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ARTICLE INFO ABSTRACT

One of the landscape management approaches is the construction of bridges along
the rivers. On the other hand, the bridge scouring is a serious damage to river
Research Paper engineering as the main source of water and sustaining planet life. Accordingly, in
this research, using field data, the accuracy of empirical methods, genetic algorithm
(GA), least squares support vector machine (LSSVM), and combined method were
compared in estimating scour depth of simple bridge piers. In the GA method, a
Received: 10 February 2023 number of empirical relationships were modified and the results of these modified
Revised: 04 March 2023 relationships were compared with the measured scour values. In the LSSVM
method, through the input of different independent parameters, model training was
Accepted: 11 March 2023 performed, and scour depth was predicted. In the combined method, using the
Published online: 02 August 2023 |LSSVM model from combining the results of different individual relations, the
scour depth of the bridge piers was estimated. The results showed that modified
relationships by genetic algorithm and LSSVM model have higher accuracy than
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depth with higher accuracy than other methods.
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EXTENDED ABSTRACT

Introduction: Among the reasons of the destruction of bridges is the scour of piers. High accuracy in the
determination of scour depth is a voucher of the structure's lifetime. Inasmuch as the scour is a multifaceted
process affected by many factors, the researchers have not reached a consensus yet in presenting a solution to
figuring out the scour depth or reducing it. Through laboratory research, they have offered a bunch of empirical
relations to estimate scour depth. However, being obtained in the lab and giving acceptable solutions only
within a certain range of data, the improvement of these relations is a necessity that should be concomitant with
other methods based on field data. Genetic algorithm, inter alia, is an approach based on random search and in
which the natural biological modeling is a benchmark. The algorithm works on the likely responses having
survived more generations giving closer estimations of the optimal solution. Among other artificial intelligence
methods recently applied in the theme of sedimentation and hydraulics are the Support Vector Machine (SVM)
and the Least Square Support Vector Machine (LSSVM). The SVM is an effective learning system based on the
useful optimization theory which uses the inductive axiom of minimization of structural error and leads to a
general optimal solution (Chou and Pham, 2013). Behzad et al. (2009) have predicted the daily flow using the
statistics of a hydrometer station located on the Bakhtiari River by considering the statistics of the previous day.
Their results show that the SVM maodel is more efficient in comparison with neural networks.

Methodology: In this research, using field data and genetic algorithm some empirical relations were modified
and improved. By independent parameters as the input and the combined method along with the LSSVM, the
scour depth was estimated. The idea of a genetic algorithm comes from the two principles of choice and
generation in nature. Over time and due to genetic modification or mutation, nature vouches for the generation
of more enhanced creatures. The genetic algorithm starts with an initial population of chromosomes and goes
towards an optimal population. It is a search implement that through an objective function connects to the
analytics tool. The technique of Support Vector Machine (SVM) was founded by Cortes and Vapnik (1995)
based on Statistical Learning Theory which follows the minimizing structural risk. Suykens et al. (2002)
proposed the Least Square Support Vector Machine which, in contrast to the SVM model, uses linear equations
in solving the problem instead of quadratic programming. So, it has more computational accuracy relative to the
classic SVM.

Results and Discussion: Figure 1 shows a comparison between the scours obtained from the empirical relation
(Blench-Inglis 1, 1962) and its improved relation via the genetic algorithm for the real scour values in the
training stage. As observed, the modified relation predicts the scour values of the bridge pier with higher
precision so that the values obtained in this fashion and the actual values are in a range closer to the one-to-one
line. Besides, the scour values resulting from the empirical relation are in some cases negative which are
improved in this way too. Table 1 contains the comparison of the indexes RMSE, E, and R? between the
empirical relation of Froehlich (1988), as the most accurate empirical relation, its modified relation through the
genetic algorithm, the best result of the LSSVM model with independent parameters, and that of the combined
LSSVM at the training and test stage.
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Figure 1- Comparison between observed scour value and (a) the value obtained by Blench-Inglis | (1962),
(b) the value obtained by the improved relation via a genetic algorithm in the training stage.

