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Abstract

Power grid long-term planning considers the problem of
transforming a power distribution network from an initial
configuration to a target one while preserving structural va-
lidity throughout the transition. We formalise this task as
the Distribution Network Transition Problem (DNTP), a con-
strained graph transformation problem in which all interme-
diate networks must satisfy global topological properties, in-
cluding radiality and robustness to failures. To address this
task, we propose a planning knowledge model of DNTP in
which network modifications are represented as actions and
global constraints are captured declaratively. The resulting
formulation is modular, separating local transition dynamics
from global invariants, and ensures that only valid interme-
diate configurations are reachable. The proposed approach
is evaluated on representative instances to analyse its com-
putational behaviour and the impact of enforcing different
classes of constraints. The results indicate a trade-off between
compliance guarantees and solvability, and suggest that re-
laxed models often suffice in practice, paving the way for
approaches that generate candidate solutions efficiently and
validate them a posteriori.

Introduction

Electricity distribution networks are evolving due to the in-
creasing penetration of renewable energy sources, the elec-
trification of demand, and the deployment of smart grid
technologies (Gonen, Ten, and Mehrizi-Sani 2024; Fang
et al. 2011). As a result, power grid long-term planning
has become a central task for Distribution System Opera-
tors (DSOs), who must determine not only suitable target
network configurations but also how to transform existing
infrastructures to reach them while maintaining operational
reliability (Conejo, Carrion, and Morales 2010; Khator and
Leung 1997; Sultana et al. 2016).

Power grid long-term planning is inherently a multi-stage
and multidimensional process that is currently performed
manually by domain experts. In practice, DSOs define a
target network configuration based on forecasts of demand,
generation, and quality-of-supply requirements, and then de-
termine a sequence of infrastructure interventions, such as
line constructions, removals, and switch reconfigurations,
to transition from the current topology to the target over
a multi-year horizon. Each intermediate network configu-
ration remains in operation for extended periods and must

therefore satisfy stringent operational requirements. In par-
ticular, all customers must remain supplied throughout the
transition process: under normal conditions the network op-
erates in a radial configuration, while under contingencies it
must remain reconfigurable to restore supply after failures
(Guo et al. 2016; Castelli et al. 2024).

Despite the multidimensional nature of long-term plan-
ning, which involves economic and electrotechnical aspects,
the feasibility of any transition ultimately rests on a fun-
damental combinatorial problem: transforming one network
topology into another through a sequence of admissible
modifications, while preserving global structural invariants
at every intermediate step. These invariants, most notably
radial operation and robustness to single failures, define the
space of permissible configurations and determine whether
a transition is viable in the first place. If this discrete layer
is not explicitly characterised, higher-level reasoning about
economic or electrical feasibility necessarily operates over
an incomplete or invalid transition space.

In this paper, we formalise this discrete core as the Dis-
tribution Network Transition Problem (DNTP) and propose
a classical planning approach to address it. Our method
models the transition process as a planning problem, cap-
turing structural constraints inherent to distribution network
topology while ensuring topological feasibility of the result-
ing plans. We present an empirical evaluation analysing the
computational behaviour of the approach across a range of
realistic scenarios, highlighting its potential as a structured
tool for reasoning about the evolution of power distribution
infrastructures.

Classical Planning with Axioms

Automated planning concerns the synthesis of action se-
quences that transform an initial state into a goal state un-
der a formal transition model (Ghallab, Nau, and Traverso
2016). In its classical formulation, planning assumes a
fully observable and deterministic environment where states
are represented compactly by propositional variables. Over
time, the classical framework has been extended with ex-
pressive modelling features (Speck, Seipp, and Torralba
2025), including conditional effects (Nebel 2000), state-
dependent action costs (Speck et al. 2021), and axioms
(Thiébaux, Hoffmann, and Nebel 2005). In this work, we
adopt classical planning with axioms (Speck et al. 2019).



Axioms introduce derived variables whose truth values
are defined declaratively from base variables. This enables
complex properties to be encoded without simulating them
through additional actions or variables. Without axioms,
such properties would require cumbersome encodings that
substantially increase model size and may incur exponen-
tial compilation overhead (Thiébaux, Hoffmann, and Nebel
2005).

