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1. Multi-state supernetwork
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2. space-time constraints & 3. time-dependent profiles



Activity-based modeling +1
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Multi-state supernetwork

Node

XD (P) Z2F&RLU, FE& (M) x 58 (S) OREDD/—R
KREENS.

15 T (Place) x FFEX(Mode) x B E] (activity State)

3 Links

1. Travel links (¥Z&))
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2. Transition links (FFEXZ5E)
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3. Transaction links CEEIDELT)
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Multi-state supernetwork |
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Multi-state supernetwork 4

1. Travel links (F2&))

X Liao et al., 2013b
2. Transition links (FFERZEHE)

Vehicle state In use P, P, P;
Pa P> P, P, )
Py, P and P; are parking locations

— 5 parking

3. Transaction links CEEIDFEIT) <«——  picking-up

Activity state

L, and L, are activity locations
RGD

Transaction link



Multi-state supernetwork |

- KWEBRIS1DDFEN/NY Vv ZRLTWS,

Home — Car (FEOEIR) — P2 T/EHIs1EIT — BB Car — Home (—HIFEE)
— Bike — P4 CT;HE) s2 1T — Bike = Home (BE : JZEIRT)



Model limitations
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1) space-time constraints
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2) time-dependency
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— EERE - BEEHE - RREEZRRICETIMELTHERFIEZZR,

duration/search-time disutility profiles



3 step Approach | 7

AP( Activity Program ) DR E
Input individual daily

activity program
Scenario of land use & :i‘ Choice heuristics &

transportation system personalized preferences

Step 1: select activity and

A «—— | parking locations N . .
N5 i ) space-time constraints
Step 2: construct multi-
disU. < |state supernetwork
ISUjismi RN
¢ 2) time-dependency

Step 3: find the optimal
activity-travel pattern




Activity Program 8

1 EIAE DRCEBIDDFEE o (RK3D) ZHENTITES, 4
ICTHBFEDOEFE (PV) dES - BicE - HEIEO3EE.

2. SEHZITIROHICBEEZH SR, BRI DDIE1IDDRBEFE,

3. EAIZPTZFEBY 2%, Parkmg (of PV) Z{THR D . F/o, w=HEEVIC
IFETOFREZRATTIRETINTOEA - PVHAAEBEICE > TULR
ITNIE R 570,

4. EENICIE, ROSNEBAATRI (TORITNIEERSEWVWED
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6. FZEMFIKIDAIC K > TRE SN DEENT] (Systemic) &, EAD
EMNERE S ITEENS (Personal) D2EFEZZEZ 5.



Step1 : Selecting locations
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Step1 : Selecting locations 10

W EFHFERDZE X7 | SEENIGP
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5 AP

6 + Di(0) + Tis + tteoygen + Y (D() + Tig) < Uy — Di(y) — Ty (3)
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Step1 : Selecting locations

W EEFINERDZEZTT | JEENSGFAT
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Step1 : Selecting locations 12

W EENZPT DR

diSUicj( dlSU (8) T dlsuzmc (0) + dlSUxch (4)

lCJ

1) CA : FEIET RSN A (K1)
2)PK : BFEICBET A 3A (H1)
3)T RITRFE IR &

disUjnc,5) = Bie > [E(Co(0), 65(5)) + E(G(8), o(7)) — E(co(),Co())]/Sm  (5)

— @), O)DSINTDEITAEIGPIDAMAICIBAIAD L.
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Step1 : Selecting locations 13

B PV: Parking location choice

1) access directly < 1:1, ot D @E‘J P DHE
2) park at transport hubs (TH) EVAEREE: i
3) P+R facilities (P+Rs) /

- FE p (car & bike ) |C Home ZROE ULIEEFAR Q) - BRFRQ)ZENERE 7 5K E.
satisfying Ej, < E; and Ej, = +oc.

. A
Circle of E
Circleof E 1~ = e

Circle of Elé

- home

Q)
@ - activity location
- PT hub
""""""""" - P+R facility
™~ -PTtrip

PARIZ | ----..