Table 1- Comparison between different methods of estimation of scour depth of bridge pier

Train Test
Method 5 5
E(@®%) RMSE (m) R NSE | E(%) RMSE(m) R NSE
Empirical relationship of
Froehlich (1988) 60 0.76 0.59 0.37 65 0.62 059 027
Modified relationship of
Froehlich (1988) using genetic 58 0.69 0.67 0.38 59 0.58 065 0.32
algorithm
_ LSSVM model with 43 0.43 088 063 | 68 0.58 0.63 0.36
independent input parameters
Combination LSSVM model 49 0.40 0.88 0.58 50 0.52 0.70 0.38

Conclusion: This research can be briefly concluded as follows:
o The relations improved by the genetic algorithm had higher accuracy than the empirical ones.
e By choosing the width of the bridge pier, velocity, and depth of the flow as the inputs of LSSVM, we
would see that the values of scour depth are more in agreement with the real scour values.
e The combined LSSVM method gives the scour depth more precisely than the other methods.
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Table 1- Empirical relationships and modified relations via genetic algorithm in estimating of scour depth of bridge pier

(2 2]
< <
Method Empirical relationship g_ Modified relationship using GA g_
o o
VB VB
Shen (1971) S=0. 00022( )06 A S=0.0000116(—)"" [
\Y
Froehlich (1988) S=0. 32(|)g_0 1V02 O%BOGZD 008 B S= 0.32(|)g_0'33V°'70y0'37 BOABDSO‘O'14 J
. . -0.1y /02 oze 062 008
(FISSE;ICh-DESIQn S=0.32¢g "V B™Dy "+B - s__1p pgroRy0seyegLan 02, g K
Hgl{;—)Poona I S— 1.7380.22y0.7s —y D S= 1.261B°'“7y°'9512 -y L
. -
(fglgg;:h Inglis Il S =1.53B%5\/°8 D50-0.125yo.5 —y E  S=1.23B0094/00 D50-0.02y0.92 —y M
**k ie-
(19I23I)IS Poona I S—1.7B%2\"% yo.sz —y E S=1.15B"1062\/0026 y0.9458 —y N
*k - 1
(1gBE:§;Ch Inglis 1 S— 1.880‘25y0'75 —y G S= 1.16B°'“7y°'9512 —y o
Breusers (1965) S=14B H S=0.75B P
*: Units are English units in feet, except Dsq, Which is in millimeters.
**: Units are English units in feet.
09031 9 jeel A yo 43 8l Pl Ll 9 (2,25 Latly (612 (Sl Bos (055 (1)) S RIS -Y g
Table 2- Evaluation indices values in estimating scour depth for empirical relationships and modified relations in
training and test stages
Method Empirical relationship Modified relationship using GA
Stage E(%) RMSE(m) R® NSE | E (%) RMSE (m) R® NSE
Shen (1971) Train 134 111 0.47 -0.11 68 0.84 051 0.23
Test 165 1.05 0.48 0.19 68 0.68 049 0.26
. Train 60 0.76 0.59 0.37 58 0.69 0.67 0.38
Froehlich (1988) Test 65 0.62 059 027 | 59 0.58 0.65 0.32
. . Train 212 171 0.60 -0.79 71 0.69 0.65 0.33
Froehlich-Design (1996) 1o 539 191 055 -128| 67 0.59 0.62  0.35
Inglis-Poona Il (1949) Train 103 0.84 0.57 0.14 62 0.65 0.69 0.38
g Test 118 0.85 0.46 0.04 70 0.60 0.62 -0.29
. Train 178 1.82 0.32 -0.81 61 0.62 0.72 0.40
Blench-Inglis 11 (1962) Test 153 196 006 -1.06| 62 0.57 0.65 -0.24
Inglis-Poona | (1949) Train 250 2.24 0.23 -1.38 61 0.65 0.69 0.07
g Test 255 1.98 0.06 -1.51 68 0.58 0.64 0.32
i Train 109 0.9 0.54 0.08 62 0.65 0.69 0.37
Blench- Inglis 1 (1962) Test 128 093 041 -004| 70 0.60 0.62  -0.29
Breusers (1965) Train 174 1.35 0.53 -0.38 74 0.80 0.53 0.07
Test 197 1.46 0.43 -0.67 81 0.72 043 -0.20
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Figure 1- Comparison between actual (observed) scour values and (a) the values obtained by Blench-Inglis | (1962)

