5. Appendices

Appendix A. Delay Mechanism Pseudo-code

Table Al.: Pseudo-code for assigning delay propagation mechanism 2 - arrival back-
ward propagation

Data: Darwin HSP

Result: Assign delay type 2 mechanism minutes

for All Data do

if Deviation from departure of primary train from station A = 0 then
| Next iteration

end

Filter secondary train journeys on the same day

Filter secondary train journeys that are arriving at station A

Filter secondary train journeys that are scheduled to arrive at station A after primary train is
scheduled to depart from station A

Filter secondary train journeys that actually have scheduled arrival time at station A before
primary train departs from station A

for Filtered journeys do
| Assign delay type 2 mechanism minutes

end

end

Table A2.: Pseudo-code for assigning delay propagation mechanism 3 - arrival forward
propagation

Data: Darwin HSP

Result: Assign delay type 3 mechanism minutes

for All Data do

if Deviation from arrival of primary train at station B = 0 then
| Next iteration

end

Filter secondary train journeys on the same day

Filter secondary train journeys that are arriving at station B

Filter secondary train journeys that are scheduled to arrive at station B after primary train is
scheduled to arrive at station B

Filter secondary train journeys that actually have scheduled arrival time at station B before
primary train arrives at station B

for Filtered journeys do
| Assign delay type 3 mechanism minutes

end

end
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Table A3.: Pseudo-code for assigning delay propagation mechanism 4 - departure back-
ward propagation

Data: Darwin HSP

Result: Assign delay type 4 mechanism minutes

for All Data do

if Deviation from departure of primary train from station A = 0 then
I Next iteration

end

Filter secondary train journeys on the same day

Filter secondary train journeys that are departing from station A

Filter secondary train journeys that are scheduled to depart from station A after primary train is
scheduled to depart from station A

Filter secondary train journeys that actually have scheduled departure time from station A before
primary train departs from station A

for Filtered journeys do
| Assign delay type 4 mechanism minutes

end

end

Table A4.: Pseudo-code for assigning delay propagation mechanism 5 - departure for-
ward propagation

Data: Darwin HSP

Result: Assign delay type 5 mechanism minutes

for All Data do

if Deviation from departure of primary train from station B = 0 then
| Next iteration

end

Filter secondary train journeys on the same day

Filter secondary train journeys that are arriving at station B

Filter secondary train journeys that are scheduled to depart from station B after primary train is
scheduled to arrive at station B

Filter secondary train journeys that actually have scheduled departure time from station B before
primary train arrives at station B

for Filtered journeys do
| Assign delay type 5 mechanism minutes

end

end
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Appendix B. Data Preprocessing Pseudo-code

Table B1.: Pseudo-code for filling in missing actual train arrival time at current station

Data: Darwin HSP
Result: Filled in missing arrival time of current station
while Number of total null values change do
for All Data do
if TDc,_, # null and TD¢,; # null and i # N then
TAcg;, <~ TDc, ;, + Unique travel time between stations Cy.; and C;
if TAc, > TD¢, then
TAg, < TDc, — Unique station dwell time of station C;
if TACi <TD¢,_, then
| TAg, < null
end
end
end
if TDc,_, # null and TD¢, = null and i = N then
‘ TAc, < TDc,_, + Unique travel time between stations C;.; and C;
end
if TDc,_, =null and TD¢, # null and i # N then
| TAcg, < TDc, — Unique station dwell time of station C;
end

end
Calculate total null values

end

Table B2.: Pseudo-code for filling in missing actual train departure time at current
station

Data: Darwin HSP
Result: Filled in missing departure time of current station
while Number of total null values change do
for All Data do
if TAc, # null and TAg,,, # null and i # 0 then
TDc, + TACi+1 — Unique travel time between stations C; and Cj+
if TDg, < TAg, then
TDc, + TAci + Unique station dwell time of station C;
if TDg, >TAcg,,, then
| TDc¢, + nul
end
end
end
if (TAc,,, #mnull andi=0) or (TAc, =null and TAc, , # null) then
‘ TDc, + TAc — Unique travel time between stations C; and Cjit
end
if TAc, # null and TAc,,, =null and i # 0 then
| TDc, + TAc, + Unique station dwell time of station C;
end

i+1

end
Calculate total null values

end
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Appendix C. Feature Engineering Process

