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Algorithm

Algorithm 1: Within-City Validation Protocol (LOWO) in Flint
1: Input: Ward-partitioned dataset {D1, . . . ,D9}; seeds S = {1, . . . , 5}; K = 5 folds; max epochs E = 100; patience p = 5
2: Output: LOWO metrics for each held-out ward w (mean ± std over seeds)
3: for each held-out ward w ∈ {1, . . . , 9} do
4: Dtest ← Dw; Dtrain ←

⋃
u̸=w Du

5: Construct parcel-based training and test graphs using the same deterministic parcel-induced rule
6: Gtrain ← (Dtrain, Etrain), Gtest ← (Dtest, Etest) {Parcel-induced edges only; held-out test nodes are excluded from

training-time message passing.}
7: for each seed s ∈ S do
8: Initialize K-fold split of Dtrain with shuffle=True, random_state=s
9: best_val← +∞; θ∗w,s ← ∅

10: for each fold k = 1 to K do
11: Split Dtrain into Dtrain

k and Dval
k

12: Create node masks for Dtrain
k and Dval

k on Gtrain; build NeighborSampler loaders using only the training graph
13: Initialize GAT model with reconstruction head (SSGAT) and Adam optimizer
14: using the fixed hyperparameter configuration from the main manuscript
15: for epoch e = 1 to E do
16: Update parameters using LTotal = αLNLL + γLRecon on training nodes
17: Compute validation loss on Dval

k
18: Apply early stopping with patience p
19: end for
20: if validation loss for fold k < best_val then
21: best_val← validation loss; θ∗w,s ← model parameters for this fold
22: end if
23: end for
24: Evaluate θ∗w,s on the held-out ward nodes Dtest and store metrics (Acc., Macro-Prec., Macro-Rec.)
25: Save checkpoint θ∗w,s as checkpoint_{w,s}.pth
26: end for
27: Aggregate test metrics for ward w as mean ± std across s ∈ S
28: end for
29: Return: Ward-wise LOWO performance summary (mean ± std over 5 seeds)
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