A classical planning problem with axioms is defined as
atuple II = (F,D, X, A I G). F is a finite set of base
variables. A state is a set s C I representing the variables
that are true in that state. D is a finite set of derived variables
suchthat FND = 0. Let L(FUD) ={p,—p|peFU
D} be the set of literals over base and derived variables. An
axiomr € X is arule of the form r := d < ¢, where d € D
is the head of r and ¢ is a propositional formula over literals
in L(F'UD), referred to as the body. Axioms define the truth
values of derived variables that are not part of the state as a
function of the current state and the axiom set X. The set
A is a finite set of actions. Each action ¢ € A is defined
as a pair a = (pre(a), eff(a)), where pre(a) C L(F U D)
specifies the preconditions of a and eff{a) C L(F') specifies
its effects. The positive and negative effects of a are defined
as eff "(a) = {p | p € eff(a)} and eff (a) = {p | —p €
eff(a)}, respectively.

The initial state is given by a set I C F'. The goal condi-
tion is a set of literals G C L(F' U D).

We assume that the set of axioms X is stratified. This as-
sumption guarantees that, for every state s, the truth value
of each derived variable is uniquely determined (Apt, Blair,
and Walker 1988; Thiébaux, Hoffmann, and Nebel 2005).
Given a state s, the closure of s under X, denoted by
%x(s) C F'U D, is obtained by evaluating the axioms layer
by layer according to the stratification. The closure €’x (s) is
called the extended state of s.

Given a state s and a literal £ € L(F U D), we write
Cx(s) = Liff £ = pand p € €x(s), or £ = —p and
p & €x(s). For a set of literals L C L(F U D), we write
€x(s) = Lif €x(s) = £ holds for every £ € L. An action
a is applicable in a state s if €x (s) = pre(a). Applying an
applicable action a in s yields the successor state (s, a) =
(s \ eff (a)) Ueff"(a). The corresponding extended state is
Gx(1(s,0)).

A plan for II is a finite sequence of actions 7 =
(a1, ...,an). The plan 7 is valid if, starting from the initial
state so = I, there exists a sequence of states (s1,...,Sy,)
such that foralli = 0,...,n — 1, €x(s;) E pre(a;+1) and
Si+1 = Y(85,a;41), and €x (s,) | G. The cost of a plan 7
is defined as |7|. A plan is optimal if, for any other plan 7/,
| < |7

Hereinafter, to simplify the notation, 1I =
(F,D,X,A,I1,G) will be denoted more compactly as
II = (F,X,A,I,G), leaving the set of derived variables
implicitly defined as D = {head(r) | r € X}, where
head(r) denotes the head of rule r.
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Figure 1: Medium-voltage distribution network supplied by
two primary substations (black squares) feeding intercon-
nected feeders (blue lines) and secondary substations; purple
circles represent secondary substations equipped with two
normally closed switches (NCS), while green circles denote
secondary substations equipped with one NCS and one nor-
mally open switch (NOS) used for radial operation and re-
configuration. In this work, we treat both types of secondary
substations uniformly, and represent their operational differ-
ences through the status of the network edges (open, close).
(Figure adapted from (Castellanos, Alvarez-Herault, and La-
landa 2023).)

Research Context

Urban electrical distribution networks are commonly de-
signed are commonly designed according to a secured feeder
architecture (see Figure 1) (Gonen, Ten, and Mehrizi-Sani
2024). In this architecture, primary substations act as the
supply points of the medium-voltage network, injecting
power into the system through main feeders that intercon-
nect substations and supply multiple secondary substations.
These secondary substations serve local areas and include
distribution transformers that step down the medium-voltage
level to low voltage for end users and are equipped with
switching devices that enable operational flexibility.

Each secondary substation is connected to a feeder
through two switches: normally closed switches (NCS),
which allow power flow under normal operating conditions,
and normally open switches (NOS), which remain open to
enable network reconfiguration when contingencies occur.
The secure feeder architecture operates according to a radial
structure under normal conditions, enhancing supply relia-
bility. This radial configuration is ensured by maintaining
exactly one normal open switch (NOS) along each feeder,
with all other switches closed (e.g.. each secondary substa-
tion is supplied from exactly one primary substation through
the active network). When a fault occurs, switching opera-
tions allow the affected section to be isolated and service to
be rapidly restored to downstream customers via alternative
feeder paths during repair operations. These structural prin-
ciples constrain admissible network topologies.

