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4. Methodology
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4.2.2 Masked Self-Attention (Gt& _Fominig)
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4.2.2 Masked Self-Attention (Gt& _Fominig)
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4.2.3 Cross-Attention

1 0« XW,+1b] [[Query € R'x*%]]

Multi-Head

2 K « ZW; +1b] [[Key € R'z*%]]

ENCODER Attent|on 3 V « ZI’VU - le“ [[Value c Rlzxde]]
FArE/NR T
o [gl,;._.,zi,._.jm] r_) 4 A « softmax (M + Q\/IZ_ ) [[Attentionweight € R/xX/z]]
i 5 YAV
‘:ngvmﬁutuya
R _ 21 P~ .
R=lc.cl R =1, ...,6
DECODER ﬂ @ m’m@ =
s HFREFICC.R DOIBED U UIC R=[2..7, . " | 1 bre b e e e

Q Q Q Q G

STETAEH

Qs Ky | Q5+ Ky | Qg Ky | O7- Ky

Ks | Q4 Ks | Q5 Ks | Qg Ks | Q7+ K

L Wk oo | . ~ - -
Fg K(; Q;°Ks | Qe Ks | Q3K | Q4K

32



4.2.4 Multi-Head Attention

2)

N 17 (1) 1 (2) 7(3) 1xr(4 ) A ) D) ol
. %B%‘“i{ajﬁiﬁ:b @Q,K,Vd)%ﬂgj‘ébﬁ%fﬁ D . %h Wo o Wg H(‘{;)) ﬂé)l) n,&) Ug) Wy, W W e

FhOMHEHEITONTDAttention LVOES K  [ESNEEEEEEE
= — /= LD L D L S LW W LWy AWy AW, S, e e
FMEHEL. TNSEREELEITIERNTS g

Y" = Attention(X, Z |w2,w, M),

MHAttention(X, Z|W, M) = [Y!, ..., Y", ... . YHIW +1b,T

S>EZXBOZEAGRIE COEBE. EFKEBE ) ZHH
RoutesFormerTldAw F# 8

33



| 425 ZOHOMWA

Feed
Forward

FFN(X

WA - Re LU #RAZ Z iR

W,b;,W,, b)) =ReLUXW, +1b, )W, + 1b,T

(327k5t (B&iAAHXIT) — HREE128RIT — 32R7T)

Add & Norm

LNX'|y,B) =7

Y bT—=0%BTRIOITHICKRY FT—JDHNEREL
(FRERES) « REICDIDHICIERIL

X -
gy

Vol +e

HAZREBRLI-DBIC. softmax
—RDEEE/) >0 DFERERE LTHD

Unembedding(X|W ) = softmax(XW )

Most likel
next link y_/\
Linear
DECODER
f
l Add & Norm |<ﬁ
Feed
Forward
ENCODER
e ~\ Add & Norm
_ :
el Mo Multi-Head
Feed Attention
Forward 7T 7 ) Nx
\.
Nix Add & Norm
f—>| Add & Norm l NEERSd
Multi-Head Multi-Head
Attention Attention
_t At 2
C— J . —
Positional D ¢ Positional
Encoding Encoding
Input Output
Embedding Embedding
Tl T t
o _ =l =2 i R

R=J[e,e,...,e

9 e

34

Sy Sy

Le®ly R =p[a,¢2,...

2



‘421y:—ﬁ—-?:—ﬁ—

ENCODER

) >0 DIER

Output
Probabilities

Linear

\4

P

Fi50@E3~s (AT Nom

DECODER

Feed
Forward

e - R
Add & Norm

Multi-Head
Attention

Feed
EEIIN=4T] Forward
IO¥DET \® — 1

R=1[e, 2, ..¢,.

Positional
Encoding

Multi-Head
Attention

| gERsrEE ——

1 L7-RERICEH ‘)_®

Masked
Multi-Head

Attention

—|R
”a H

ESr AW
(=AAREBDOXE)

T #(iE (4. 186)

Input

Embedding

Output
Embedding

T

Inputs

T

Outputs
(shifted right)

)

Positional
Encoding

P

P(ﬁi+1)
RDV2T By
i é‘i+1
i

.