(Train), (b) the values obtained by the modified relationship via genetic algorithm (Train), (c) the values obtained by
Blench-Inglis I (1962) (Test), (d) the values obtained by the modified relationship (Test) via genetic algorithm
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Table 3- Evaluation indices values for the results of the LSSVM model at the training and test stages with different
input parameters

Row Input parameters for Train Test

LSSVM model E (%) RMSE (m) R NSE | E (%) RMSE (m) R NSE
1 0, V,y,B,Dyy,uU,,v 38 0.35 092 0.67 81 0.71 054 021
2 0, V,y,B,Dy), U, 38 0.33 092 0.67 81 0.75 053 0.20
3 oV,y,B,D,, 40 0.37 090 0.65 74 0.63 059 0.29
4 o, V,y,B 44 0.39 090 0.62 71 0.62 059 031
5 V,y,B,D,, 43 0.43 0.88 0.63 68 0.58 0.63 0.36
6 V,y,B,u, 43 0.39 0.89 0.62 77 0.65 058 0.28
7 V,y,B 46 0.43 0.87 0.60 65 0.58 0.63 0.36
8 V,y 52 0.47 0.84 0.56 66 0.94 0.40 0.15
9 V,y,u, 45 0.42 087 0.61 76 0.83 047  0.17
10 V,y,0 52 0.46 085 0.56 65 0.96 0.40 0.16
11 V,y,B,v 47 0.42 0.87 0.59 65 0.59 0.63 0.36
12 V,y,B,g 46 0.42 0.87 0.60 66 0.58 064 0.35
13 V,y,B,g,v 47 0.42 0.87 0.60 65 0.58 0.63 0.36
14 V,B,v 46 0.37 090 0.63 74 0.74 044 021
15 y,B 57 0.58 0.75 048 61 0.5 072 041
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Table 4- Evaluation indices values, empirical relationships, modified relationships, and results of the LSSVM model
at the training and test stages with different input parameters

Modified relationship using

LSSVM Empirical relationship
g Stage GA

2 Method Eon TSE o nee Eon FVSE R onee lEen TMSE R nee

(m) (m) (m)

Train 43 043 088 063 ; ;

*

1 LSSVM() 1ot 68 058 063 036 : :
2 shen(o7y AN 45 037 090 064 [ 68 084 050 023 | 134 111 047 011
Test 76 074 044 019 | 68 068 049 026 | 165 105 048  0.19
, Froehlich Tran 40 037 0980 065 | 58 069 067 038 | 60 076 059 037
(1988) Test 74 064 059 030 | 59 058 065 032 | 65 062 059 0.27
Froehlich- Train 40 037 090 065 | 71 069 065 033 | 212 171 060 -0.79
4 '(3185(_'996;' Test 74 064 059 030 | 67 059 062 035 | 230 191 055 -1.28
5 InglisPoona Train 56 058 075 048 | 62 065 069 038 | 103 084 057 014
11(1949) Test 69 068 051 027 | 70 060 062 -029 | 118 085 046  0.04
Blench- _ Train 43 043 088 062 | 61 062 072 040 | 178 182 032 -081
6 I?fggzl)l Test 68 058 063 035 | 62 057 065 -024 | 453 196 006 -1.06
_Inglis-Poona Train 46 043 087 060 | 61 065 069 007 | 250 224 023 -138
1(1949) Test 66 058 063 036 | 68 058 064 032 | 255 198 006 -151
Blench- _ Train 56 058 075 048 | 62 065 069 037 | 109 090 054  0.08
8 '(q%gsz)' Test 69 068 051 027 | 70 060 062 -029 | 128 093 041  -0.04
o Brewers Tran 58 050 074 045 | 74 080 053 007 | 174 135 053 -0.38
(1965)  Test 83 092 040 018 | 81 072 043 -020 | 197 146 043 -0.67