Infrastructure modifications in distribution grids are ex-
pensive and difficult to reverse. The cost of a single power
line may range from 50 K€ to 200 K€ per Kilometre,



depending on technology (overhead vs. underground), ca-
ble type, and local conditions (rural, semi-urban, or urban).
At the scale of a national distribution system such as the
French network, which extends over approximately 1.4 Mil-
lion Kilometres, even minor changes can result in significant
investments. Consequently, DSOs aim to minimise devia-
tions from the existing infrastructure, favouring incremen-
tal and targeted interventions (Conejo, Carrion, and Morales
2010).

To ensure that intermediate network states remain oper-
ational during the development phase and to prevent ineffi-
cient resource allocation, grid operators typically follow es-
tablished planning rules. Based on expert interviews with
French DSOs and secured feeder design principles, Castel-
lanos, Alvarez-Herault, and Lalanda (2023) identified the
following structural and operational rules that govern admis-
sible intermediate networks:

R1 There is no closed loop between two primary substations;
that is, a normally open switch is required to ensure radial
operation, meaning that each secondary substation in the
network is supplied by exactly one primary substation.

R2 The network must be able to withstand a failure of a sin-
gle component, ensuring that a radial configuration, in
which all secondary nodes remain supplied, can always
be restored via switching operations (opening and clos-
ing lines). This is referred to as the N—1 reliability cri-
terion (Commission 2017).

R3 For urban areas, the number of connections of secondary
substations is between 2 and 3.

R4 Only lines belonging to the target network can be created,
and only lines not belonging to the target network can be
removed. These operations are irreversible, e.g., a line
cannot be removed and later re-added.

R5 There is only one connection between two nodes (distri-
bution/source).

Problem Formalisation

We model the discrete core of long-term distribution net-
work planning as a constrained graph transformation prob-
lem. Starting from an initial network, the goal is to reach a
target one through admissible edits while preserving struc-
tural validity at every intermediate step.

Definition 1 (Distribution Graph). A distribution graph is a
tuple G = (V, E,0), where V.= Vp U Vg is the set of sub-
stations, partitioned into primary substations Vp and sec-
ondary substations Vs, with Vp N Vs = 0 and |Vp| > 2;
E C (‘2/) is the set of undirected lines; ando : E — {T, 1}
labels each line as closed (T ) or open (L). The active dis-
tribution graph induced by G is G' = (V,ET), where
ET={e€FE|o(e)=ThL

For v € V, let degg(v) denote its degree in G. We write
u ~+g v when u and v are connected in G, and u ~>gT v
when they are connected in G T,

Definition 2 (Radial and N—1 Compliant Distribution
Graph). A distribution graph G is radial iff G' is a forest

and every connected component of G contains exactly one
primary substation.

Let f € Vp U FE be a fault. If f € Vp, the faulty primary
and all its incident lines are removed; if f € E, only that
line is removed. The resulting graph is denoted by G\).

A distribution graph G is N—1 compliant iff for every
fault f € Vp U E and every v € Vg, there exists a pri-
mary substation v such that v ~g) u, with u # f when
feVp.

We consider three graph editing operations on a distri-
bution graph: (i) addition of a new open line, (ii) removal
of an existing open line, and (iii) double-switching, which
opens a closed line and closes an open incident line at the
same secondary substation. All operations are assumed to
be well-defined.

Definition 3 (Edit Path). An edit path on G is a finite se-
quence p = (0opy,...,0p,,) of well-defined editing opera-
tions. It induces a sequence of graphs Gy == G and G;y 1=
op;(Gi—1)) fori € {1,...,m}. We write 9(G) := G()-
Definition 4 (DNTP). A Distribution Network Transition
Problem (DNTP) is a pair ® = (G,G*) of distribution
graphs over the same set of substations. A solution is a feasi-
ble edit path ¢ such that p(G) = G* and every intermediate
graph G ;) satisfies:

Cl. E(Z-) C EUE*

C2. lines removed from E cannot be reintroduced, and lines

added from E* cannot be removed;

C3. 2< degg(i)(v) < 3 foreveryv € Vg;

C4. Gy is radial;

C5. Gy is N—1 compliant.

