble 3815538 128354959296.6318 ] \ S ,l
| second valueInteger 8885 45539 - 2 STl )\
muI valueDouble 15551 15551.0008 [ =~ 90000 connection ; % s
KA valueString 3606 3606 . . . B o P A N\ i s
; \ : e A
ZEero valueInteger 3606 4gola / ObJeCts (pOtentlal UnItS) 2 Jﬁ«\‘ s @“},é Sl "’:i -
first valueInteger 1124 3142 RN o ‘.‘w\“ 2 A1
P valueBoolean 17} 12 . S
12 OLT options ¥ Y
i
(access, backhaul) Sedi ]
_________________________________________ ; N =X
graph BaseData: link attribute character: i - x\&\n N AN,
attribute type wvalue type #links mi é:_.ju'.‘_-ﬁ,. ; 1
_____________________________________________ W BT ' ;
s iy
1 valueDouble 547096 ©.108 Bot 5. y v T
L valueString  5U7096 & -_
I valueString us613 graph BaseData: characteristics |
tI valueString wes13 \ | N KIWEZ N A LA SsSyesll--———— |
rhol valueDouble 46613 B.o. .. | property walue meaning |
c valueString 22001 - I~ =309 km existing and 1480 km usable [~ e e e |
tC ua{ueStr‘ing 22881 - infrastructure : tlii]i‘ected false - ) . ) :
nuc valueInteger 22001 2 | ; v 381558 number of nodes
| 1E]| 547096 number of links |
e
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Decison complexity - real world data

.EDGE [44591]

- dlpha = 44509 o
.. omega = 44510 \ o P

.. [1] 2.5 L o

.. [L] Querung_strassenanlage

. [€] 1004965111 1004971195 1006413522 1006416078 1006530489 10 7
tC] Bestandskabel_4 Bestandskabel_36 Bestandskabel_36 Bestar
nuC] 4 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 I 9

I] 1004144792 1004144797 1004144798 1004144799 1004144800 L

~[rhoI] 2 O 00 0CO0CO0O0CO0DOO0OC0CO0O0CO0ODOCCOO0O0OO0O0GO0O0O0S5 S
.. [KA] 215414 215412 215372 215374 215318 215320 215328 2153,

tI] HZ K104 K104 K104 K104 K104 K104 K104 K104 K104 K104 KI1C [

- [Cdash] 1004477336 1004477336 1004477336 1004477336 1004477
-~ [1dxcdash] 65 &8 133 117 113 129 118 121 114 112 118 120 17 © |
- rhoCdash] 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
, 0b
o
Q 9 °
o
Q
o @ _ ]
MWODE [58078]
.. [easting] O
T  i.[northing] 238775.35
L. [First] 3
e}
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existing fiber infrastructure

usable infrastructure (empty pipes ...)

copper infrastructure

o o]

..... [easting] -17.52

..... [northing] 338803.77
..... [zero] 5

..... [KA] 215727

L J

5 PUO (potential

3 PU1 (potential units

_NODE [58638) q ) | |
1st level unshared i..[easting] -55.83 units zero leve ,
! ... [morthing] 338811.19 _s DSLAM |
fibers) . [second] 1 , ® supply)
o re o o
) . 1 PU2 (potential unit

2" Jevel, shared
. fiber)



Network design layout

access gpon (point 2 multipoint) access pon (point 2 point)

1PU2 1PU2

10NU2 1:1 10NU2 1:1
1PU2

backhaul

—
=~
|_—Splitter N 11 2 PUL

10NU1 1:2
S~ oLt fiber distribution
4 < access i
s EDQ ) network et
30NU21:4 N g/sp“tter

10NU2 1:1 1PU2
10NU2 1:1 2 PU1
1 ONU1 1:1

N===== 2 PU1
|l|}_r——— 1 ONU1 1:2
i : 4 PUO (KA)
|::, 10NU2 1:4
_________ | |
_________ |
Eﬁ ==E=E=E=EY_ ____________________ N EJ
\\! ————————————————————————————————————————
/ \
ARU
/ \
MDF /14 N\
S N
fiber — — — — copper twin wires 2 PUO (KA) 2 PUO (KA)
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OLT
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... but note:
everything here
(components,
distribution levels,
network topologies
...) might be
influenced by the
user!
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Design workflow