Table C1.: Pre-processed data

Input Feature

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
0 -1 Friday 0 -1 To Didcot Parkway 0 1.0 No Yes Feb 12 1 1 2 22.0 0 0 0 0 0
-3 -2 Friday -3 -1  To Didcot Parkway 2 1.8 No No Feb 12 1 2 2 21.0 22 0 0 0 0
-5 -3 Friday -2 -1 To Didcot Parkway 3 22 No No Feb 12 1 3 2 9.5 21 0 0 0 0
-7 -4 Friday -2 -1 To Didcot Parkway 2 26 No No Feb 12 1 4 2 4.9 9 0 0 0 0
-9 -4 Friday -2 0 To Didcot Parkway 3 20 No No Feb 12 1 5 2 9.9 0 0 0 0
-9 -5  Friday -1 To Didcot Parkway 2 1.5 No No Feb 12 1 6 2 12.3 10 0 0 0 0
-9 -6 Friday -1  To Didcot Parkway 1 23 No No Feb 12 1 7 2 109 12 0 0 0 0
-10 -6  Friday -1 0 To Didcot Parkway 2 24 No No Feb 12 1 8 2 141 11 0 0 0 0
-10 4 Friday 0 10 To Didcot Parkway 11 34 No No Feb 12 1 9 2 172 15 0 0 0 0
1 22 Friday 11 18 To Didcot Parkway 10 3.7 No No Feb 12 1 10 2 124 18 O 0 0 11
Table C2.: Encoded pre-processed data

Input Feature

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
0 -1 4 -1 1 0 1.0 0 1 1 12 1 1 2 22.0 0 0 0 0 0
-3 -2 4 -3 -1 1 2 1.8 0 0 1 12 1 2 2 21.0 22 0 0 0 0
-5 -3 4 -2 -1 1 3 2.2 0 0 1 12 1 3 2 9.5 21 0 0 0 0
-7 -4 4 -2 -1 1 2 2.6 0 0 1 12 1 4 2 4.9 9 0 0 0 0
-9 -4 4 -2 0 1 3 2.0 0 0 1 12 1 5 2 9.9 5 0 0 0 0
-9 -5 4 -1 1 2 1.5 0 0 1 12 1 6 2 12.3 10 0 0 0 0
-9 -6 4 -1 1 1 2.3 0 0 1 12 1 7 2 109 12 0 0 0 0
-10 -6 4 -1 0 1 2 2.4 0 0 1 12 1 8 2 141 11 0 0 0 0
-10 4 4 0 10 1 11 3.4 0 0 1 12 1 9 2 17.2 15 0 0 0 0
1 22 4 11 18 1 10 3.7 0 0 1 12 1 10 2 12.4 18 0 0 0 11
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Table C3.: Encoded pre-processed data

Input Feature

Tue Wed Thu Fri Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

Table C4.: Input matrix
Input Feature
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
-0.48 -0.50 -0.51 -0.51 199 -030 -031 -0.30 -0.31 -0.30 -0.30 -0.29 -0.31 -0.30 -0.31 -0.28 -0.36 -0.57
-0.48 -0.50 -0.51 -0.51 199 -030 -0.31 -0.30 -0.31 -0.30 -0.30 -0.29 -0.31 -0.30 -0.31 -0.28 -0.46 -0.60
-0.48 -0.50 -0.51 -0.51 199 -030 -031 -0.30 -0.31 -0.30 -0.30 -0.29 -0.31 -0.30 -0.31 -0.28 -0.54 -0.64
-0.48 -0.50 -0.51 -0.51 199 -030 -0.31 -0.30 -0.31 -0.30 -0.30 -0.29 -0.31 -0.30 -0.31 -0.28 -0.61 -0.67
-0.48 -0.50 -0.51  -0.51 199 -030 -0.31 -0.30 -0.31 -0.30 -0.30 -0.29 -0.31 -0.30 -0.31 -0.28 -0.68 -0.67
-0.48 -0.50 -0.51 -0.51 199 -030 -0.31 -0.30 -0.31 -0.30 -0.30 -0.29 -0.31 -0.30 -0.31 -0.28 -0.68 -0.70
-0.48 -0.50 -0.51 -0.51 199 -030 -0.31 -030 -0.31 -0.30 -0.30 -0.29 -0.31 -0.30 -0.31 -0.28 -0.68 -0.74
-0.48 -0.50 -0.51 -0.51 199 -030 -031 -0.30 -0.31 -0.30 -0.30 -0.29 -0.31 -0.30 -0.31 -0.28 -0.71 -0.74
-0.48 -0.50 -0.51 -0.51 199 -030 -031 -0.30 -0.31 -0.30 -0.30 -0.29 -0.31 -0.30 -0.31 -0.28 -0.71 -0.40
-0.48 -0.50 -0.51 -0.51 199 -030 -031 -0.30 -0.31 -0.30 -0.30 -0.29 -0.31 -0.30 -0.31 -0.28 -0.32 0.20
Input Feature
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