An optimal edit path for ® is a feasible one that minimises
lol-

DNTP as Classical Planning

In this section, we encode a DNTP instance as an equisat-
isfiable planning task, i.e., one admitting a valid plan iff
the original instance admits a feasible edit path, with the
same cost. The encoding is modular. We first introduce a
core formulation capturing the local constraints (C1)—(C3)
using classical planning, and then extend it with axioms and
derived variables to model the global constraints (C4)—(C5).

We define the auxiliary sets EPUld = F* \ B, Frem =
E\ E*, and E¥l = RUE™, representing, respectively, lines
to be built, lines to be removed, and all lines appearing in
either the initial or target network.

To obtain a compact and symmetry-less representation,
we assume a fixed total order < over V such that for any
distinct v,u € V, exactly one of v < u or u < v holds.
Moreover, v < u always holds when v € Vg and v € Vp.
This allows us to define a canonical representation of binary
predicates of the form z{v, u} = z(min(v,u), max(v,u)).
Since we are dealing with an undirected graph, this allows
us to avoid, for example, keeping conn (v, u) and conn(u, v)
to represent the connection between v and u, and the conse-
quent duplication in the preconditions and effects of actions.
The same convention applies for action, i.e., action{v, u} =
action(min(v, u), max (v, u)).



Local Formulation

Let ® = (G, G*) be a DNTP instance. We encode it as a
classical planning task [I® = (F, A, I, G) capturing the lo-
cal transition dynamics.

State Representation. The planning state represents the
current network topology using three types of variables: (i)
conn(v,u) indicates whether a line is present, (ii) c(v,u)
indicates whether a present line is closed, and (iii) full(v)
tracks whether a secondary substation has reached its max-
imum degree. Together, these variables provide a compact
representation of intermediate network configurations.

Actions. Actions mirror the graph editing operations
defining DNTP. In particular, we consider: (i) addition of
new lines, (ii) removal of existing lines, and (iii) switching
operations that reconfigure connections locally. Their pre-
conditions enforce local feasibility conditions (e.g., degree
bounds and line availability), while their effects reproduce
the corresponding modifications of the network.

Initial and Goal States. The initial state encodes the in-
put network G, while the goal condition enforces that the
resulting state matches the target network G* in terms of
both topology and line status.

Correctness. This encoding faithfully captures the local
constraints of DNTP. In particular, feasible edit paths corre-
spond to valid plans, and vice versa, preserving both feasi-
bility and cost.

Global Formulation

The local encoding captures constraints (C1)—(C3), but not
the global constraints (C4) and (C5), which depend on the
network as a whole. Given a DNTP instance ® and its local
planning task TI® = (F,(), A,I,G), we define the corre-
sponding global planning task as

HI?ULL = (F, Xrui, Aroie, I, G U {RAD,REST}). (1)

1% | extends II® with two derived variables, RAD and
REST, capturing radiality and failure-restoration (N —1 com-
pliance) requirements, respectively, through the axioms in
XeurL. To enforce these constraints throughout the transi-
tion, each action a € A is lifted to an action in Ay, Whose
preconditions include {RAD, REST}, and the same require-
ment is added to the goal. After each action, the axioms re-
compute both derived variables; if either becomes false, the
resulting state is a dead end. In this way, constraints (C4)
and (C5) are enforced at every step of the plan.

Handling Radiality Radiality is enforced by introducing
a derived reachability predicate RC{v, u}, which holds if v
and u are connected through closed lines. This predicate is
defined recursively using axioms capturing direct connec-
tions and path composition.

From this reachability relation, radiality is encoded by
deriving a predicate RAD that enforces two conditions: (i)
every secondary substation is connected to at least one

primary, and (ii) no two distinct primaries are connected
through closed lines. Formally:

RAD < A\ \/ rc{o,p} A AN\ —RC{p1.pa}.
veVs peVp p1,p2€VP
P1=<p2
2

The first condition ensures that each secondary is con-
nected to the network, while the second guarantees that con-
nected components contain at most one primary, preventing
cycles between feeders.