Generic NGA Solver
Data container
Preprocessing
(Filtering, unit length
fiber costs, ARU B
options,...) -
XML g;,r
>
Q
- =
Metaheuristic control : >
> (managesnetwork | N g
dependencies) Q
N XML | D
‘é XML
5 Network graph 3 > Assign ment Model < *B
o (spatial layout, quota) >
o
Z AN Graph-Generator AN XML §
© A . 1%}
8 She'lpe (rulg based o > ML o
< -File maschine leaming) @
3 Fiber Model ) g
Cé“ » (layout of fibers and fiber « N
g AN AN distributing components)
XML
XML
A 4
Solver parameter Cable MOdEI . 3rd party MILP solver
| (layout of fiber optic | MILP Handler
g cables and cable N .
L— | (middleware, handles -5,
distributing components GUROBI
g compo ) MILP solver API) . OETIMIZATION
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Assignment model
A\\l access ne'c[\\]Norks

 computes spatial layout of RS
networks: | )

* which access network supplies
which potential unit

e which backhaul network
supplies which access network

———

-

 Steiner forest problem

e guota constraints (percentage
of potential units per level)

e capacity constraints (number of

backhaul network

potential units per level is Ny
restricted per network) o

28.10.2025
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Assignment model ILP

C h ara Cte r|st| CS: arc length fiber costs
* multicommodity flow formulation on / binary supply decision for arc

augmented network min » k.z. such that
 commodity classes are levels of c<k / binary supply decision for node

potential units Y dupr = qudp fork € K
* network capacities correspond to inflow “="'" " quota of commodity class

restriction for OLT options, i.e. Y z.<lforvelV

. i eco (v)

fe,k < Puw(e)kif e € 6" (?“) ‘ ‘ .

v\ orovision of commodity T, < Z foer < Mx, foree E with M = Z d;,
class on end node of arc (=OLT-option) keK keK

. Z fer — Z fer =dypz, forveV\{r} and k€ K

Solving model directly on graph A= vl :
(populate and solve) usually fails (there \ ool reot node
is a Steiner forest problem inside!) flow of commodty class along are

28.10.2025 9
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Start ILP for assignment model

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

| [vi 285255

| |E] 3768793

| IFI 59167

{ IHl ®

| F ... edges in feasible supply tree

| H ... edges in enhancement of feasible supply tree initial Steiner forest

28.10.2025 | e —— e —————————————— 10
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iteration:
1. enhance skeleton - e.g. bypass
the skeleton (by cost driven S
search) R T
kY
//)

— \ Yy i 7

| Ivl 25255 L } ‘

| IEl 378793 F X .

| IF] 59187 , : ..

| IHl 15776 : A\ A T
|~

| F ... edges in feasible supply tree enhancement of skeleton
| H ... edges in enhancement of feasible supply tree feasible Steiner forest

enhancement of feasible Steiner forest

11
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Start ILP for assignment model.

ff?;ad
)

iteration:

(re)solve ILP gn-the enhanced

based on ILP solution

3. go backto 1, until the skeleton
becomes Stﬂrar‘iable starts are feasible at objective 1778493.4U6 “GUROBI\

OPFTIMIZATION

# vars = 196327 (# fixed = 22555, # starts = 196327); 3
# constr = 2855308; status = loaded; sol count = 8

[GRE] Nodes | Current Node | Objective Bounds | Work

[GRE] Expl Unexpl | 0©Obj Depth IntInf | Incumbent BestBd Gap | It/Node Time

[GRE]

[GF}’B] e B 876964.403 B 21081 1775103.00 876964.403 50.6% - 75 w

[GRE] 324 234 1233865.081 23 31196 1441940.23 1230817.76 11.2% 153 600s /L—/

o

28.10.2025 12
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Assignment model - infeasibilities

user upper bounds for commodity provision and/or skeletonization may
contradict to quotas =2 relax model and prove feasibility of current skeleton

... good quality relaxations are provided by'grb. feasrelax ). you can
even select the relaxation criterion!