S Jols @l g Sl o blgy ;5 E g RMSE (clajasls jeel dope 5 sl jastie ¥ Jgas ;5 a5 jobjlen
oyl JSls LSSVM i jl Joobs ol 0 5 Jols oyo0 klgy 10 R2  Siued o pd iz pd ol J8ls LSSVM
Jio g iigel a8 smd o i gasge cpl sl G5 SO 4 K00 gy 9 4 Cums LSSVM Jae 3 55 NSE 1,8
busg oad Mol byly, 5l Sihe 5 Cusl ke 28 Lalg) o S i o] Abje )3l 00 plodl s34 LSSVM
295 O (Saned gy g s glajadls e gofl o jo @l 4 2 L Cwl LSSVM Jao (29,5 9 S5 o265
4 G LSSVM o 3 NSE S oy Jlbo ol b it (S0 50050 & LSSVM s g5 5 00 2ol Ll
el FSe335 S a4 S wiysNl 0


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.2.3.1
http://jircsa.ir/article-1-495-en.html

[ Downloaded from jircsa.ir on 2026-06-24 |

[ DOR: 20.1001.1.24235970.1402.11.2.3.1]

£9 v Olag po JBlas (S5 ok 591 W gy CBS dmn Lo

ol i LSSVM (F) LY Jgaa 10 &) plusds Jhp opeiile laye JBlis Jae (639) slaytol )b (gly codgame ot sy
& s s oyl g0l Al yo 3 Vol Ll sl @Vl (S5 b aliio Ly s o RMSE (slls o (g0l dls yo 53 da ST o(canl 0
o> sl g Jae K3 ke &l 32l geil g joal Ay o s M) Sl ) )3 L g 009 S o3 Vb
W oS it |y (Sl Gos Jlade Jde pl it Dsg gV oy B (sl yial )b LSSVM (6399 45 s 5 1 ol

oy 4 4,51 95 o o3li] LSSVM Jio (6395 olsisas v o V B ol Shen (1971) abayl, celoyzol)ly 5 a5 olSin
S ol o Mol daly g Shen (1971) (o565 alasly 4 s (Juo)d ¥0 g yi0 +/¥Y i) E g RMSE (slas yolio g0l
IVF 4 c s allas yolie 390 o sanlie ygejl Als yo j3 a8 b len Jg ((+/5F) cunl 5Knp S5 4 NSE LK oy
4 ol 4B, Spg0 gty Jao Ssel ye5ie lagdg)g bl sl 03,5 i <IN & (L gy 5 a0)3 VE g e
ol dal 51 solizal w3l 39390 (v) o (Siloims ca il 5 (B) Ly 4l o558 (V) cospos sloosls L o5 olKin 50 ke
ly ye o> Shen (1971) o0 doles jI gy 85 (pl 9 3500 Cuzes )] LSSVM Jio &y cnd S5 0 )sN) Lawgs 0
s (e

WS e ot bils) K00 4 Camd ye €8 b 1y Snat es o5 cul Ly, j S Froehlich (1988) b,
plie oyl bigel A e )3 ol (slas pdlie dgmg b gd bl LSSVM Jae (6399 olgicds dbaly cpl (sl yzal )by oS ol5om
2 2yS e Sygo i Jao Shigel Waisdgys ol b &S amd o (L5 aomi nl el Bl (2 LB GRIBI geil Aoy
8y el gy e dlal, gl 55 g LSSVM ko yuses (S35 oy Lawsgs 00 Mool alasly 51 olizl il 55 sy
oo ol ko LSSVM Jae g ol oas g Mol dlaly 4 e Inglis-Poona 11 (1949) 56 daly 4 bgsye (slbad aiiun
4 Uhgy 90 o2l @B g 09eil 9 bigel Al je 4 bgye (slas LSSVM . Jue 5 St i yoS bawsgs oaib 3ol alasly 55 45yl
IV VY iy oy Al 5 0 2ol dlaly LSSVM e 13 NSE LS gy 0] dlis o 53 el S35 /50055
5 LSSVM (g, 31 aslitul cadly pogins 53 [Y) ol Gos 5 (B) b el (e csboosls kb o8 5500 el ol /¥
g o ety S vy oS ol 51 g