These axioms are integrated into the planning task by re-
quiring RAD to hold before and after every action. As a re-
sult, any state violating radiality becomes a dead end and
cannot be extended into a valid plan.

This encoding captures radiality in the transition setting:
feasible transitions correspond to plans in which RAD holds
throughout execution.

Handling N—1 Compliance To enforce N—1 compli-
ance, we introduce a derived predicate REST, which holds
when every secondary substation remains connected to some
primary after the failure of any single primary substation or
line. We decompose this condition into two parts:

REST <— REST-P A REST-E,

where REST-P captures primary failures and REST-E cap-
tures line failures.

For primary failures, we define a derived reachability
predicate RCO-EX-S(v, u, v;) expressing that v remains con-
nected to a primary u while excluding the failed primary v;.
Reachability is evaluated over existing lines, independently
of their open/closed status, and recursion is restricted so that
the failed primary cannot be traversed. Using this relation,
we derive

ResT-P— A A/

v+€VP vEVs ue€Vp\{vi}

RCO-EX-S{v,u, v}, (3)

which states that every secondary must remain connected
to some surviving primary after the failure of any primary
substation.

For line failures, we analogously define a derived pred-
icate RCO-EX-E(v,u,v;,ut) expressing connectivity be-
tween v and v while excluding the failed line {vy, u4 }. This
yields the rule

REST-E /\ (Conn{v:{,w(} = /\ \/ RCO—EX—E{v,u,vf,UJ(}>,

{vi,us }eEa1 vEVs u€Vp
“)

ensuring that every secondary remains connected to a pri-
mary after the failure of any present line.

These axioms are combined into the derived predicate
REST and enforced throughout execution by requiring REST
before and after every action. Hence, any state violating
N—1 compliance becomes a dead end. This encoding cap-
tures the intended restoration requirement.



Full Encoding The complete planning model is obtained
by combining the local formulation with the axioms enforc-
ing radiality and N —1 compliance. The resulting task aug-
ments each action with preconditions requiring both RAD
and REST to hold, and enforces the same conditions on the
goal. This yields a unified encoding in which local transi-
tion dynamics are captured by actions, while global struc-
tural constraints are enforced through derived predicates at
every step of the plan. The encoding is equisatisfiable and
cost-preserving: a DNTP instance admits a feasible edit path
if and only if the corresponding planning task admits a valid
plan of the same length. Detailed correctness proofs are be-
yond the scope of this paper and will be provided in an ex-
tended version.

Experimental Analysis

We evaluate the proposed approach along two dimensions:
(i) the representational and computational cost of enforcing
different global constraints, and (ii) the compliance of the
generated plans under progressively stronger encodings.

Experimental Settings

Experiments were run on Linux on Intel Xeon Gold 6140M
CPUs at 2.30GHz, with 8GB RAM and a timeout of 1,800
seconds per run.

All encodings were implemented in lifted PDDL and
solved using FAST DOWNWARD (Helmert 2006), with
LAMA (Richter and Westphal 2010) in satisficing mode
(first plan found) and SYMK (Speck, Seipp, and Torralba
2025) in optimal mode.

The benchmark includes 11 real-world DNTP instances
derived from anonymised French distribution network data,
with sizes ranging from 6 to 150 secondary substations.

We compare the following encodings: II% (local only),
M2, (radiality), T2, , (primary-failure compliance),
%, (line-failure compliance), IIE, . psrp (radiality +
primary-failure compliance), and IT% | (full model).

Bottleneck Analysis

Table 1 and Table 2 show the impact of enforcing indi-
vidual global constraints. The main representational bottle-
neck is I13.¢;. ., which causes a sharp growth in the num-
ber of grounded axioms and leads to memory exhaustion
from medium-size instances onward. By contrast, IIT, ; and
12, remain compact and scale much more smoothly.

