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Fig. 1. (a) Existing integration framework of ABM and DTA; (b) Proposed modelling framework of Case C.
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Fig. 2. (a) The physical network; (b) the corresponding modified network.
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Fig. 3. Feasible searching region in the space-time network.
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Fig. 3. Feasible searching region in the space-time network.
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Fig. 4. (a) The physical network; (b) the corresponding modified network.
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Fig. 6. Feasible arcs at node 2’ in a space-time-state network.
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Fig. 7. A simple illustrative network for case C.
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P it(ijts)e
VO DEE
(3) Mandatory activity participation for one specific household member:
p l”SpQU/7@ﬁ3ZF
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RN
Y K<l Wen RROEBILER T . ¥EEE
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(6) Binary variable: X%, = {0, 1}. E(p,a,) - pDEBELEHD ) » 5 DES
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2018/09/08 BHATE 25




3.1. EXIE | v—2A  BZmE= Y kT— s R—2OEBEILETIL

Recker(1995)MCase IV & ) L85

“This compact formulation enables the use of standard optimization solvers for a real-world transportation network.”

Table 4
Comparison between Case IV (Recker, 1995) and our Case A.

Model R4: Case IV
(Recker, 1995)

Modelling constraints

Model 1 for our Case A

Remarks

Continuous

Abstract physical
traffic network

Egs. (1a)-(1f) with
multiple goals
Constraints (40a)-
(40b)

Constraints (2), (3),
(4'), (5) and (6)
Constraints (7)-(10)
Constraints (26)-(30)
Constraints (31)-(33)
Constraints (21)-(24)
and (36)-(39)
Constraints (14)-(17)

(1) Time representation
(2) Network representation

(3) Objective function

(4) Coupling constraints for vehicle
selection of household member
(5) Vehicle spatial connectivity constraints

6) Vehicle temporal constraints

7) Household spatial constraints
8) Household temporal constraints
9) lllogical activity constraints

(
(
(
(

(10) Vehicle capacity constraints
(11) Activity time window constraints Constraints (11)-(13)
and (34)-(35)

SHOFFIFEH

(12) Travel cost/time budget constraint Constraints (18) and
(19)
(13) Variable definitional constraints

variables

Binary and continuous

Discretized
Time-discretized space-time
physical traffic network

Eq. (1) with travel cost only

Embedded in the modified
physical network

Constraints (2)-(6) in the
space-time network for
modelling constraints (5)-(9)

Always satisfied (solo driving
pattern)
Embedded in the space-time
network

HREHED DL
R EHEE~D
Fea

Not considered but can be easily

added
Binary variables only

Model 1 needs to build one specific
activity

duration link for each activity to
represent the activity process

Model R4 provides a starting time
window and return-home window
for each activity, but in Model 1 each
activity only has a starting time
window and does not have the
return-home window. Instead, each
household member has a return-
home window for his/her arrival at
home

Model R4 is a mixed integer linear
programming model. Model 1 is a
0-1 integer linear programming
model
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Fig. 8. (a) One of two activities should be performed; (b) two activities are optional.
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L5 W, YT o | /N ! R
Subject to, w—-=>w 0) ) /7
. PAN
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(3) Binary variable: x{;,, .., = {0, 1}.
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; s ww Pijesww: V(L] ) (i,j,t,s,w,w') : BffElt > s, ZZRli - j, KBEW->w'D)
2

Capijesww = )V VI BE

* RFSAN—DEFHSMANELREZRRY FT—2 (1A ADSH=8, ¥—XBIEZR/MNaRX b+
ERERBEL L 5ESE

-2y FI—=9(12HoRBHNEEONIE, HEFRNMIAR M ELBIEBRERZTAIELL
*CDixBEEBEZEL2DDARE
MSYTSUT1EME QF2a—R—XboZal—3y
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P2 &E FEHIEED
(@2,a3Lvghhy)

2y rI7—9
P1DEFEHIEE (60, -20) (30,-15)
a ivi Activi}{ b @'Q @ @

Activity 1

; 1 1,1 1,1
Meeting Shop gfa]l 2 p1 (L1 (D 5.5 (1, 1) (1, 1)
{5) Eln\ N
77 3 y (5,5
(10, 10) D
7 o
Home (10, 10) ?,0 N\
“
® e (8,8)] 1(8,8) R (8,8) |(8,8)
o 12, 12)
1 m
(1,1 (12,12) o
10, 10
(link travel time) {1‘9, 10)
(10) 1, (L, 1) (1, 1)
Shopping mall 1 immi
ppimg Swimming (link travel time, link travel cost) @ Q @
Activity 2 Activity 4 (3‘9 -10) (20, -20)
p1DEIRKIES _ _
Fig. ». (a) 1ne puysicar network; (b) the corresponding modified network.
BRI 7
Table 5
The specific time window for each event.
Location (node) 1 2 5 11 13 15 17
Time window [1, 3] [1, 3] (1, 130] [15, 18] [15, 18] [18, 20] (86, 90]
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E-l-gﬁ% B 1 - BFRE2

. . . 2251 - 2252
EAY 7k : GAMS TERENDY VY DEIGER

Table 6

The optimal solution for each household member.
Household member p;: x}; =1 Household member py: x7; =1
i j t s i j t s
1 3 3 4 2 4 1 2
3 6 4 5 4 6 2 3
6 7 5 15 6 9 3 15
7 11 15 16 9 13 15 16
11 12 16 76 13 14 16 46
12 7 76 77 14 9 46 47
7 6 77 87 9 6 47 59
6 5 87 88 6 5 59 60
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E—I—ﬁﬁ% BERE1 - BREREI2
e ‘ . Zefi1 - Zef2

