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1. Introduction
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1.1.1 Transportation network redundancy
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1.1.1 Transportation network redundancy
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1.1.2 Transportation network retrofit problem
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1.2 Objectives and contributions
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2. Notations and preliminaries about
transportation network redundancy

Improving transportation network redundancy under uncertain disruptions via

2025/06/05 retrofitting critical components



2.1 Notations and explanations

Notation Explanation

Sets

o The set of origins

N The set of nodes

A A The set of all links and candidate links to be retrofitted, whose cardinality is |A| and |A| respectively

P The ambiguity set of all the possible disruption scenario distributions

W The set of origin—destination (0O-D) pairs, whose cardinality is |W|

D The underlying true disruption distribution, D = {&',&°, ... &, ... "} whose corresponding probabilities are {p,, ps, ....py ... Py |-
Ty The pre-disaster network topology

Variables

z The retrofit decision variables, z = {z,.....z..... 24 |, where z, = | if candidate link i is retrofitted, and z, = 0 otherwise
s The states of links, s = {s,.....5.....5, }, where 5, = 1 if link i is disrupted, and s, = 0 otherwise

e The retrofit cost of the candidate links, e = {e,,....c 4}

£ The kth disruption scenario. & = {f:‘ ea B Lff i }, where £ =1 if the disastrous event hits candidate link i and &' = () otherwise
G(E*, z) The network topology under disruption scenario & and retrofit decision =z

n, (G The number of efficient routes connecting O-D pair w under G

R(G7) The network-level redundancy under &

Ap(E, 2) The set of failed links under £* and z

L(&. z) The loss of network redundancy under £ and z

Lig*, z) The approximation of the loss of network redundancy under &' and =

Parameters

£ The parameters of the linear regression model, g = {g,, v BlA }

K The number of disruption scenarios in the underlying true distribution

K The number of disruption scenarios in the empirical distribution

H The number of historical observations of the disastrous events

B The available retrofit budget
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2.2 Preliminaries about transportation network redundancy
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2.2 Preliminaries about transportation network redundancy

Definition 1 (Efficient Route) Network configuration
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2.2 Preliminaries about transportation network redundancy

Remarkl : Efficient routeZ{ES5IHH

1. FRITEOITEIOFFRNIRE (S (HEEX/RZRDE] D (FURVY)
« Simple route kD HBIRER. Distinct routek D EZ < DERR(CFENODND D& Z 1)\ —

2. ETBHLEERNES
. 1BMIRRY D —2T(3E Simple routes 12 Distinct routes &%Z2E U CTETE I DIDONKE
Remark?2 : #IENRFIRBDESE

 Dialst#0% (Zhao et al., 2022) ZHUL\3
- STE=3o(W] *|A]) (ODRF7E X U T#)

Remark3 : i DOINRIERENADEHACEETE
o CCTIIRNIBREZHEALULY., BREFLEIZEIMTHOREICHBHER U GERANEIEE

2025/06/05



An overview of the methodology
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3. Mathematical model 1 (RNRP-SP model)
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3.1 Mathematical model 1 (RNRP-SP model)
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3.1 Mathematical model 1 (RNRP-SP model)

RNRP-SP model
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3.1 Mathematical model 1 (RNRP-SP model)
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3.1 Mathematical model 1 (RNRP-SP model)
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3.2 Solution method for the RNRP-SP model
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3.2 Solution method for the RNRP-SP model
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3.2 Solution method for the RNRP-SP model

Approximate RNRP-SP
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3.2 Solution method for the RNRP-SP model
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3.2 Solution method for the RNRP-SP model
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3.2 Solution method for the RNRP-SP model
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4. Mathematical model 2 (RNRP-DRO model)
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4.1 The RNRP-DRO model and the approximate model
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4.1 The RNRP-DRO model and the approximate model

RNRP-DRO
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4.2 Construction of the ambiguity set and model reformulation
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4.2 Construction of the ambiguity set and model reformulation
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4.2 Construction of the ambiguity set and model reformulation
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4.2 Construction of the ambiguity set and model reformulation
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4.2 Construction of the ambiguity set and model reformulation
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4.2 Construction of the ambiguity set and model reformulation
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4.2 Construction of the ambiguity set and model reformulation

Approximate RNRP-DRO
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4.3 Solution algorithm for the approximate RNRP-DRO model
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4.3 Solution algorithm for the approximate RNRP-DRO model
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5. Numerical experiments
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5.1.1 The experiment setting (RNRP-SP model)
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5.1.2 The performance of the developed retrofit schemes
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5.1.2 The performance of the developed retrofit schemes
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5.1.3 The performance of the developed approximation algorithm
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5.1.3 The performance of the developed approximation algorithm

7;ﬁ§1-£ + 9 BRB3HAXDKIET —Ftwv N TOREEIREST)LDEEE
g a1
0.0200 4 — S 1.0
o DIRWNH>T)LE (£4KD0.6% D100 >T)L) TEHE 00175
50 F0.9
SHIEBE TERVEE CREHRRZIAETETE -
- 0.8 o
. —_ g I = 0.0100- —— MSE S
« BRIFT—AHZIEPP U TCEHIEELU L THREDM L& g oo Roquare |
_ _ 0.0075 0.7
ﬁ"ﬁbb\(c_fdfﬁ 0.0050 1
0.00251 06
0.0000 - T wisineiiisaneanil PP
10' 10° 10’ 10*
Size of the calibration dataset
fsadxxw k2 —72 (Sioux-Falls, Anaheim,
Barcelona, Chicago-sketch) THARELE
As, T3y —
— WINE1009 > TILDFBST — 5 TREREN0.9 R2BRY ND—I(CBFBEEERETILOME (1005>T)L)
%EZ 5 % (/ \*%E}gb ﬁEEﬂ_‘,\ Network #Zones #Nodes #Links #0-D pairs R-square
Sioux-Falls 24 24 76 552 0.975
L FED—RM - EETAE RIS bmicin . o me oz
Barcelona 110 2,522 1,020 7,922 0.981
Chicago-sketch 387 2,950 933 93,135 0.906

2025/06/05 Improvmg transportat|on network redudancy



5.1.3 The performance of the developed approximation algorithm
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5.2.1 The experiment setting (RNRP-DRO model)
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5.2.1 The experiment setting (RNRP-DRO model)
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5.2.2 The out-of-sample performance of the RNRP-DRO model
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5.2.2 The out-of-sample performance of the RNRP-DRO model
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5.2.2 The out-of-sample performance of the RNRP-DRO model
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5.2.3 The computational efficiency of the Benders decomposition algorithm
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6. Concluding remarks and future research
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