0905 9 Ubigel a5 Inglis-Poona | (1949) 4 Blench-Inglis 11 (1962) Froehlich-Design (1996) .y Llg,
Llyy 5 oslitl el Canl (0305 sl cslas ppolie gl LSSVM o 5 K55 oo bawgs o Mol Lalg) a4y G
D9 o iy laisee laslgy 4y Cuws LSSVM s g 0 ol

Sl Lol Lalg) &) s g5V €85 b |y (S polie o0d Mol Lalyy o LSSVM Jae S oy e IS sbas
B clo ol Sl b sls dgame LSSVM e (3958 gl cilises cela oyl 51 oolil blod & ax ylin .A555 0 oywass
5 oslatul 4 dgame dx gl blie 3 e eSS yiag |y (Swdol pdlie Jae cpl (63959 slayialb lgieas Dsg 9 V oy
J9 033 S slhd LSSVM e & s Siij i ysNl Lawgs 00 el Lallg I (30 )3 el bl 53 > slajielil
by 4w gy b (Stel oy )3 00 (s S50 sl jtel)l €85 A (WAF) pldews )5 35 (6508 bl
iy 0 pdle eSS Lol W (K] Gas (0059 )3 a8 B3 8 & p5 (o) g Sl sloaille Jibs oS (0]
Hoang & buc Majedi-Asl et al. (2020) « pinpa 20 &l Jod bB ess cn gl slayiolyl 1 oolatnl b atuiles
Gos ot SNl 503 5 (228 baly) 4 Cansd platdy oy gedle wiysNl i 3o 4 Goel (2015) 4 (2019)
W08 0Ll s b (Sl

=55 0P

5 275 bly) Sl HEA jl Ll ol 5 0litul LSSVM Jae (63959 plgicas cilien Lally) I Jols @bt <o 5 b9y cnl
olie gl o) slayasls 0 gt ol ord paseie ) Jgis > S iy Lawst o1 2okl Lalgy sl P 1
e i |y ciliee by, a5 51 Lol gl 5 ok (5 S ojl]

oodly gl b ot sy ol @S ceS 5 L Jae W g conl 4l (gpSmie (Bl g3l als e ) lapatls cl


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.2.3.1
http://jircsa.ir/article-1-495-en.html

[ Downloaded from jircsa.ir on 2026-06-24 |

[ DOR: 20.1001.1.24235970.1402.11.2.3.1]

(VEY ) als oY o)led) oyl 58T ol salolw £y

SISVl & 5)ls Jod LB b Lalgy cuS 5 5 Il il sl =+ /N e 5 o3 VoA 2o VoY ol dls o 3 g < /55 5 doyd
doyo oy sy sl el L g aisl Sy 4 555 NSE e g R? jiSlis E 3 RMSE (glhs (clajasls yolie Jilas
5 R? E RMSE (¢l jasls LE 3D C B A Lo Ll ol cuS 5 0 b ol sl 05,500y & osejl 5 Lojsel
Lolyy cuS 5 g oy90j] Al yo 13 +/YY g +/OA o )3 £5 I8 g bigel Ay )3 /OB g <IN o yd BY e +/FY 5 54 NSE
Ao yd B cyio +[OY g bigel Al e 13 < /OA g +/AA o> ¥ (jie +/F slapadls polie b cui g M g L K J d s Mol
ol Laly) 9 (2295 Laly) @l oS5 oyt 48 Cunl sl dlasl a8 oo lon ad ol (ygesl alsye 53 /YA 5 - /Y-
o iionn 225 Lalgy a5 SV 8133 jal A ya o Jgan o) pdlie o dgi b JS 53 g o3 Ko o a0 o o
5 baly) oS5 gl Aoy 3 ey el VL R g 5ol B g RMSE (slagjaslis (dlyls oas bl by oS 5
Ly, bl oS 5 LIS ysbds sl 250l R2 o YL E o RMSE (elajasls ghyls ons g Mol Lulyy oS 55 ) Conmd ol
day o 1y NSE 5 R? RMSE E (glaasls jolie aulie 5 Jooa 3 A8 o ioiin st |y (oSiwdd] Bas oad o]
LSSVM o aoeis oy a5} wia93) bawgs ()] oss Mol alasly ¢ o505 dlasly o0 5 848> lgsc 4 Froehlich (1988) o oo