-0.35  -0.78 093 -0.77 -0.44 -0.30 330 -0.51 -1.62 -1.31 0.38 2.04 -1.09 -0.16 -0.15 -0.15 -0.23
-1.06  -0.78 0.93 0.24 0.28 -0.30 -0.30 -0.51 -1.62 -1.12 0.38 1.89 198 -0.16 -0.15 -0.15 -0.23
-0.82 -0.78 0.93 0.74 0.59 -0.30 -0.30 -0.51 -1.62 -0.93 0.38 0.24 1.84 -0.16 -0.15 -0.15 -0.23
-0.82 -0.78 0.93 0.24 099 -030 -0.30 -0.51 -1.62 -0.74 0.38  -0.43 0.17 -0.16 -0.15 -0.15 -0.23
-0.82  -0.52 0.93 0.74 0.47 -0.30 -0.30 -0.51 -1.62 -0.55 0.38 029 -039 -0.16 -0.15 -0.15 -0.23
-0.35  -0.78 0.93 0.24 0.01 -0.30  -0.30 -0.51 -1.62 -0.35 0.38 0.64 0.31 -0.16 -0.15 -0.15 -0.23
-0.35  -0.78 093 -0.27 069 -030 -0.30 -0.51 -1.62 -0.16 0.38 0.44 0.59 -0.16 -0.15 -0.15 -0.23
-0.59  -0.52 0.93 0.24 0.82 -0.30 -0.30 -0.51 -1.62 0.03 0.38 0.90 045 -0.16 -0.15 -0.15 -0.23
-0.35 2.04 0.93 4.77 170  -0.30 -0.30 -0.51 -1.62 0.22 0.38 1.35 1.00 -0.16 -0.15 -0.15 -0.23
2.24 4.10 0.93 4.27 192 -030 -0.30 -0.51 -1.62 0.41 0.38 0.65 142 -0.16 -0.15 -0.15 2.02
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Appendix D. DNN vs XGBoost Results

XGBoost 2 Step - Arrival Deviation Plot

g & g

Predicted Arrival Deviation (min]

0
Actual Arrival Deviation [min]

(a) 2-step DNN deviation from arrival

XGBoost 2 Step - Departure Deviation Plot

60

Predicted Departure Deviation [

0 10 20 30 40 50 60 70
Actual Departure Deviation [min]

(C) 2-step DNN deviation from departure

37

Predicted Arrival Deviation (min]

XGBoost 2 Step - Arrival Deviation Plot

8

Predicted Departure Deviation [min]

8

4 20 40 60
Actual Arrival Deviation [min]

(b) 2-step XGBoost deviation from arrival

XGBoost 2 Step - Departure Deviation Plot

0 10 20 30 40 50 60 70

Actual Departure Deviation [min]

(d) 2-step XGBoost deviation from departure



Predicted Travel Time [min]

Predicted Dwell Time [min]

XGBoost 2 Step - Travel Time Plot

8

Actual Travel Time [min]

(e) 2-step DNN travel time

XGBoost 2 Step - Dwell Time Plot

60

ceeeee

20
Actual Dwell Time [min]

(g) 2-step DNN dwell time

38

3

Predicted Travel Time [min]
8

XGBoost 2 Step - Travel Time Plot

8

Actual Travel Time [min]