~1l

R =T¢l,é2,...,¢

CNEXTHEwRLIZD VY

<«

(=S FTERLHER)




P(ﬁi+1)

4.3 RoutesFormeri|Z & |7 B Attention D EEFR iy o [

next link y_/-\ -i

- (DAttention to links-to-pass (ALP) L |
- DecoderIMCross-Attention N — =

c +HEEDY VO DHRE. 22— 50— ILE oowm [ i
TOMREDBEBZINZTUVIC. EORETEXMEIT  [ENCOER 5

N

TWBH (=Z2IHSCDRERBREZ/TVLSHY) [ —(aeNom) | (DALP

. . Feed Attenti i

Inferring next link Forward — Nx

> . ORTETENETE |

EEE BN N EEO e | [Fes] @ALT

Multi-Head Multi-Head I

AR Attention Attention \ H

( ) ,) — J i

lg- § DO NOT CARE Positional D 4 Positional i

~ G Encoding % Encoding 1

= O :

e | O I

i) (}J ALP Emgg;(;ing Embu;ggitng i

;;Cc T#fiE t v
i R=J[e,e,..,e,...,e"] R =[el,e,...,¢

36



4.3 RoutesFormeric &1+ 3 Attention D TR

- (2Attention to links traveled (ALT)

« DecoderAMSelf-Attention

- H1BBD Y VU DR, XAX—FHSIBEBETOD

NEFTUSTILVVICEDEEEEZHEITT
WaH (=EIHh B CDEEBRZEFTCLSHY)

- F1BBED) D OHREFICIZEED VI UANDIFREET
A09dc. WED) VIDADSIBEHRZES (=<)L
7IRE) KR35 (FFR) —5.581 Ablation Study

Shifted
HEE BN N EEO

Links traveled

Inferring next link

ALT

R

MASKED

MASKED

MASKED

ENCODER

FEDEDAS
Yo DR

\.

e 4 ~\
Add & Norm

Feed
Forward

P(ﬁi+1)

Most likel
next link y/\

Linear

7

Add & Norm

Feed
Forward

N
L_Add & Norm

Multi-Head
Attention

Nx | —(CAdd & Norm )

[ A 8 Nere |
Masked

DECODER

N x

Multi-Head Multi-Head
Attention Attention
L e
 C—
.
Positional Positional
Encodi ? ¢ i
ncoding Encoding
Input Output
Embedding Embedding
T %A T
o _ =l =2 i %

R=J[e,e,...,e

° 9 oo

Rl
.,el I]:

37

e |

MALP

@ALT

S ——

R =1[¢l,é2, ...

~
, €

]
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5. Case study




517 —XE * LEBXR

« 2011F3RD. EBDHX U > —840T5DGPS

=_ 4 LEBIRDET L
« GPSDY > F1) > RIRR10%) + Path size logit (PSL)
c NERETVBXEADT—2DHABWVS - DNN-PSL
. 80%%&FIRA. 20%% TR MBET—RLL * Recursive Logit (RL)
TRWS - Adversarial Inverse Reinforcement
. BREHT — 2 OB : (a)% (D)DEA Learning (AIRL)
. (a) 10%~90%NENETTF—XETRY - Generative Adversarial Imitation
+ 3 Learning (GAIL) and Behavioral Cloning

- (b) GPSDYH > TV VIR [60F) - (BC)
180%» - 300% - 4208 - OXDDH] T « Dynamic LSTM (D-LSTM)
HEIRNzBHLTIYRITS
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| 5.2 ETEEIE

Total Link Length Accuracy (TLLA)
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Edit Distance (ED)
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DT
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- EXRDHOEMME
Path completion rate (PCR)
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Edit(R,, R
ED = L min( R, n),l)
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1 | Prest | R
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3. 0) = 1xkipe, £ 2y 4 Lkipo, 29
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P
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| 5.3 HRBEDLS

« RoutesFormeri&

it

» PCR=FAIED Y > U %@
nadh (&I

« MDETILIF. ZRVICEK
DIEIHDANE DS

DNN-PSL > PSL

 DNNTIFGEERAZ S £ <al

- MIFR60sTldiEs : 2LV VR T
DIEDIELY

PSL > RL

« EBFICRLEZSDOBREBOERE

AIRL :

