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Power Grid as a Dynamic Graph

Security-Constrained MILP-UC (SCUC)

System under contingency ¢ (line . removed):
Gl = (V,E, X(£), W), A = Ay-(1-165-1.)

Generator—bus incidence M € {0, 1}V*%: M, , = 1 iff
generator g sits at bus n. Used to (i) aggregate generator
costs onto nodes and (ii) project bus embeddings back to
generator decisions.

Node feature: z,(t) = [Pg(t),éfl,pg,lneAg]T where
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(e prevents division by zero on load-only buses.)

Spatial Encoder: Graph Attention Network
Unnormalised attention at layer k£ between adjacent buses
1, 7 under contingency c:
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Spatial embedding Q()(t) = GATH) (X (1), A©)) € RN >4,
Same weights, different A(®): each contingency yields a
distinct embedding.

Temporal Encoder: BiLSTM + Projection
Per-bus BiLSTM: Y, (t) = tanh(V_hy s + Vi by + by ).

Bus — generator projection (via M) and binary
output:

W

Y/g(t) = ZMn,g)}n(t)v 256) (t) = 1[}757(15) > 0]

Topology-conditioned generalisation: same weights serve ev-
ery contingency.

Contingency-Augmented Offline Training

Aang = {(X(1), A9, 29(A,)) : s €S, ce {0}unl?}
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For each ¢ € Q(LC) (line I. removed), append to base con-
straints:
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Full system G°¢(x) < H5Y stacks C'+1 copies; O(CNT)
constraints.

Revised Fuzzy MILP Formulations
SCUC cost bounds: C = min,cp gsc<ysc C(z); C =

C —C(z")
C all ; C _ _ .
(@*7); c_C
Soft N-1 thermal membership (new, x>0):
W =1 <1
: max(0,1 — n(pl(c) —1)) else

p*¢ = min ) (1)

c,l,t

where pl(c) = |p?7'(c)|/FlU. Setting x— oo recovers the hard
N-1 constraint.
PM1-SC (individual fuzzy security-constrained model):

max A
A< zf(t) Vg,t € T (a)
Azt <1 Vg, te Y (1)
A< K-p® (o)
A< (a+)
GOy <H® 0<Aa<1 (¢)

PM2-SC uses hourly-aggregate ON/OFF memberships:
only 27C + 2 fuzzy constraints vs. GT'C +2. K-factor
K € (0,1] tightens the cost satisfaction region in (c);

Feasibility Guarantees

Proposition 1. If G(O)(a:) <HO s feasible, PM1-SC and
PM2-SC are feasible for any © and any x>0.

Proof. Set A=0: (a)—(b) hold by integrality; (c) by C(z") < C;
(d) by u5€ >0 always; (e) by the base-case hypothesis. O

New Evaluation Metrics

NFR = m D 1[G (Y < H ) (fraction of N-1
L
scenarios satisfied)
2F V(2
C-SOI = \Q(lc)l D e o c(l*(g() ) (avg. cost gap wvs.
L
optimal)
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