(f) 2-step XGBoost travel time

XGBoost 2 Step - Dwell Time Plot

“cesesessecce

20
Actual Dwell Time [min]

(h) 2-step XGBoost dwell time

60



Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

XGBoost 3 Step - Arrival Deviation Plot

g

8

‘Actual Arrival Deviation [min]

(1) 3-step DNN deviation from arrival

XGBoost 3 Step - Departure Deviation Plot

30
°
S o580
20 00050
o 000"

0 10 20 30 40 50 60 70
Actual Departure Deviation [min]

(k) 3-step DNN deviation from departure

39

Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

XGBoost 3 Step - Arrival Deviation Plot

g

0 20 40 60
‘Actual Arrival Deviation [min]

(J) 3-step XGBoost deviation from arrival

XGBoost 3 Step - Departure Deviation Plot

20 30 a0 50 60 70
Actual Departure Deviation [min]

(1) 3-step XGBoost deviation from departure




XGBoost 3 Step - Travel Time Plot XGBoost 3 Step - Travel Time Plot

g

Predicted Travel Time [min]

o @

Predicted Dwell Time [min]

60
50
w0
E
000000 N
0000000000000 O E
£
EE) e3353025:
s0ess0: £ 33,
£ fssssses
g : o
ecessssss5s ] 33333350
& 20 x
10
o
o 10 20 50 60 70 0 10 20 50 60
Actual Travel Time [min] Actual Travel Time [min]
m) 3-step DNN travel time (n) 3-step XGBoost travel time
XGBoost 3 Step - Dwell Time Plot XGBoost 3 Step - Dwell Time Plot
20
° o
ceecoccoe
ceeeccecce
15
ceeeessccco
50 ceeeeescecoos .
E
scecesesseccos f . ceessesce
Eo . oo ecoee
ceceesescsccs 3
H e00cceeeee eec oo
sceeesessec o o g ceceessesccsce
3 cecscccscse .
000000000000 00 = cTeeeeeeccce °
5 cescescccc o
cececsecececco o
cescescescc o
ceeseessescecccco eeeecse0s00c oo
ceeeescesccccoco
cececscccccco Ceeeessssenn
o ceeeec o
IXEXE
.o
J 5 1 0 25 30 J 5 10 15 2 25
Actual Dwell Time [min] Actual Dwell Time [min]
(0) 3-step DNN dwell time (p) 3-step XGBoost dwell time

40



Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

XGBoost 4 Step - Arrival Deviation Plot

50
w©
L
0
o &
oo
2o’
o oo
352208
000 o
So’ess0e
2 o0 oasass’
o Somes
10
-
o
o 20 40 60
Actual Arrival Deviation [min]
(q) 4-step DNN deviation from arrival
XGBoost 4 Step - Departure Deviation Plot
50
a0

8

!mmrw .
o i $e
il ‘j ! t
e do 8388

-
° u’
8

10 20 30 a0 50 60 70
Actual Departure Deviation [min]

(S) 4-step DNN deviation from departure

41

XGBoost 4 Step - Arrival Deviation Plot

8 8

Predicted Arrival Deviation [min]

8

Predicted Departure Deviation [min]

0 20 40 60
Actual Arrival Deviation [min]

(1‘) 4-step XGBoost deviation from arrival

XGBoost 4 Step - Departure Deviation Plot

Actual Departure Deviation [min]

(t) 4-Step XGBoost Deviation from Departure




Predicted Travel Time [min]

Predicted Dwell Time [min]

8

B

XGBoost 4 Step - Travel Time Plot

50 60 70
Actual Travel Time [min]
(11) 4-step DNN travel time
XGBoost 4 Step - Dwell Time Plot
eecesccccs o
seccescsscccocc
sescescescoc oo
eecescescccc coe
eecescece )
ceeeessesco sooo
seeeessccccccsc o
ceseecesscscccon
cecescsesceccos
cesces
J 0 25 30