o HIUTFILDIEFNEM. LWWEEE
ZEOIFD50L

Intervals

Single-destination

Models Multi-destination
TLLA? ED| BLEU?t JSD| PCR? TLLA? ED| BLEU?1 JSD| PCR?
PSL (1999) 0.833% 0.195%6 0.826"0 0.301% 1.000%! 0.879%7 0.142%7 0.888"7 0.391% 1.000%!
DNN-PSL (2020) 0.812# 0.232#7 0.811% 0.332#7 1.000%! 0.8821# 0.136% 0.889%6 0.448*7 1.000*!
RL (2013) 0.901% 0.100% 0.898% 0.215% 1.000%! 0.967# 0.047% 0.963" 0.109* 1.000%!
60 s BC (2022) 0.921% 0.080* 0.924# 0.213* 0.851% 0.956 0.062% 0.945% 0.146" 0.792%
AIRL (2022) 0.976%2 0.029%2 0.972%2 0.081#2 0.995%# 0.960% 0.046%2 0.958%3 0.121% 0.988%
D-LSTM (2022) 0.961%3 0.054" 0.950"3 0.138" 0.981% 0.944% 0.050" 0.941% 0.133* 0.985%
RoutesFormer 0.9821 0.028! 0.975%! 0.07 4% 0.947#6 0.975%1 0.037#1 0.969*! 0.101% 0.951#6
PSL (1999) 0.757# 0.234%6 0.778% 0.599%6 1.000%! 0.840% 0.175%7 0.833#7 0.482#7 1.000*!
DNN-PSL (2020) 0.820% 0.171% 0.839* 0.413" 1.000%! 0.849% 0.171% 0.838% 0.440% 1.000%!
RL (2013) 0.626% 0.389%7 0.577%7 0.760%7 1.000*! 0.821#7 0.157# 0.839% 0.336" 1.000%!
180 s BC (2022) 0.824% 0.184% 0.830% 0.506% 0.877% 0.858" 0.165% 0.850% 0.369% 0.843%
AIRL (2022) 0.910% 0.090%! 0.911%2 0.248%2 0.993# 0.863% 0.138%2 0.871%2 0.318% 0.990%*
D-LSTM (2022) 0.911% 0.123% 0.885" 0.252% 0.986" 0.887%2 0.146% 0.843%* 0.355%* 0.988%
RoutesFormer 0.9221 0.090%! 0.916%! 0.218%! 0.961%6 0.906%! 0.105%! 0.906"! 0.246! 0.966%
PSL (1999) 0.770% 0.243%6 0.768% 0.558% 1.000%! 0.780% 0.222# 0.781% 0.479%7 1.000*!
DNN-PSL (2020) 0.835* 0.173%* 0.831* 0.339% 1.000%! 0.791% 0.217# 0.787%* 0.468% 1.000*!
RL (2013) 0.548#7 0.440%7 0.520%7 0.876%7 1.000%! 0.765%7 0.225# 0.771% 0.439%* 1.000%!
300 s BC (2022) 0.802% 0.222% 0.795% 0.598#6 0.888*7 0.799# 0.239%7 0.780%6 0.477% 0.867#7
AIRL (2022) 0.877%2 0.133% 0.868" 0.318" 0.990* 0.811% 0.209*? 0.802%3 0.420" 0.993#
D-LSTM (2022) 0.872% 0.141% 0.868%2 0.290%2 0.982#5 0.831#2 0.181%#2 0.833#2 0.397#2 0.989%3
RoutesFormer 0.902%! 0.113% 0.895%! 0.258%! 0.970% 0.860"! 0.158%! 0.857#1 0.325%! 0.972%
PSL (1999) 0.736" 0251 0760  0.546"  1.000" 0755 0250 0752  0.494*  1.000"
DNN-PSL (2020) ~ 0.798%  0.180%  0.823*%  0.305®  1.000"  0.760"  0.244%  0.758*  0.481"  1.000"!
RL (2013) 0.501%7 0.460%7 0.497% 0.887% 1.000% 0.743% 0.261% 0.736" 0.480* 1.000%!
420 s BC (2022) 0.777% 0.244# 0.772% 0.619% 0.889*7 0.747% 0.280%7 0.739%6 0.521#7 0.869*7
AIRL (2022) 0.851%3 0.163% 0.838" 0.335™ 0.995% 0.765" 0.250" 0.762% 0.463" 0.992#
D-LSTM (2022) 0.862#2 0.129%2 0.860%2 0.286% 0.989% 0.794#2 0.223%2 0.795% 0.407% 0.986"
RoutesFormer 0.890"! 0.125%! 0.884%! 0.268"! 0.977% 0.819%! 0.190%! 0.828"! 0.360%! 0.973#
PSL (1999) 0.790% 0.230% 0.789% 0.616" 1.000%! 0.755* 0.251% 0.753* 0.496" 1.000%!
DNN-PSL (2020) 0.803# 0.221% 0.792# 0.362% 1.000*! 0.756" 0.244% 0.760% 0.484% 1.000%!
RL (2013) 0.459%7 0.489%7 0.466*7 0.935%7 1.000% 0.670% 0.327%6 0.668% 0.567% 1.000%!
Only OD BC (2022) 0.711% 0.274#6 0.746" 0.638#6 0.989%6 0.654*7 0.340%7 0.680%6 0.584*7 0.982#7
AIRL (2022) 0.806% 0.191#3 0.811% 0.367# 1.000%! 0.755% 0.307# 0.734% 0.524# 0.998#
D-LSTM (2022) 0.873 0.141%? 0.870% 0.336" 0.994% 0.770% 0.240%? 0.762* 0.451% 0.996%
RoutesFormer 0.876"! 0.140%! 0.874%! 0.329%! 0.989%6 0.791%! 0.234%1 0.786"! 0.436"! 0.993#6
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Models Parameters Training time(s) under different training size Inference time(s)
1k 2k 4k 8k

