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. Supplementary Tables

Supplementary Table 1. Mean values of performance metrics for each functional station

type.

Funct

No. of Power

Clust  ional

erID  Type

Fy F, T; T, M, M, E; E, Connectors

Stations (kW)

0 5413 7149% 02 0.13 084 048 4.45 2.66 3.58 2.09 26.72 46.01
1 1236  1632% 0.6 054 35 311 1287 11.06 10.74 9.25 20.17 46.79
2 91 1.20% 3.16 1.08 226 093 63.94 9.36 120.74 5198 19.34 132.43
3 832 10.99% 053 028 1.5 0.7 7.31 3.39 7.83 3.69 80.89 17.15

Supplementary Table 2. Description of charging station construction and operational

data.
Field Pata Description
Type
station_id Integer A unique identifier for each physical charging station.
station_type Enum The category of the station (e.g., public, private, battery-swapping).
num_connectors  Integer The total number of charging connectors (outlets) at the station.
num_piles Integer The total number of charging piles (physical units) at the station.
address String The detailed street address of the station.
site_context String The physical environment of the station (e.g., underground parking, roadside,
shopping mall).
electricity fee =~ Decimal The price per kilowatt-hour (kWh) of electricity.
service fee Decimal The service fee, charged either per session or per kWh.
longitude Decimal The longitude of the station's location (WGS84).
latitude Decimal The latitude of the station's location (WGS84).
total power Decimal  The total rated power of all charging equipment at the station, in kilowatts (kW).

Supplementary Table 3. Description of charging transaction data.

Field Data Type Description
station_id Integer A unique identifier for the charging station.
equipment_id Integer A unique identifier for a specific piece of charging equipment within
a station.
connector_id Integer A unique identifier for a specific charging connector on a piece of
equipment.
order_id String A unique identifier for each charging session.
start_time Datetime The start time of the charging session (to the second).
end_time Datetime The end time of the charging session (to the second).
energy delivered Decimal (kWh) The total energy delivered during the session, in kilowatt-hours

(kWh).



total fee Decimal The total fee for the session, including both electricity and service
charges.
electricity fee Decimal The portion of the total fee corresponding to the electricity
consumed.
service fee Decimal The portion of the total fee corresponding to the service charge.

Supplementary Table 4. Description of network resilience metrics.

Interpretation & Role in

Category Metric Definition )
Analysis
) The total number of nodes in Indicates the extent of node
Network size .
the network. removal or failure.
The number of maximal ) o
) ) An increase signifies network
Number of connected subgraphs in which any two )
fragmentation and reduced
components nodes are connected to each ) .
Structural interconnectivity.
. other by paths.
Integrity ; .
A high value indicates the presence
Size of the largest The number of nodes in the of a giant component maintaining
connected component network's largest connected overall function; a sharp decrease
(LCO) component. signals the collapse of the network
backbone.
The largest integer k for which A high value indicates a densely
Core Maximum k-core a k-core (a maximal subgraph interconnected core. A rapid drop to
Robustness number where every node has a degree zero during an attack signifies the
of at least k) exists. failure of this core skeleton.
Reflects the average travel distance
between nodes in a connected
The average of the shortest path
) network. A sudden drop after
Average path length lengths over all pairs of o
fragmentation indicates that
reachable nodes.
measurements are confined to
Accessibilit small, local components.
y& Measures the efficiency of
. The average of the ) )
Efficiency information or resource flow

inverse of the shortest
across the entire network. A
path lengths over all
high value indicates high
pairs of nodes
accessibility and efficiency.
(unreachable pairs o )
May exhibit complex behaviour
contribute zero). )
post-fragmentation.

The average of the inverse of the
shortest path lengths over all pairs
of nodes (unreachable pairs

contribute zero).




Supplementary Algorithm

Supplementary Algorithm 1

Algorithm 1 T 32 4R 4ERY 78 HL sl RSP R B

Input: fFE4EFE X € R™; KMO B 73 BEMWKT o BIHERREME n: BREEES K
ik yk A = {K-means, Agglo, DBSCAN}

Output: FFAuAFRIRE ¢ KX RELE M Fatn

> FEHEARfEIL, A (A1)

K (3-5) X X Z-score FrEfk, BN Z, HHEHXER R

> KMO 5 Bartlett & JAtE#E5, S0 (A2)-(A3)
8 KMO 4iit#5 Bartlett #3040 4 x? K3 p
if KMO <7 or p> athen
6:  return “YiAE G HEFT 0 HEYEAL PR
7: end if
8: > FWRIRE R EMTE, 2K (A4)-(A6)
9: XF R UHEME Rwg = Aqwg, & Ag KRB/ MIFF
10: HREER (AS) HEZITHRER 9(Q), EBFEWE 7(Q) > n HFFA I S £l 414 Q
11: MEB G W = (w, ..., wo| HHEFWRMGHELEY = ZW
12: > BRSHE S A, S (A7)
13: for all A € A do
14: if A 5 K-means i Agglomerative then

gy B W b B

15: ke K _FAAR (3-11) #45E WCSS(k) R AT EwiE &

16: FEY A FIEE kb BATRSE, BRI E

17: else > A & DBSCAN
18: 4 k-distance HiZEEHL (e, MinPts) }4£ Y |iZfF DBSCAN, 53| (4