o e e e e s |
/////;7c1355 pAttr |[P| total provision v in P p( dittr quota quota * total demand supplied demand actual guota |

| first p({first) 11 7788 17611 788 \d(first) 8.482618 1265. BB0868a 1265 9.402610 |

| 258502 I
: quotas (originally 1.0) have been relaxed

| 378886 |

| second p(second) 11 7700 17611 d(second) ( ©.150618 6859.000000 6859 0.150618 |

| 258502 I

MILP start and solving ...
check starts for all model wvariables ...
| [GRB]Gurobi Optimizer version 12.8.1 build v12.8.1rc@® (win6d - Windows Server 2819.8 (17763.2))

: e/
| [GRE]User-callback calls 31, time in user-callback ©.88 sec L\ EPHMEQEJ
variable starts are feasible at objective 437354.485%361111

28.10.2025 13
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Fiber model - specification

computes fibers and fiber- core-net POP (0-level ;
distributing components on E
1st-level PON fibers B
network trees under (backhaul network) 2
CO n S I d e rat I O n Of d e C I a re d gt:-level in backhaul network; 0-level in access network) _
E& \,i j _
* network to pPo | Ogles 15t"(ef‘;:£tg:t£2‘:'{3 ;S:efc‘elf LZSul:loTl?)ers (1fst-ldeve| Pon fill(a)ers
e distribution levels x Lt tevel fiber
1st-level splitter Eﬂ 11 :i:t:ibutlifc; @
® cabinet ARU (for zero-level
CO m p O n e ntS sndlevel GPON fibers Ind-level PON fibers potential units) %;
. . eeder networ (drop network, supply length 2
and yields consistent up- feedernemerd | | resiced
/downstream fiber paths 2ndlevel siiter /1.0 \ Q
second-level ONU
(for 1st-level potential units)
3rd-level GPON fibers
(drop network, supply length +
restricted)
3rd-level ONU
(for 2nd-level potential units)

28.10.2025 14
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Fiber model - MILP

muIticommodity flow Forne{p,gt,veVandli=1,...,0"+1 do

formulation with Z <

(Cl_

Forn € {p,g},l=1,...,1" + 1 and pairs of antiparallel arcs (e¢,€e') € E x F do

. [fiber requirements}

ﬁpi + f_:?,f <1 € prohibits back-feeding at the same network level

e component requirements For n € {p, g} if I" > 0 then for v € V\ {r} do
oot >0 = Y w Y s
esd™ (v) ecd™ {1\1 t=§0DSm,1 t=§0DS n,1

. [distance requirements ]

fiber termination at network level

Forne {p,g},veVandl=2,...,1" do

7,1 .l n,—1 .l n
o= > < > Oy ™ — > uni— Y msyp
\ ecdT(v) e=d— (v) fESO‘US'”!'E 1 tESOUS’n L _SOLJS,HI

For n € {p, g} and if I" > 0 then for v € V W —

dm [ dn,! (1 o qﬂ--,i) I
) n, "+ 1 I+ " n :
V< (1 DI SR U P SR R S

— ) t=SO0DSn Im e SONUn fcSONUn

Forne {p,g}, l=1,...,0" veV\{r}and e € (v) do eso™(v) eco™(v)

/For nedp,gl,l=1,...,0"andv eV do

fiber origination at network level

dnt > (ii[fp ) [t | nonlinearity

28.10.20&‘3‘ /\




28.10.2025

Start MILP for fiber model

... solving model directly on
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network (populate and solve)
comes sometimes with poor
performance ... (its hard to find
a first incumbent)

ONU
L= 3= distribution level I = 0,---, [®F" + 1

-------- component levell = 0, -, [e% 4.1

___________________

subnetwork level I = 1, -, 1% + 1

maximum subnetwork supply

... initial guess by bottom up
setcovering approach (i.e.
cover components of

. knl 3 _ kn
distance dy; ;oL = 1,---,1

____________________ fiber/cable level = 1,---, 15" 41
subsequent network level by
e ol o nianinde o 1)
variable starts are feasible at objective 458265.33386111 ‘ GUROBI\

COMpOoNE

solve MILP for HdlrBaseDataNetwAccess258582FiberMdl ...
| solve model HdlrBaseDataNetwAccess258582FiberMdl --> # vars =

| obj = 458265.333861 (gap = 71.821790[%], rem. time =

model solution exists; objective = 443534.853194443; solver status

X

154798 (# fixed = 12952, # starts =
585.56, mean objDiff = NaN%)

154798);

= time_limit; gap = ©.262776018640498

/

16
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Fiber model result

... just for one access network (note: we have 12 networks in this example instance!)