The runtime results follow the same trend. For LAMA,
% and TIE,, remain inexpensive, IIE ., adds a moder-
ate overhead, and T, . quickly becomes prohibitive. The
effect is even stronger for SYMK, where line-failure com-
pliance becomes intractable already on relatively small in-
stances. Overall, explicit modelling of line-failure robust-
ness is the main source of computational difficulty.

Compliance Analysis

Table 3 reports plan validation results for encodings that in-
crementally combine global constraints. As expected, the
local encoding may violate radiality and reliability con-
straints. Enforcing radiality removes radiality violations,

Number of axioms

(V] [E])

(102,115)
(152,176)

729 784 MO
1,117 1,187 MO

H‘I) HI;{)AD H]?EST—P HI?EST—E

(8,11) 0 58 58 1,369
(12,18) 0 94 93 5,296
(12,18) 0 95 96 5,489
(18,24) 0 138 147 19,657
(22,34) 0 184 188 38,238
(30,31) 0 238 254 97,300
(42,43) 0 358 386 295,961
(52,54) 0 469 499 MO
(70,102) 0 601 655 MO

0

0

Table 1: Real-world DNTP instances. Number of grounded
axioms generated by the FAST DOWNWARD translator per
instance and encoding. “MO” indicates that the approach ran
out of memory.

LAMA-first

(|V|7 |ED I H]?AD H]?EST—P HEEST—E
(8,11) 0.42 0.41 0.42 0.74
(12,18) 0.47 0.47 0.56 2.76
(12,18) 0.45 0.43 0.50 2.64
(18,24) 0.51 0.53 1.00 12.37
(22,34) 0.60 0.66 1.68 29.34
(30,31) 0.89 1.06 3.29 128.87
(42,43) 1.62 2.14 7.39 707.46
(52,54) 3.50 6.31 19.12 MO

(70,102) 6.34 820  47.88 MO
(102,115) 15.62 22.93  35.56 MO
(152,176)  47.49 81.10 103.56 MO

SYymMK
F
(|V|7 | D H‘I) HI?AD HI?EST-P HSEST—E
(8,11) 0.76 1.05 1.09 4.84
(12,18) 0.93 1.25 1.33 60.07
(12,18) 0.93 1.24 1.30 63.22
(18,24) 1.17 1.63 2.84 788.00
(22,34) 1.57 2.13 4.15 TO
(30,31) 21.27 11.34 980.24 MO
(42,43) TO TO MO MO
(52,54) TO TO TO MO
(70,102) TO TO MO MO
(102,115) 16.58 33.35 41.77 MO
(152,176)  71.29 TO TO MO

Table 2: Real-world DNTP instances. CPU runtime (sec-
onds) per instance and encoding for LAMA-FIRST (subop-
timal) and SYMK (optimal). “MO” and “TO” mean memory
out and time out.

while adding primary-failure compliance removes violations
of that class. The full encoding is the only one that guaran-
tees complete compliance by construction.

A key practical result is that the relaxed encoding
2 o iresrp already performs very well. In the satisficing



LAMA-first

(V1 121) Constraint Compliance CPU runtime

Hq) HI?AD HI?AD+REST—P 1_[l(})ULL H‘D 1—‘[l;{DAD I_‘[l;{>AD+REST—P 1—[l(?ULL
(8,11) X v v v 042 041 0.83
(12,18) v v v v 047 047 0.57 2.45
(12,18) X v v v 045 043 0.58 2.79
(18,24) X v v v 0.51 0.53 1.05 14.21
(22,34) X v v v 0.60 0.66 1.61 33.54
(30,31) X v v v 0.89 1.06 3.84 122.15
(42,43) X o o v 1.62 214 7.93 574.67
(52,54) X v o na 3.50 6.31 24.70 MO
(70,102) X v v na 6.34  8.20 47.86 MO
(102,115) Vv v v na 15.62 2293 43.70 MO
(152,176) v v v na 4749 81.10 128.88 MO