- bike trip

)

- car trip

bike car



Step1 : Selecting locations 14

B Parking location choice =17 O] BEfE
BEEH P, GROBEMENET T

Uy + ttHPk + tthq(a) < ch(cx) — D,'(O() - Ticx (6)

(1) if P, is a TH inside the circle Ef, it covers the activity locations outside Ej-};

(2) if P; is a TH inside the circle Efz, it covers the activity locations outside E;;
(3) if P, is a P +R facility, it covers the activity locations inside its hosted city center.

SrEEIgAT P, oA,
disUypp, = disU; p + disU;p + disUj, (7)

ipPy ipP; imPy,

1) BFERE ICEET 2 A %A
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—>BIHBEIR C FtkIC, /XTX—9 N 2RE U TRREEAZRE.
— Z (D Location selecting process TR Y k7 — U HKIBICHE/NS N .



Step2 : Time-dependent profile 15

Bl Activity participation profiles

B TIEBANRESNEZHDD, —BUHDIORMATRT.
K, BEEREDSHEFERMEICXNT T D extra time DARMABZ T 5.
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Step2 : Time-dependent profile |

B Parking duration profiles
EEEORNYWEADOWTH, FRICEHEBKREEEZZ 5.
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Ry  parking
duration
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Step2 : Time-dependent profile

W EFDETICE I BFIFO (First-In First-Out)
SEHIZATICREIE U EEE - A% (tn, dn) (time, disutility)

17

EEIRTROBE - AEE (t..d) = (t,+durr(t,), d, + disU(t,))

<t ,di<dy—fiwx(ta—t;) DEZ, BUFDFIFORAIMA LD LD,

t +durri(ty) < ty + durr;(ty)
FEEBEAIOTRYA (S X—% biw) HSBIMENBDT,
disU;(t1) < Py, X (2 — t1) + disU;(t3)
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Step3: Find optimal patterns 18

B dominance condition

hh<t, dy<d;
Zmlc I, (1,d) & (t1,,d,) KDBERICHD. (t1,d1) = (t,d)
CDEZE, (1,,d) ZEEEULG,

ZDINIEE /=K () TRIFSNSH, %
WebDT B %Z1E3.

&H%H

RSN = BR

RIRMIC, IJFEFDO TN By OR TREBEZRIRT 5.

min{dy + f;, x (tg — min(t|t € By))} (14)

(t.,d,) = (arrival time, disutility)



Step3: Find optimal patterns 19

H algorithm

1. input: (AP, By, personalized parameters, scenario setup)
2. execute step 1 and step 2 in Fig. 2 to construction a supernetwork — SNK
3. initialization: scanList = {H}, B, = & for n € SNK \ {H}
4. while scanList # ¢f
5. choose first node n from scanList, and scanList = scanList — {n}
6. for each link n — w(w € SNK)
7. for each label b,(t, d) € B, that did not traverse n — w before
8. update b,(t, d) in terms of link type and arrival time at n
9. if t <oy

10. merger B, and b,(t, d) into a non-dominate set

11. end if

12. end for

13. end for

14. if By, changes and w ¢ scanlList

15. scanList = scanList + {w}

16. end if

17. end while

18. output optimal label and backtrack the path




[llustrations 20

Eindhoven-Helmond corridor (28,734 nodes, 81,360 links)
- HBD—HZWRIC, HelmondEFDEAN i DMTEROSEFEZEZ S,

i

Q
212)
3 8(2)»
49(3) 25(1)
44(1) .
5 H
omnme
\,
Office |
8(2)» [OF S /
é 5(2)-242)+ ({37, 23(2)e ' /,31(1) \__l
. - -~ \
. ,‘3)' 52(3)« 33(2).Ce£(t2?f C' \'\ 5 . 1
16(1)+ ’ - 1Ty center s Circle
IL 32(2)+ 17(3)‘-0(3) B a)s /"_‘L‘?—L;‘
9(2)s s 45(2) » e )
| 47(2)+
Jf P+R Eindhoven Helmond

e .9 = @® : 52 grocery shopping locations {1,2,3}

- PT : BE (10/1243, 3073 fEFR, 0.15€/km) , /NX (445>, 2072 fEFE, 0.3€/km)

- B & <urban, local, regional, national> : walk<5,6,0,0>, bike<14,16,17,0> (km/h),
car fuel<0.18,0.16,0.12,0.1>(€/km)