';‘&fp/( .NODE [310404]
: = Coot J997 (n =pon- ] = 2: T =

\&/ LTI = Fbr_9822 (n = pon; 1 = 2; cmpt
p s

B R . T L e e U P i L
EDGE [285716]
.. T = Fbr_123276 (n = gpon; 1 = 1;
_f = Fbr 12377 (g = goops 1 = _1;:
..f = Fbr_978 (n = gpon; 1 = 2; ¢ = chl_863) | i e B—
..T = Fbr_5762 (n = gpon; | = 2; ¢ = CbI_1048) ¢} \ A } » ?.T',

e ey A [ ed B [139365 ]
‘x: ,vg% - ::'n L =Cmpt 191 (n = gponi 1 = 2: T = ONUSecondl evel)
LTI = Fbr_978 (n = gpon; 1 = 2; cmpt = Cmpt_191

R — S;/\_gr s

Ch1_2493) ; - EDGE _[4752121]

R E 1 i = Fbr_982z (n = pon; 1 = 2;

g

I TR

SPTTT T ik A

X /Q G5(‘."..(3:5""(. P
.NODE [288858] i M
.. CMPpt = Cmpt_2288 (n = gpon; 1 = 1; t = Splitter 1zule) -\ A0 77 Qoo ML R W, B liia oy om0t 0 1 O RN e > 3 &
I = Fbr_12376 (n = gpon; 1 = 1; cmpt = Cmpt_2288) I NODE [359576]
.1 = Fbr_12377 (n = gpon; 1 = 1; cmpt = Cmpt_2288) -@.\'g ..Ccmpt = Cmpt_2224 (n = pon; 1 = 1; t = Fasernverteiler 1)
..f0 = Fbr_137 (n = gpon; 1 = 2; cmpt = Cmpt_2288) I . FI = Fbr_12011 (n = pon; 1 = 1; cmpt = Cmpt_2224)
..T0 = Fbr_974 (n = gpgn; 1 = 2; cmpt = Cmpt_2288) F .. TI = Fbr_12012 (n = pon; 1 = 1; cmpt = Cmpt_2224)
.0 = Fbr_975 (n = gpon; 1 = 2; cmpt = Cmpt_2288) .. FI = Fbr_12013 (n = pon; 1 = 1; cmpt = Cmpt_2224)
..T0O = Fbr_976 (n = gpon; 1 = 2; cmpt = Cmpt_2288) --FI = Fbr_12014 (n = pon; 1 = 1; cmpt = Cmpt_2224)
) = Fbr ar7 [p = goon. 1 = Sooi = oot 22 ..FI = Fbr_12015 (n = pon; 1 = 1; cmpt = Cmpt_2224)
I fOo = Fbr_978 (n = gpon; 1 = 2; cmpt = Cmpt_2288) ® .. FI = Fbhr_12016 (n = pon; 1 = 1; cmpt = CmMpL_2224)
10 = For_1Tel (n = gpon; | = £, cmpf = Cmpt_Z2Z88) x{’}b .. T = Fbr_276 (n = pon; 1 = 2; cmpt = Cmpt_2224)
..TO = Fbr_5159 (n = gpon; 1 = 2; cmpt = Cmpt_2283) R .. fO = Fbr_3187 (n = pon; 1 = 2; cmpt = CmMpt_2224)
..T0 = Fbr_5160 (n = gpon; 1 = 2; cmpt = Cmpt_2288) .. T = Fbr_3997 (n = pon; 1 = 2; cmpt = Cmpt_2224)
..f0 = Fbr_5161 (n = gpon; 1 = 2; cmpt = Cmpt_2288) GPON access network PON access network 0 = Ehr cons fmo= pon: 1 = 2 conr = Coor 2o0a)
- T0 = Fbr_5162 (n = gpon; 1 = 2; cmpt = CmMpt_2288) .I.ﬂ:l = Fbr_9822 (n = pon; 1 = 2; cmpt = Cmpt_2224) |
network level 1 === network level 1 = ; i =
f0 = Fbr_5163 (n = gpon; 1 = 2; cmpt = Cmpt_2288) ‘ . .10 = Fbr_9912 (n = pon; | = 2; cmpt = Cmpt_2224)
= network level 2 = network level 2 ‘ SR 07 O W/ 0.1
28.10.2025 & 17
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Cable model - specification