SYmMK

(V1 1E]) Constraint Compliance CPU runtime

Hq) HI?AD HR(I)AD+REST—P 1_[l(})ULL H(I) II]%)AD I?AD+REST—P HI?ULL
8,11) v v v v 0.76  1.05 5.37
(12,18) v v v v 0.93 1.25 1.55 69.93
(12,18) A A v v 0.93 1.24 1.53 73.21
(18,24) v v v v 117 1.63 2.62 828.48
(22,34) v v v na 1.57 213 12.11 TO
(30,31) X v v na 21.27 11.34  209.52 MO
(42,43) na na na na TO TO TO MO
(52,54) na na na na TO TO TO MO
(70,102) na na na na TO TO TO MO
(102,115) v v v na 16.58 33.35 76.89 MO
(152,176) x na na na 71.29 TO TO MO

Table 3: Real-world DNTP instances. Constraint satisfaction per instance and encoding for LAMA-FIRST and SYMK. Left:
compliance results (x: radiality violation; /A: N—1 primary violation; ¢: N—1 line violation; v": all constraints satisfied).

Right: CPU runtime (seconds).

setting, it solves all 11 real-world instances, and 9 of the re-
turned plans are validated as fully compliant. In the optimal
setting, it solves 7 out of 11 instances, again often produc-
ing fully compliant plans. By contrast, IT® | provides full
guarantees but at a substantially higher computational cost,
returning fully compliant plans only on smaller instances.

Overall, the experiments highlight a clear trade-off be-
tween explicit compliance guarantees and solvability. While
the full encoding is often too expensive, enforcing radial-
ity and primary-failure robustness already provides a strong
and practically useful approximation, often yielding plans
that are fully compliant even without explicitly modelling
line-failure robustness.

Related Work

Artificial Intelligence techniques have been applied to power
systems from different perspectives, addressing different
decision-support and control problems. Early symbolic and
knowledge-based approaches investigated expert systems
for power system operation and operator assistance (Wol-
lenberg and Sakaguchi 1987). Planning-based methods have
been applied to problems such as power substation voltage
control (Bell et al. 2009) and supply restoration after faults

(Bertoli et al. 2002; Thiébaux et al. 2013), where the fo-
cus lies on short-term operational recovery. More recently,
automated planning has also been explored in the context
of long-term planning for smart grids (Castellanos-Paez,
Alvarez-Herault, and Lalanda 2022; Castellanos, Alvarez-
Herault, and Lalanda 2023). The present work builds upon
this line of research by further distilling the DNTP into an
independent combinatorial abstraction and by providing a
formal encoding into classical planning using axioms.

Finally, other Al paradigms have been explored for power
system decision support, including evolutionary computa-
tion techniques such as genetic algorithms for energy man-
agement (Arabali et al. 2012), as well as data-driven ap-
proaches based on reinforcement learning for control and
decision-making tasks (Glavic, Fonteneau, and Ernst 2017;
Viazquez-Canteli and Nagy 2019). From a graph-theoretic
perspective, the DNTP can be related to graph transforma-
tion and graph edit distance (Gao et al. 2010), but with
significant differences due to the restricted operations and
the strong structural constraints. While effective in their re-
spective domains, these approaches typically focus on op-
erational optimisation or learning-based control and do not
address the formal structure of long-term planning.



Conclusions

In this paper, we introduced the Distribution Network Tran-
sition Problem (DNTP) as the discrete core of long-term
distribution network planning. We model DNTP as a con-
strained graph transformation problem and encode it in clas-
sical planning, where editing operations correspond to ac-
tions and global topological constraints are captured declar-
atively through axioms. The resulting formulation is modu-
lar and preserves the structure of feasible edit paths.

Our results highlight a clear trade-off between expressive-
ness and scalability. While radiality and primary-substation
N —1 compliance can be handled with moderate overhead,
line-failure N—1 compliance constitutes the main bottle-
neck due to the size of the resulting encoding. At the same
time, relaxed models often yield fully compliant solutions
after validation, suggesting that partial constraint enforce-
ment provides a practical compromise.

Future work will focus on improving the scalability of
the approach while retaining its declarative structure. In par-
ticular, this includes exploring incremental enforcement of
global constraints, where relaxed models are refined only
when violations are detected, as well as decomposition or
hybrid approaches that combine a discrete planning layer
with specialised validation procedures for global properties.
Together, these directions point toward more flexible and
scalable methods for reasoning about network transitions
within a planning framework.
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