- BEEEIS | <a,b>(€, €/h) = <0.8,0.18>(P+R), <1.0, 0.6>(city center), <0.5, 0.3>(1-2km)



[llustrations

- Profiles

speed (km/h) national search time (min)
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. regional pea Um@o ﬁ center & <1km
70 | 8
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2
ime of day 0 \ / Time of day
W W (h) W 16171819 (h)
(a) car speed profiles; (b) car parking search time profiles;
duration (min) | Extra_disutility
18 type 3 12
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14 ez g
12 6 type 2
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type 1 2 o1
Time of day 0 E Time/of day

8 9 10 11 12\13\M5 16 17W20 21

(a) duration profiles;

20 21

8W1 12 13 14 15 16 1w

(b) extra disutility profiles;
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[llustrations
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Example 1

- BHZMALTESE (working) EHRAmMDEWY (grocery shopping) ZZ& 2 5.

- FE-BUVWYODIE

N’; Supernetwork scale Queries Optimal label at H’ Running time (s)
: W =\ N = -~ —
Nodes Links PVN PTN = HEBEELIKD SN
All PVN PTN
1 72 92 1 22 97 56 (6:36 pm, 732.91) 0.29
2 105 110 51 26 119 64 (6:36 pm, 732.91) 0.37
3 144 129 62 30 157 70 36 pm, 732.91 048
4 189 149 74 34 184 77 (6: 91) 0.62
5 240 170 87 38 226 85 (6: 36 pm 732.91) 0.78
6 297 192 101 42 259 93 (6:36 pm, 732.91) 0.90
7 360 215 116 46 296 99 (6:36 pm, 732.91) 0.99
8 429 239 132 50 348 105 (6:36 pm, 732.91) 1.12

8D DFERKEX TSN

14()DEWEZATE UTEIR

8:10 am [C3R%Z T, TH/1
ICEZ &EHTEEICEHENT

NS ITEN/NY Vv

A <2424l
W i 3 .Ceg&?.r :
\
16(1) A
32(2) o B ey i —————
9(2) 4(1)» 45(2)« i //r__’_—,_
‘j Eindhoven s Helmond

i Y. =
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Example 2

"BiRE, DFER%ZE

TR, HeE Ca"Examplel ERUKTE

23

NA Supernetwork scale Queries Optimal label at H’ Running time (s)
Nodes Links PVN PTN
All PVN PTN
1 99 119 49 29 115 68 (6:39 pm, 697.86) 0.32
2 153 147 64 35 140 78 :39 pm, 697.86 043
3 219 177 81 41 163 86 (6:39 pm, .86) 0.52
4 297 209 100 47 225 95 (6:39 pm, 697.86) 0.75
5 387 247 121 56 249 107 (6:39 pm, 697.86) 0.92
6 489 287 144 65 301 117 (6:39 pm, 697.86) 1.05
7 603 329 169 74 354 129 (6:39 pm, 697.86) 1.14
8 729 373 196 83 410 137 (6:39 pm, 697.86) 1.28

Example 3 :Z&EF%Z (HE-BWY) ,

(BWY—E%) OWMAZEZS

N4 Supernetwork scale Queries Optimal label at H Running time (s)
Nodes Links PVN PTN
/7 \ Al PVN PTN

1 132 222 94 58 500 222 (6:09 pm, 705.53) 1.07
2 204 277 123 70 650 258 :09 pm, 705.53 1.78
4 396 401 187 100 1053 393 (6:09 pm, 705.53) 3.05
5 518 474 217 124 1366 459 (6:09 pm, 705.53) 4.17
8 972 673 339 160 2291 614 (6:09 pm, 705.53) 5.92

12 1804 977 523 220 3406 789 (6:09 pm, 705.53)

16 2596 1222 682 262 4733 935 (6:09 pm, 705.53) 11.18

19 3204 1398 798 292 7952 1294 (6:09 pm, 705.53) 16.24




Conclusions 24

1. Multi-state supernetworkZ FHWTEAD R T 12— >
JeBEkEEZET )T Uk,

2. RZEEHEIF (space-time constraints) Z2 AN D Z & TiE
RREGOINZEICHDDFHE (KFE) DORMERFEHEIC
RRINU Tz,

3. FFEMREHEDFRENI/INY Y ZER LT, FHlARIRETE
DETIVZITIR > T,