|PON,1 =1 o
... computes cables and zero level OLT .
[ ] [ ] L] s
cable dlstrlbutlng 1st level cable (PON) %
1st level optical distribution system Tg
components on network (fiber distribution cabinet, ...) %
trees under consideration ancevel cable (PON fbers) | 2nd evel ONU (backhaul ntwork 8
zero level OLT (access network)
of > =
|GPON,0 =2 |PON,0 =1 ] a
. . . 1st level cable (GPON fibers) ] 1st level cable (PON fibers) ° %‘
* fiber information o g3
v = Y O c
1st level optical distribution system [1 g ~ 1st level optical distribution system - -
o CO m p O n e nt ty p eS (optical splitter, ...) qé g (fiber distribution cabinet, ...)
AR gx
. . (] - =
¢ exi Stl ng an d usada b I e 2nd-level cable (GPON fibers) % % 2nd-level cable (PON fibers) g ?, ‘;:
. a | & a < §
infrastructures . |°|3 | }
2nd level optical distribution system [1 % - S
. . (optical splitter, ...) — @ @ ©
and yields a consistent S« 2nd level ONU 2nd level ARU
. _ > (1st-level potential units)  (;aro-evel potential units)
downstrea m ca ble paths 3rd level cable (GPON fibers) l § .E
(G}
3rd level ONU 3rd level ARU
(2nd level potential units) (zero-level potential units)

28.10.2025 18
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Cable model
model model
NG
N g

... downstream cable paths via cable thread f N
distributing components which are el | N
consistent to the already know fiber paths model l'% .
and consideration of existing infrastructures o AN
— to much complexity just for one model; O

hence perform bottom up local modelling:

thread

* for all network topologies k

()
* for all network levels | in topology k ocal
* for all nodes in network segment | o
and topology k, sorted towards the o P
upstream direction ., //
* do local cable modelling on - U 4
node and its unique ingoing arc d ’//oca/ d_ f

28.10.2025 19



Local cable model (just some data)
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(99.83%) v = 258584 [secure mode = false, # decvar = 114, # constr = 284, status = optimal, solution exists = true, obj = 41860.860088, gap = ©.888880, cpu = ©.006068]
Ay o o o R R R A A A A R o o o o R AT A AT A A R o o o o oA AT A A A A o o o o o oA AT A A A A o o o o o R A A A A A o o o o o oA A A A A A o o o o o AT A A A A A o o o o o A A A A A R o o o o o A A A A A R o o o o o A A A A A o o o o o oA A A A A A o o o o o oA A A A A A o o o o o oA A A A A A o o o o o oA A A A A A o o o o o AT A A A oA A o o o o o R0 R0 R R R R R R
* DEBUG: v = 354816
;;;;:*ttt*ittt***ttt*iti 119fibers Whl,ch have tO been insta//ed I,n Cab/e Systems WA A AT R o o o R R A A A A A R o o o o R AT A AT A A o o o o o oA A A A A A o o o o o oA A A A A A o o o o o oA A A A A A o o o o o oA A A A A A o o o o o AT A A A A A o o o o o R0 R0 R R R R R R
e = 4622u5 = delta_Minus 7 usable infrastructures in which cable systems
: ;F-El ? 119 } / may be installed or not
_e = -
| J_e = {1024977662 [t=Kled, rho=8.5, kappa=8.81, comesfrom=ExistingUsableInfrastructure]
| 1826863U99 [t=K184, rho=0.166666666666667, kKappa=0.81, comesfrom=ExistingUsableInfrastructure]
| 1093803560 [t=PE36, rho=0, kappa=0.01, comesfrom=ExistingUsableInfrastructure]
| 1093803561 [t=PE28, rho=08, kappa=0.081, comesfrom=ExistingUsableInfrastructure] L. : . .
| 1093803562 [t=PE28, rho=08, kappa=0.81, comesfrom=ExistingUsableInfrastructure] 1 eX’Stmg cable 5y5tem (darkf/bers) and its allocation rates
| 1093803572 [t=PE36, rho=08.33, kappa=0.01, comesfrom=ExistingUsableInfrastructure] ‘//
| TRENCH [t=TRENCH, rho=8, kappa=88, comesfrom=Trenchingl}
| C_e = {Mikrokabel [tau=Mikrokabel, kappa=1, nu=12, rho(1824977662)=0.8208333333333333, rho(10268563499)=0.0208333333333333, rho(1693803560)=0.125, rho(1893803561)=8.25,
| I_e = {cbl_up2245_1 ... cbl_uds22u45_119}
delta_Plus = {723687 723688} ¥~ 119 cable system options which have to been typed or not
e+ = 723687 in delta_Plus, |F_e+| = 18
e+ = 723688 in delta_Plus, |F_e+| = 181

