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2.1 URM: Route Allocation Improvement Function

2.2 TSP Estimation
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Route Allocation Improvement Function :

2
2. TSP(Traveling Salesman Problem) Estimation :
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URM: Route Allocation Improvement Function
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2.2 TSP Estimation
TSP Estimation YTO0IA= DAlgd 7|8 o= HS =HESIOH, TSP
OIAEIAO| T3t XX ZZ ZO|Z FHSIHUCL O|Z 9Isf FNN(Feed-forward
|

Neural Network), GNN(Graph Neural Network), Pointer Networ
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3.1 URM: Route Allocation Improvement Function
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Algorithm 1 Rounte Asagmment Algorithm

Tor cach ronte do
il ronte 5 pob assigned then
if assigmnent is possible then

Assipn ronts

end il

and il

il all routes are assigned then
return

emd i

end for
Reset rontes
for cach previonsly assigned route do
Maodify one existing route
for cach moute do
iF rouie is ol assigned then
i asignment is prwsille then

Assign route

end il
end if
i all ronibes are assigoed Lhen
return
end il'
end for

end for
Reset rontes
il unassignesd moules exist then
for cach previonsly assigned rote do
H]IJI!“-I\' Lwo existing routes
for each route do
il romte is pol assigned Lthen
il assignment s possible then
Assign route
end iF
end il
il all rontes are s then
return
end if
end for
end for
end il

[ 28 1 pseudo code ]
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Route Info List:

1-> Berth : MWoUd, Yard : O, Route Index : 6

2-> Berth : MWO6, Yard : G, Route Index : 193
3-> Berth : MWOl, Yard : - 1, Route Index : -1
l-> Berth : MWO3, Yard : A, Route Index : 36
D FEJ 4352z 225AsUHL.

Route Info List:

1-> Berth : MWeUd, Yard : O, Route Index
2-> Berth : MWO6, Yard : G, Route Index
3-> Berth : MWOl, Yard : K, Route Index
4-> PBerth : MWO3, Yard : A, Route Index

3.2 TSP Estimation
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FNN(Feed-forward Neural Network)
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Hidden
layer

Input

Output
layer
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GNN(Graph Neural Network)
o2 H|O|E: EAISC| Jdej= BH(LCEQ X2 X3}
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Pointer Network
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FNN(Feed-forward Neural Network)
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Total Loss Over Epochs

Path Length Metrics Over Epochs

Mode Classification Accuracy Over Epochs
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TSP Instance: random 5P instance: clustered TSP Instance: one_side TSP Instance; grid
Cities: 62 : Cities: 62 Cities: 62
Predicted: 672.65 Predicted: 486.17 Predicted: 488.49 Predicted: 716.80
Actual: 674.94 Actual: 463.56 Actual; 538.46 Actual: 720.50
Error; 0.34% Error: -5.31% Error: 9.28% Error: 1.75%
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TSP Instance: circle
Cities: 62
Predicted: 252.80
Actual: 251,22
Error; -0.63%
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GNN(Graph Neural Network)
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TSP Instance: line
Cities: 62
Predicted; 284.56
Actual: 277.47
Error: -2.56%
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TSP Instance: diagonal
Cities: 62
Predicted: 300.22
Actual; 287.62

Error: -4.38%
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Estinating 14 cities [nstance (randon)

G Beam Search Decoded Path Lenath: 402,14

Nearest Nefghbor + 2-opt Path Length: 372.09

Error between GWN (Bean Search) and Mwt2-opt: B.0BX
Prediction Tine: GNN = D.0151 sec. NWZ-opt = 0.0112 sec
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Estiwating 14 citles iastance (arid)

G Bean Search Decodad Path Length: 31381
Nearest Meighbor + 2-oot Path Lenoth 0.9
e G (Beas Search) and WisZ-o0t
Tise: N = 0.0030 sec, 2ot

157 2 v 1| Gt e

Estivating 18 cities instance (ling)

G Bean Search Decoded Path Length: 193,67

Nearest Nelghbor + 2-cot Path Length: 190.71
Error between GNN (Bean Search) -and NN+Z-ont:
Prediction Tine: G = 0.0226 sec,

1.55%

Estinating 14 cities instance (clustered)

GRN Bean Search Decoded Path Length: 147,74
Nearest Nelghbor + 2-opt Path Length: 1459
Error between GNN (Bean Search) and NN+2
Prediction Tine: G = 0.0153 sec, NN+«2-

Estimating 18 cities Instance {one_sice)
GNN Bean Search Decoded Path Length: 255.B1
Nearest Nelghbor + 2-ont Path Lenath: 287,90

Error between GHN (Bean Search) and Mb2-opt |
Prediction Tine: GNN = 0.022] sec, NN+2-opt -[;gma:
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Wi Z-opt = D.0112 sec
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Estinating 20 cities instance (circie)
GNN Beam Ssarch Decodsd Path Length: 250.30

Nearest Meightor + 2-cpt Path Lenoth: 250,90
Error betaeen QN ( rehl and We2-cot- 0.0
Prediction Tive: Gl = 0.000 sec. Wi2-opt = 0.0109 sec

Estinating 11 cities Instance (diagonal )

GMN Bean Search Decoded Path Length: 223,79
liearest Neighbor + Z-opt Path Length: 231.02
Error betveen GMM (Boan Search) and Mis2-cot
Prediction Tiee! BN = 0.0015 sec, MBZ-opt =
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PPO Actor-Critic Training Rewards
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Mode=randon, #Cities=I8 Hode=clustered, #Cities=17 Wode=cne_side, #Cities=I7
PointerNetuork Tour Lenath = 858,70 PointerNetyork Tour Length = 5397 89 FointerNeteork Taur Length = 607,75
NNeZopt Tour Length = 440,56 NNeZopt Tour Lenath = 254,75 M+2ont Tour Length = 251,40
Error = 67.18% Error = 134.53% Error = 141.74%
PointerNet Inference Time = 0.1529s, NN+2opt Tine = 0.0260s PointerNet Inference Tine = 0,1426s, N+Zopt Tiee = 002055 PointerNet: Inference Tine = O.1463s, N\#Zopt Tine = D.0236s
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Mode=grid, #Citlies=10
PointerNetwork Tour Length = 615,74

+Zapt Tour gth = 374.54
Error = b4 408

PointerNet Inference Tine = 0.0387s, NM+Zopt Tine = 0.0021s Pointerhet Inference Tine = 0.1578s, NN+Zopt Time = 0,010Gs

Mode=| ine, #Cities=|8 Mode=diagonal, #Citles=14
Pointerbetvork Tour Length = 659,85 Pa ur Le
NN+2ept Tour Length = 238,15 h th =
Error = 176,2 Error =
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