(W) 4-step DNN dwell time

1
Actual Dwell Time [min]

42

3

XGBoost 4 Step - Travel Time Plot

60
50
40
E
s
£
S
£
3
g
Ea
10
o
0 10 20 50 60 70
Actual Travel Time [min]
V) 4-step XGBoost travel time
XGBoost 4 Step - Dwell Time Plot
175
150
125
S secoe
ceeecscce
° ceccecosno
ceecceeesescscccn
ceescesesssscocc oo
75
ceeceseececc oo
cescescscec
50 cecscescec o N
ceeeesescco
escecscccoc o
25
ceeeesesesccsccon
ceesessccec
00 ceseec o
esos
oo
25
J 5 2 25 30

10 15
Actual Dwell Time [min]

(X) 4-step XGBoost dwell time




Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

g

XGBoost 5 Step - Arrival Deviation Plot

20 40 60
‘Actual Arrival Deviation [min]

(y) 5-step DNN deviation from arrival

XGBoost 5 Step - Departure Deviation Plot

50 60

°
B

Actual Departure Deviation [min]

(aa) 5-step DNN deviation from departure

43

Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

g

XGBoost 5 Step - Arrival Deviation Plot

4 20 40 60
Actual Arrival Deviation [min]

(Z) 5-step XGBoost deviation from arrival

XGBoost 5 Step - Departure Deviation Plot

0 10 20 30 40 50 60 70
Actual Departure Deviation [min]

(ab) 5-step XGBoost deviation from departure




XGBoost 5 Step - Travel Time Plot XGBoost 5 Step - Travel Time Plot

8

Predicted Travel Time [min]

Predicted Dwell Time [min]

50
40
coscsscssesseco -
E 30
N
E
=
£
3
S20
00000 H
sessoco
cssence
oo,
eoeesco
cecesco
sovecs
sveeseco
so0s0e 10
00000
osssssssccs
Seeveeees
sosceses
oosee00es
csosss
by
o %
3 o
H
o 10 20 50 60 70 0 10 20 50 60
Actual Travel Time [min] Actual Travel Time [min]
(ac) 5-step DNN travel time (ad) 5-step XGBoost travel time
XGBoost 5 Step - Dwell Time Plot XGBoost 5 Step - Dwell Time Plot
20
ceo
ceescce o °
° ®ee00 0000 15
oo o seseesccocoe
ceecco
Leccceesess ocoooe - . Lesecone
eeco0coeo 3 ce0c00 o0
P
£ ccceeesecsscce
soeo £
3 cceceeeeessce oo
ceeeccesccn e ° 3 ccecesesescco o
eesecesscoe g eesccessccnc
ceseseses & eeecsecccco
5 ceesesscccc
cceeeeeeesecccoo
ceescsoc oo
secsesescccccos ceceesesssc o
cecscsscscccccc ceesesesccccc
ceeesessccen
o] seeses o
coee oo
o 5 0 0 25 30 o 5 2 25
Actual Dwell Time [min] Actual Dwell Time [min]
(ae) 5-step DNN dwell time (af) 5-step XGBoost dwell time

44



Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

8

XGBoost 6 Step - Arrival Deviation Plot

°

8

4 20 40 60
‘Actual Arrival Deviation [min]

(ag) 6-step DNN deviation from arrival

XGBoost 6 Step - Departure Deviation Plot

0 10 20 30 40 50 60
Actual Departure Deviation [min]

(ai) 6-step DNN deviation from departure

45

Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

XGBoost 6 Step - Arrival Deviation Plot

g
°

10
o
13 % ) £
Actual Arrival Deviation [min]
(ah) 6-step XGBoost deviation from arrival
XGBoost 6 Step - Departure Deviation Plot
s0
a
30
o
o
20 Sotes:
X
%0005 o
03058 0
000020900505
S00s8cc00 0
os0ss05000
. oe22ece0s] o
o Cooseessesssese
So000osessessssescoo
10 o700 oosssesesssss
352000ssssesssssosce
Seesesssesesese
B
233300ssssesress
osssssssseesess 0
pro oo
Sasssssssseesses e
osesssssssesseesie’
Sosseeeeeeees
0 e
0
o 10 50 60 70

Actual Departure Deviation [min]

(aj) 6-step XGBoost deviation from departure



Predicted Travel Time [min]

Predicted Dwell Time [min]

g

@

o

XGBoost 6 Step - Travel Time Plot

20 30 40 50 60 70
Actual Travel Time [min]

(ak) 6-step DNN travel time

XGBoost 6 Step - Dwell Time Plot

o
Actual Dwell Time [min]