M_v = {mfl_354816_1 ... mfl_354816_119} «—— 119 muffle options which have to been typed
C+ = {cbl_723687_1 [t=Mikrokabel(tau=Mikrokabel, & = = —T= -

F={Fbr_5596}1

28.10.2025

cbl_723687_2 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1826863u499(K164), F={Fbr_1115}]

cbl_723687_3 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1826863uU99(Kle4), F={Fbr_8918}]

cbl_723687_4 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1826863u99(K164), F={Fbr_1118 Fbr_1119 Fbr_1128 Fbr_1121 Fbr_1122 Fbr_1123 Fbr_1124 Fbr_1125
cbl_723687_5 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1826863uU99(K164), F={Fbr_1358 Fbr_1359 Fbr_1368 Fbr_1361 Fbr_1362 Fbr_1363}]

cbl_723687_6 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1826863499(K104)}, F={Fbr_229}]

cbl_723688_1 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1163175695(PEU2), F={Fbr_8518 Fbr_8511 Fbr_8512 Fbr_8513 Fbr_8514 Fbr_8515}]

cbl_723688_2 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=11083175695(PEU2), F={Fbr_u4289% Fbr_u298 Fbr_u291 Fbr_u292 Fbr_u293 Fbr_u29u Fbr_u295 Fbr_u296
cb1_723688_3 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=11083175695(PE42), F={Fbr_8835 Fbr_8836 Fbr_8837 Fbr_8838 Fbr_8839 Fbr_s8su@ Fbr_ssuyl}]
cbl_723688_4 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1183175695(PE42), F={Fbr_3728 Fbr_3729 Fbr_3730 Fbr_3731 Fbr_3732}]

cbl_723688_5 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1183175695(PEU2), F={Fbr_3739 Fbr_3748}]

b

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

cbl_723688_6 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=11083175695(PE| further downstream originating cable systems and their installed fibers
cbl_723688_7 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=11@31??{2€ (already taken decisions in the bottom up prOCESS)

cbl_723688_8 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1183175695(PE
cbl_723688_9 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1103175895(PEU2), F={Fbr_9683}]

_ _ 251 Fbr_252
cbl_723688_18 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1103175695(PEU2), F={Fbr_1364}]

cbl_723688_11 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1183175695(PEuY2), F={Fbr_uee67}]

cbl_723688_12 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1103175695(PEuU2), F={Fbr_9292}]

cb1_723688_13 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1183175695(PEU2), F={Fbr_3871}]

cbl_723688_14 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1103175695(PEU2), F={Fbr_231 Fbr_232 Fbr_233 Fbr_23u4 Fbr_235 Fbr_236 Fbr_237 Fbr_238 Fbr_239 Fbr_2ug
cbl_723688_15 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1103175695(PEU2), F={Fbr_255 Fbr_256 Fbr_257 Fbr_258 Fbr_259 Fbr_260 Fbr_261 Fbr_262 Fbr_263 Fbr_26u
cbl_723688_16 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1183175695(PEU2), F={Fbr_3859 Fbr_3060 Fbr_3861 Fbr_3662 Fbr_3063 Fbr_3864 Fbr_36865 Fbr_3866 Fbr_386
cbl_723688_17 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1103175695(PEuY2), F={Fbr_363d Fbr_3835}]

cbl_723688_18 [t=Mikrokabel(tau=Mikrokabel, comesfrom=Parameter, nu=12), j=1103175695(PEuY2), F={Fbr_3037 Fbr_3038 Fbr_3039 Fbr_3048 Fbr_364l Fbr_3e42 Fbr_36u43 Fbr_3eu4u Fbr_3oeu