An3 o U5 (ige3l g Ghigel Abye 3 1) S 5 LSSVM g Jitws (slo el L

Cilisco bulyy S 35 b (99031 9 (p90] Al 3o 13 LSSVM (oS 35 St (2955 pedlile (il (s pad LG -0 Jgoa
Table 5- Evaluation indices values for the results of the combination LSSVM model at the training and test stages
with the combination of different relationships

- . . . Train Test
Combination of different relationship E(%) RMSE (m) Rz NSE | E (%) RMSE (m) Rz NSE
A B 47 0.42 0.87 0.58 | 88 0.80 0.30 0.11
B, D 35 0.28 094 0.73 | 98 0.95 0.46  0.009
A B,C 40 0.33 092 0.66 | 105 0.91 036 -0.04
A B,D 51 0.45 0.85 055 | 72 0.68 0.49 0.27
B,D,G 52 0.54 0.78 0.51 | 81 0.75 0.50 0.24
A B,C D 37 0.32 0.92 0.68 | 118 0.99 0.34 -0.13
A B,CF 37 0.31 093 0.68 |98 0.87 0.46  0.009
A B,D,G 51 0.44 0.86 0.55 | 70 0.67 0.51 0.27
A B,D,H 36 0.31 0.93 0.69 | 119 1.01 035 -0.16
AB,C,D,E 52 0.43 086 055 | 66 0.61 0.58 0.33
A BCDF 36 0.31 0.93 0.69 | 111 1.01 0.42 -0.15
A B,D,GH 39 0.33 0.82 0.67 | 109 0.91 0.38 -0.04
A B,CDE, 50 0.42 0.87 057 | 71 0.67 0.52 0.27
ABCDEFG 51 0.43 0.87 0.56 | 67 0.63 0.56 0.31
A B,C,D,E F G H 49 0.41 0.87 058 | 72 0.66 0.54 0.27
1,J 61 0.56 0.77 0.46 | 58 0.60 0.65 0.34
J, L 59 0.59 0.74 048 | 58 0.51 0.71 0.41
1,J,K 54 0.45 085 054 |68 0.64 0.55 0.29
I,J, L a7 0.36 0.90 0.61 | 77 0.55 0.68 0.33
J,L,O 58 0.59 0.74 0.46 | 58 0.52 0.71 0.41
,J, K, L 48 0.39 0.89 0.58 | 69 0.50 0.72 0.39
,J, K,N 49 0.39 0.89 0.58 | 69 0.51 0.71 0.39
,J,L,O a7 0.37 0.9 0.60 | 75 0.53 0.69 0.36
,J, L, P 42 0.32 0.92 0.66 | 108 1.03 0.47 -0.10
LJLK LM 49 0.40 0.88 058 |50 0.52 0.70 0.38
LJ,K,L,N 49 0.39 0.89 058 | 67 0.56 0.66 0.34
,LJ,L,O,P 45 0.35 091 063 |92 0.88 0.47 0.003
,J,K,L,M, N 48 0.38 0.89 059 | 72 0.58 0.63 0.32
,LJ,K,L,M,N, O 48 0.38 0.89 059 | 72 0.62 0.59 0.29
,J,K,L,M,N, O 46 0.36 0.90 0.61 | 79 0.70 0.55 0.20
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Table 6- Comparison between different methods of estimation of scour depth of bridge pier

Train Test
Method E(%) RMSE(m) R? NSE |E(%) RMSE(m) R? NSE
Empirical relationship of Froehlich 1988 60 0.76 059 037 | 65 0.62 0.59 0.27
Modified relatlonsh!p of Frpehllch 1988 using 58 069 067 038 | 59 058 065 0.32
genetic algorithm
LSSVM model with independent input parameters 43 0.43 0.88 0.63 | 68 0.58 0.63 0.36
Combination LSSVM model 49 0.40 0.88 058 | 50 0.52 0.70 0.38
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