19: end if

20: > REFEIT, SRR (A8)
21:  IEMFIRELR YRR SW

22: end for

23 PR RAK S MK A* BREBH, SREHEE o « )
24: return {c;}7_; MOHR AR KRR IFH 45

FeF TR BRER 78 R R A TR AP IR S 22 3K
(1) FSEXSEIERAEL

WIH n DRI, d MFNRE, WEREHEER X = [x] 0 BT x A0 B9

EmE. FEAEIERENZER, XA Z-score tRAENBE:

zij = (xi; = 1y)/0; Al
He w. o) 23IAE ] MFHALNHESIEE . FRELENERICA Z, BTHREXEMER
WEREITE,
(2) KMO 5 Bartlett BkZ818
HTHHEIER B T BE AR, AR BURIEENERESIRINELELE.
1) KMO R ATEHELTEEHEXMEESEEMERD/EFRR. 2 rjp AEXFRE pji
AlREXRE, W



kMO = [ "G #0m?| /[ G # 0+ ) G #0p57] A2

2) Bartlett ZkFEH0 I A TR R 2820, BEAEHD n. TEHHK 4, W
SItET SN

x> =-(m—1-(2d +5)/6)In|R| A3
HEHRER dd-1)/2, 4 p <0.05 BELEEXBHE D BME NERE, INATEEF
FERBAERM, EEUITHRAELIE . AR H KMO=0.63>0.5, E4FF4FERFZ ERL P<0.05,
HERRALBIRE AR THRERELIE,

(3) B4t EMARBEFHABMTE

T ERAMRRE, ETIREMER Z WEHEXER R (A EER) | FHTHEAE
g

Rwy = Aqwq, q=1,..,d A4

Hh Ay AFHE, wq ANNFLEE, ZEXMBFEGE (ScreePlot) 5772 MRENH
EEMAEE Q. RUMMBBRERENA

1@ = (Y. a=0%)/(D (=) AS

ERERTHEBRRLINEEEAEENRERANEHTHE Q. MEITEMRERBE
TENRERT (TR ED) -

y; = WTz; A6
HAF W= [wy,...,wo| HEHBT Q NERD B REAMMIRLTER, v AR B Q %
BERT. BB WMSA y; AJERE Y, EABRKRATUE.
(4) REREXEHE
TR ER BEETHEBSHEREE k. X K-means FETHUMEBETTE,
XAFAE (Elbow Method) 4R F (Within-Cluster Sum of Squares, WCSS) [ k
T RR:

WESS(9 = Y (e = DF ) (v € Cllyi — el A7

Hrp Cc RARE ¢ ME we ARBD. BE WCSS(k) B k AT T, Hihsk TrEESE
HIAR R, MR k TRAREGIEMNE XL,
(5) BEARAIIGE
EHERKSHE, AMARXA=MAZTEHEEREXTTEHITI LT
1) K-means: i&FFiT{BKIRFELEH;
2) Agglomerative Clustering (B>RB) @ ARELZELEHE, BB TREREN,
3) DBSCAN (Density-Based Spatial Clustering of Applications with Noise) : E- TR E 125!
ERERE, FNRES/MEESEERREEM.
(6) BRARRFMN
K ERFEE (Silhouette Coefficient) THABERE., WA y;, EX: a() A yi 5%
HARFHEERE, b() Ay, SECEMAENANTIIES, WRERREA

s(i) = b(i) — a(i)/max[a(i), b(i)] A8
HEUESEEA (110, s() Mgk 1 RAKAERE. REEDE, & s() <0 BERT
HAEREHME, BEURRE.
AR EER K-Means - DBSCAN.  Agglomerative Clustering =525 R %5378 0.46,



-0.46, 0.41. K-means FBREELIHL .



Supplementary Algorithm 2

Algorithm 2 5T J)4HE ¥ Ay iU S R R0R

Input: FHMLH GO = (VO EQ); a3 mii sum_power(v); B T
Output: 4§ HHBRME {GOVL, BAR I EEE {Vilhove}

1. N < |V

3: for all v € V(® do
P(v) <= sum__power(v)

. end for

. GO = (VO EO)
10: fori=1 to T do
11: pr=01xt
122 0nove < |pt- N
13 Vithove < {1, v}

VTR VA I vA(URNS VORI,

15 EW < {(u,v) € EO |uecV® vV}

16: GW < (v EM)

17 fE GO it EEMEEE

18: if V(® = () then

19: break

20: end if

21: end for

22: return {GOVL | (Vo) 54547

> R G ST

> Step 1: 5@ (W AHIZE, &, P(v) = sum_power(v)

> Step 2: FFIFM KB NHEF A2 it 731
Jon), 15 P(vi) = P(vig1)

> Step 3 WriF=UTah 5 W 4 B

b AT P Bl 10%

b 4458 4 KA B AT 1k




Supplementary Algorithm 3

Algorithm 3 ST RS K A4 W B B ARl g

Input: Y% GO = (VO EO); 4 ffii#28 K5 land_type(v) € {A, B, R}: Zili#3
L= (Li,....Ly)

Output: 4§ PrEMFEIRRL (GO BRI EEE (Vilowe ML,

1: > Step 1: DHEERAUE X
2. for all v € V() do

3:  §HJE land_type(v) € {4, B, R} >IN A AU, B kRS, R EAE
4: end for

5: > Step 2: & (IRES RICMF
6: EBCEFY L = (L1, Lo, ..., La), H Ls € {A, B, R} FOR5 s BrEdh T s X

7: > Step 3: S+ Bt H RSG5 M S T
8: GO = (v E0)

9: fors=1 to M do

10: Viohove = {v € V=D | land_type(v) = Ly} R e
1: V(S) = V(S_l) \ I/l'g:))love

122 E® < {(u,v) e ECD |ueV® vevVE)}

13: G(s‘) = (V(S‘),E(s‘))

A G LTI

15: if V() = then

16: break b 9025 TE 6] 4 A L BT 1
17: end if

18: end for
19: return {GO} (VS 1M S4B