(am) 6-step DNN dwell time

46

Predicted Travel Time [min]

Predicted Dwell Time [min]

XGBoost 6 Step - Travel Time Plot

50
W
30 900000
ocs0e:
oce
o0s:
css
ossss
o0ceses
oc008s
oo
20 oee0e
P
10
o
0 10 20 30 40 50 60 70
Actual Travel Time [min]
(al) 6-step XGBoost travel time
XGBoost 6 Step - Dwell Time Plot
2
20
15
cceoe
cececco
secocone
o ecececo
10 o soso
cocee e o o
cescee seocoe
cecee o
ccsee
s cecee > .
cceee s
cecee o
cssoe
TR
o PR
o 5 20 25 30

Actual Dwell Time [min]

(an) 6-step XGBoost dwell time




Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

60

60

XGBoost 7 Step - Arrival Deviation Plot

‘Actual Arrival Deviation [min]

(ao) 7-step DNN deviation from arrival

XGBoost 7 Step - Departure Deviation Plot

°
B

50 60
Actual Departure Deviation [min]

(aq) 7-step DNN deviation from departure

47

Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

8

8

XGBoost 7 Step - Arrival Deviation Plot

4 20 40 60
Actual Arrival Deviation [min]

(ap) 7-step XGBoost deviation from arrival

XGBoost 7 Step - Departure Deviation Plot

50 60 70

°

Actual Departure Deviation [min]

(ar) 7-step XGBoost deviation from departure




Predicted Travel Time [min]

Predicted Dwell Time [min]

8

@

>

XGBoost 7 Step - Travel Time Plot

osssses
o
ose
o
o
essee.
oo
o
H
H
o 20 40 50 60 70
Actual Travel Time [min]
(as) 7-step DNN travel time
XGBoost 7 Step - Dwell Time Plot
oo oo
sosono
ceesccocno
ceseescccs o
ceeececcccc o
coe ecocce
eeesescccoco
eseseccnc
esesccnc
. eeesecococc o
.o eeseccon
cee eececon
cee
B
o 5 0 25 30

o
Actual Dwell Time [min]

(au) 7-step DNN dwell time

48

H
3

Predicted Travel Time [min]
8

XGBoost 7 Step - Travel Time Plot

10 20 30 40 50 60
Actual Travel Time [min]

(at) 7-step XGBoost travel time

XGBoost 7 Step - Dwell Time Plot

eeec0co00

Actual Dwell Time [min]

(av) T-step XGBoost dwell time




60

Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

g

XGBoost 8 Step - Arrival Deviation Plot

o

4 20 40 60
‘Actual Arrival Deviation [min]

(aw) 8-step DNN deviation from arrival

XGBoost 8 Step - Departure Deviation Plot

® - 000
° 09000

0 00500 0
° 3 3°0c0000
° 0900000000 00
°

B ujli
l r
. "9. 3

o §° 258238

50 60 70

°
B

Actual Departure Deviation [min]

(ay) 8-step DNN deviation from departure

49

g

Predicted Departure Deviation [min]

Predicted Arrival Deviation [min]

XGBoost 8 Step - Arrival Deviation Plot

8

4 20 40 60
Actual Arrival Deviation [min]

(ax) 8-step XGBoost deviation from arrival

XGBoost 8 Step - Departure Deviation Plot

Actual Departure Deviation [min]

(az) 8-step XGBoost deviation from departure




Predicted Travel Time [min]

Predicted Dwell Time [min]

XGBoost 8 Step - Travel Time Plot

o
Actual Dwell Time [min]

(bC) 8-step DNN dwell time

cesessssssscce
osssssc
o
e
esssssco
.
.
ooveo.
escee
poosesss
oo
escsesco
sesssecee
[oeeses
10 20 30 40 50 60 70
Actual Travel Time [min]
(ba) 8-step DNN travel time
XGBoost 8 Step - Dwell Time Plot
cooe
sce0escono
ecescscs o
oo eseccco o
.o esecc
ceee eeo cee
coee eoe soee
cece e000 ee0es
cecee seecee
cecee )
cecee )
.o
B
o 0 25 30

20

Predicted Travel Time [min]