PSL (1999) 13 30.5 52.4 81.1 170.3 0.00185
DNN-PSL (2020) 5249 41.7 86.3 157.7 289.4 0.00247

RL (2013) 56 417.2 1121.8 1910.3 2912.1 0.0072

BC (2022) 41 996 709.5 1346.2 2478.5 5021.3 0.0352

AIRL (2022) 41996(actor) 9935.6 13948.1 15822.9 19204.2 0.0381

D-LSTM (2022) 803629 945.7 2023.1 3981.6 8281.0 0.0498

RoutesFormer 2260653 2858.2 5943.0 10531.1 19140.5 0.436




5.5 Ablation study
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5.5.1 %

EDLEER

#HTEME LN EXFIZILETILEDOLERICE T BIEAL

Sampling intervals Models Single-destination Multi-destination
/Sampled links TLLA?T ED| BLEU? JSD| TLLA? ED| BLEU? JSDJ
M,, 0.946% 0.078* 0.931# 0.195% 0.934%# 0.081# 0.927% 0.172#
60 s M, 0.964% 0.038% 0.964% 0.096% 0.950% 0.041# 0.945% 0.124#
M, 0.968% 0.066% 0.942# 0.180%* 0.955% 0.067% 0.949% 0.153%
M, 0.982% 0.028%! 0.975% 0.074% 0.975%! 0.037# 0.969%! 0.101#
M, 0.889% 0.161% 0.842# 0.369% 0.868% 0.157# 0.861% 0.383#
180 s M, 0.910% 0.109% 0.903%3 0.256% 0.887# 0.130* 0.884" 0.375%
M, 0.894# 0.159% 0.858% 0.351% 0.872% 0.145% 0.878% 0.314%
M, 0.922# 0.090%! 0.916" 0.218% 0.906"! 0.105% 0.906"! 0.246"!
M, 0.862% 0.203% 0.811% 0.421% 0.826% 0.241% 0.816" 0.411%3
300 s M, 0.890%2 0.124* 0.886% 0.281% 0.842% 0.172% 0.835%* 0.386%
M, 0.871# 0.189% 0.833# 0.412# 0.813% 0.208% 0.821% 0.403%
M, 0.902% 0.113% 0.895%! 0.258"! 0.860"! 0.158" 0.857#! 0.325%
M,, 0.843* 0.226% 0.796* 0.465% 0.742% 0.264* 0.751% 0.487%
490 s M, 0.870%* 0.136* 0.877# 0.308# 0.816% 0.202% 0.824%* 0.390%
M, 0.859% 0.204% 0.820% 0.425% 0.811% 0.245% 0.788% 0.443%
M, 0.890% 0.125% 0.884" 0.268"! 0.819*! 0.190% 0.828"! 0.360%!
M,, 0.836" 0.253% 0.781% 0.531% 0.753% 0.298% 0.740% 0.526%
OD onl M, 0.876*! 0.140* 0.874* 0.329%1 0.791# 0.234* 0.786%! 0.436"*!
y M, 0.836" 0.253% 0.781# 0.531% 0.753% 0.298% 0.740% 0.526%
M, 0.876" 0.140% 0.874% 0.329 0.791# 0.234% 0.786"! 0.436"!
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