... 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:

solve model HdlrBaseDataMetwAccess258502_gpon_2_MdlBinary_35U816 —-= # wvars = T7U6 ‘ g;p';ljﬁzglgf
(# fixed = 0, # starts = 8); # constr = 1373; status = loaded; sol count = 8 _ o
model HdlrBaseDataNetwAccess258502_gpon_2_MdlBinary_354816 solved; obj = 102.424808, gap = ©.000000, cpu = 0.016008

... but note - quiet a lot of them have to be solved (in this instance
approx. 40000 ones!)
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Cable model result
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. just for one access network (note: we have 12 networks in this example instance!)

: N

EDGE [278812] | E

i.T = Fbr_12380 (n = gpon;
ilLc = cb1_2494 (n = gpon;

—————— e

chl_z494)
= Minikabel_12; j = 1025432424)

gy ,XW\” -

ek

EDGE _[279324]

B

GE 1357337

i T = Fbr_11168 (n = pon; 1 = 1; c = Cb1_410)

M =Chl_410 (n=pon; 1 = 1; T = Minikabel_12; j = TRENCH)
B

Jf = Fbr_11168 (n = pon; 1 = 1; c = Chl_488) |

it = Fbr_11172 (n=pon; | = 1; € = Chl_492)

..... = Ch] 492 (n = pon: 1 = 1: t = Minikabel 12: § = 1031927193)
=cChl_488 (n=pon; 1 = 1; t = 1032064409; j = 10320544091

———— —

== E....1= = Fbr_12079 (n = gpon; 1 = 1; ¢ = Cb1_26589)

4
1

Fbr_12380 (n

I
=
[l

i

gpon; 1 = Cb1_26839)

.. f = Fbr_12438 (n = gpon: 1 = 1; c = Cbl_2689)
€ = Cbh1_2689 (n=gpon; 1 = 1; €

NODE [321838]

rrrF1 = Mf1_226 (n = gpon; 1 = 1; t = MFIMinizMini) f
{.cI = Cb1_2683 (n = gpon; 1 = 1; t = Minikabel_3&; mf1 = Mf1_226)/¢
..c0 = Cbl 2687 (n = goon; 1 = 1; t = Minikabel 36: mf1 = Mf1_226] |
i.c0 = Ch1_2494 (n=gpon; 1 = 1; £t = Minikabel_12; mf1 = Mf1_226)

GPON access network
network level 1
= network level 2

T ;

28.10.202
P

e

i = MF1_39 (n =pon; 1 = 1; t = MFIBestand2Mini)
| = Ch1_488 (n = pon; 1 = 1; t = 1032064409; mfl = MF1_339)
1 C.G =,Cb1_ 4%0 { =7;:H:|n:11‘ = 1 t = |'-'||1r1'|k.abe1 12: mfl = M1 _39

i
I E
= Minikabel_36; j = 1026801110) 5: j =

PON access network
=== network level 1
= network level 2
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Overall performance

... considering the sketched example with ~
characteristics | SOLVER START (5/29/2024 11:42:34 PM)

# node = 381558 | o

# edges = 547096 | assignment model (5/29/2024 11:45:41 PM)

# connections nodes (PE1 / PE2) = 1124 / 8885 | oo m e ool

# potential units (PE1 / PE2) = 3142 / 45539 assignment model time (two hierarchies) = approx. 11
# computed access networks = 11 min

# distribution levels per access network = 2 e
network topologies per access network = PON, GPON I initialize network handler (5/29/2824 11:56:57 PM)

# computed backhaul networks =1 fiber and cable modelling on 12

# distribution levels per backhaul network =0 networks = approx. 101 min

network topologies per backhaul network = PON | o mm oo

platform = Intel(R) Core(TM) i9-10900K CPU @ 3.70GHz T

10 physical cores, 20 logical processors hrs =1
min = 54
sec = 29

... but note, that this one of the largest instances ... typical instances are computed
within minutes ...
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What's the conclusion of all this
modelling?

Gurobi Optimizer, as a third party solver for local modelling, is a useful and
powerful tool which saves a lot of work ...

...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 ....

24



MILP solver middle ware

... 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)

e 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!)
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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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