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Urban Mobility in Antananarivo

Severe and Unpredictable Traffic Congestion

• Heavy commuter departures during peak hours

• Mixed traffic on narrow, crowded roads

• Short distances but long, unpredictable travel
times

• Intersections are manually managed by traffic
police instead of traffic lights

The physical shortest path is frequently not the fastest path

during peak hours.
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Congestion Profile
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Antananarivo’s Road Network

• Nodes: 3377 (intersections +
dead-ends)

• Edges: 7172

The network can be expanded by adding

other points of interest (tourist attrac-

tions, pharmacies, etc.).
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Road Types Distribution
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Failure of Static Shortest Path

Consider Route A (8 km) vs. Route B (10 km):

• Normal/Off-Peak Traffic:

◦ TA = 20 minutes ← Optimal Choice
◦ TB = 25 minutes

• Morning Peak Hour:

◦ TA = 65 minutes (Severe bottlenecks)
◦ TB = 32 minutes ← Optimal Choice

S
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Route A
8 km

Route B
10 km

Traffic changes over time, so the
best route depends on when you
leave.
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A TDSPP Model Formulation

• Road Network Topology: Directed graph G = (V,E), where V represents
intersections and E represents directed road segments.

• Dynamic Cost Function: Each edge e ∈ E is assigned a time-dependent cost
function:

Ce(t) = C0
e · [1 + αe · p(t)]

where:

◦ C0
e represents the free-flow travel time;

◦ αe represents the congestion sensitivity of road e;
◦ p(t) is the temporal congestion profile reflecting three daily peaks:

Morning: 06:30 – 08:30 Midday: 12:00 – 14:00 Evening: 16:00 – 19:00

MOOCTA Workshop 2026 TDSPP for Congestion in Antananarivo 9 / 20



Path Cost and the FIFO Property

For a path P = (e1, e2, . . . , ek) and departure time t0, arrival times are computed
recursively:

ti = ti−1 + Cei(ti−1)

The optimization goal is to solve
min

P :s→d
T (P, t0)

over all feasible paths.

The FIFO Property:

t1 < t2 =⇒ t1 + Ce(t1) ≤ t2 + Ce(t2)

Leaving earlier means arriving earlier (no

overtaking). This property allows the use of

efficient polynomial-time label-setting algorithms.

Why Consider Non-FIFO?

• Limited use of traffic lights at junctions

• Mixed road use by cars, motorcycles, and

pedestrians

• Rapid changes from normal traffic to heavy

congestion
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Exact Method on Static Network: Dijkstra
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Example
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Dynamic FIFO Network: TD-Dijkstra
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General Dynamic Network: Label-Correcting TDSPP
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Metaheuristic: Simulated Annealing (SA)
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Synthetic Experiments

|V | TD-Dijkstra (ms) Label-Correcting (ms) SA (ms) SA Gap Static Penalty

20 0.36 0.71 13.93 14.58% +16.41%

50 0.97 1.77 29.67 9.75% +15.26%

100 2.09 3.64 40.55 2.70% +3.56%

500 8.85 19.82 75.34 3.33% +3.36%

1000 10.26 28.19 63.58 1.91% +2.17%

3377 42.50 107.15 112.16 2.05% +2.05%

• TD-Dijkstra solves networks with 3377 nodes in only 42.50 ms.

• Static routing can increase travel time by up to 16.41%.

• Simulated Annealing finds solutions only 2.05% worse than the best solution on 3377
nodes.
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Data Collection

• Road Network: Extracted from OpenStreetMap

• Travel Times: Will be collected from multi-stop bus surveys

• Traffic Context: Time of day, seasons, and rainfall
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Conclusion

• Traffic changes over time, so static routing is not enough

• Non-FIFO algorithms can handle changing traffic more reliably

• Heuristics can provide fast solutions for larger networks

“When traffic changes with time, routing must change with time.”
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