Predicted Dwell Time [min]

XGBoost 8 Step - Travel Time Plot

4 10 20 30 40 50 60
Actual Travel Time [min]

(bb) 8-step XGBoost travel time

XGBoost 8 Step - Dwell Time Plot

cee0e000 0o

sceeeecscon

Actual Dwell Time [min]

(bd) 8-step XGBoost dwell time




Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

XGBoost 9 Step - Arrival Deviation Plot

s0
o
Y
o
5
2
10
o
Y &
Actual Arrival Deviation [min]
(be) 9-step DNN deviation from arrival
XGBoost 9 Step - Departure Deviation Plot
40
2

°
B

50 60
Actual Departure Deviation [min]

(bg) 9-step DNN deviation from departure

o1

Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

g

XGBoost 9 Step - Arrival Deviation Plot

°
% ooo
9 000 0o
C3

oo

4 20 40 60
Actual Arrival Deviation [min]

(bf) 9-step XGBoost deviation from arrival

XGBoost 9 Step - Departure Deviation Plot

0 10 20 30 40 50 60 70
Actual Departure Deviation [min]

(bh) 9-step XGBoost deviation from departure




Predicted Dwell Time [min]

Predicted Travel Time [min]

XGBoost 9 Step - Travel Time Plot

seee0000°00

ceesescs
°
eoce
oo
o0
esees
ceeo
ceesec
prees
osees
cesessoss
os00s000
cs00e0s
esoses
esseo
o0
10 20 30 40 50 60 70

Actual Travel Time [min]

(bl) 9-step DNN travel time

XGBoost 9 Step - Dwell Time Plot

°

o e 00 0 o o
° e 000 00 °
o o e e 00000000 00

10
Actual Dwell Time [min]

(bk) 9-step DNN dwell time

92

H
3

Predicted Travel Time [min]

XGBoost 9 Step - Travel Time Plot

.
°
ceeo
oo
pes
oo
ese000
cesseec
es0s0s00e0 0
oceseo

10 20 30 40 50 60
Actual Travel Time [min]

(bJ) 9-step XGBoost travel time

XGBoost 9 Step - Dwell Time Plot

10
Actual Dwell Time [min]

(bl) 9-step XGBoost dwell time




Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

XGBoost 10 Step - Arrival Deviation Plot

Actual Arrival Deviation [min]

(bm) 10-step DNN deviation from arrival

XGBoost 10 Step - Departure Deviation Plot

) 10 20 30 40 50 60 70
Actual Departure Deviation [min]

(bO) 10-step DNN deviation from departure

93

Predicted Arrival Deviation [min]

Predicted Departure Deviation [min]

g

8

XGBoost 10 Step - Arrival Deviation Plot

Actual Arrival Deviation [min]

(bn) 10-step XGBoost deviation from arrival

XGBoost 10 Step - Departure Deviation Plot

50 60 70
Actual Departure Deviation [min]

(bp) 10-step XGBoost deviation from departure



Predicted Travel Time [min]

Predicted Dwell Time [min]

@

XGBoost 10 Step - Travel Time Plot

10
Actual Dwell Time [min]

(bs) 10-step DNN dwell time

pm—
pam—
e
-
.
-
-
-
pr—
o
pm—
—
—
o
-
-
20 40 60 80 100
Actual Travel Time [min]
(bq) 10-step DNN travel time
XGBoost 10 Step - Dwell Time Plot
) .
DRI .
©ce occeeeeeesco oo
e ceceeesee e o oo
ceeeeee0eco o 0o
ceeesee0 000000 o
ceee e o0 oo
ceeeee 0o oo
eeeoecee 0o oo
ceece0 00000 B
D A A A
DRI
0 5 15 20

o4

Predicted Travel Time [min]

Predicted Dwell Time [min]

8

XGBoost 10 Step - Travel Time Plot

20 40 60 80 100
Actual Travel Time [min]

(br) 10-step XGBoost travel time

XGBoost 10 Step - Dwell Time Plot

o e
oo e
o .
o e e o
o e e o o000 o0

10
Actual Dwell Time [min]

(bt) 10-step XGBoost dwell time




Appendix E. DNN Training and Validation Loss
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Appendix F. XGBoost Training and Validation Loss
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