- p1(Fa, KK ETHT, paldas(SM2)EER LA LY 'Gﬁéh%caﬂu Y g%m&#ﬂ

- HEDOR IR ME24

—a; b, DFHEXEIRMNEEFNFN-15> —-17, —20-> =231 EITH &, p XIRERIIC
a,(KiK)BITLY, pylXa,(SMN)TIE G a3(SM2)ZFEIRT S5 L D12 Y, HEDHERI R ME22(2

(12,76) (11, 16)

(vertex, time)

— Household

member 1

Household

member 2

(13, 16) (14, 46)

Fig. 10. The trajectories of two household members.
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F=EH

HEAZHY 2BHIX o
(R-EB)/EE-FEIMY V23X ) dmol__gdfé
XSENHETHBERMEH L AEVBEHIR FERE A FER I - EBIR

2Ry FI—9

A] BE 75 R 1 73 (B R R0 12 BR 24)
BE2DEBDEREEIRX)
CEBARYY > aX})

(12,76) (11, 16)

(13, 16) (14, 46)

Fig. 10. The trajectories of two household members.
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4.2. ’§Q1IE§+§ —XB: IMNREEREARY FTJ—Y TOEE

P1(EZ 4 /3—) ps3
» — aq (imﬁj—é ay (iﬁﬁﬁ?’é
R P2EP3EESTHRD
[ J
‘.E.. II
a Activity 1 Activity 3
Meeting Shopping mall 2

D
(10, 10)

. 1)(10, 10)

(link travel time,

link travel cost)
Shopping mall 1 School b .
rop-o
H%Fﬂﬁ g Fig. 11. (a) The physical network; (b) the corresponding modified network.

Table 8
The specific time window for each event.

Location (node number) Node 1 (departure) Node 1 (arrival) Node 10 Node 11 Node 12  Node 13 Node 8 Node 9 Node 6
Time window [1, 3] [1,170] [15,16] [114,115] [28,30] [127,139] |[127,129] |[137,6139] [41,43]
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AIREE I RTHORFEEEKRE

" [ay, a3, a4]

- BRIEDOHREN L, ELR/TVWEHIEFZHEELTITCZET, UTD8DITRNSD

Table 7
Enumeration of all possible states.

State ID State representation State ID State representation State ID State representation
1 |0, 0,0] 9 [0,0,1] 17 |0,0, 2]
2 [1,0, 0] 10 [1,0,1] 18 [1,0, 2]
3 |2, 0,0] 11 [2,0, 1] 19 2,0, 2]
4 [0, 1, 0] 12 [0,1,1] 20 [0, 1, 2]
5 |0, 2, 0] 13 [0, 2, 1] 21 |0, 2, 2]
6 2, 1,0] 14 [2,1,1] 22 12,1, 2]
7 [1,2,0] 15 [1,2,1] 23 [1,2,2]
8 (2, 2,0] 16 [2,2,1] 24 2, 2, 2]

AR RIREENEER
- FIFE LA, RBRERRE1DIZT B virtual ending state/ — K %380

State 1
Drop off passenger p, at node 10 [0, 0, 0]

State 2 State 6
[1.0. 0] 2010 —
Drop off passenger P; at noy 1ck up passenger £ at node
State 3 State 7
[l, 0, l] Drop off passen, ) [2a L, 2]
Pick up passenger p; at nodel\‘s tate 4 Pick up passenger p. at node 9
S A 1 Sta
[2,0,1] [2,2.2] [, 1 Initial state
Fe
Pick up passenger ps at noM State 5 Virtual arc geape § /// Same vertex for illustration L= Possible final state
(2,0,2] - 7- - Virtual ending state

Fig. 12. The possible state transition graph.
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42 BHEETE | r—z. igtgry ro—5 TOHE

FFREiER —— N BT - BSRA2
_— ﬁk up passenger P, at node 9 E Fﬁﬁ 1 - g Fﬁﬁ 2

- pZ 'j:aB %?be-d: ll\ [28,m2,2] [, Inital sue ﬁﬁ;" = ﬁ%
) ﬁ :I_i*ﬁ-l 0) ! \’(la\\ : x I~ 'i4( Fig. 12. The possible state transition graph.

[2%%;]"?“1“%&8 ,///Samevertexforillustmtion L1 Posible final state Fiéné U > 7 o)%;kigﬁ
— a;DEHFEREIRAMNE-15-2012LIFB &, plEaz;FT5&K5(12RHY, HENLIX T
(%371

Pick up passenger p;at node 1

Pick up passenger 7; at

I Virtual ending state

Table 9
The optimal solution for the household.
The only vehicle: x};, ., =1
i i t s w W  Remarks i i t s w w Remarks
1 4 3 15 1 1 Depart at home at time 3 7 2 103 104 3 3
10 15 16 1 1 2 4 104 112 3 3
10 10 16 16 1 2 State transition (passenger p, is 4 4 112 113 3 3
dropped off at node 10 for activity 2)
3 3

10 4 16 17 2 2 4 11 113 114
4 5 17 27 2 2 11 11 114 114 3 4  State transition (passenger p, is picked up
at node 11 for activity 2)

5 12 27 28 2 2 1 4 114 115 4 4
12 12 28 28 2 3 State transition (passenger pj is 4 5 115 125 4 4
dropped off at node 12 for activity 4)
12 5 28 29 3 3 5 5 125 126 4 4
5 2 29 39 3 3 5 13 126 127 4 4
2 2 39 40 3 3 13 13 127 127 4 5  State transition (passenger p; is picked up
at node 13 for activity 4)
2 2 40 41 3 3 13 5 127 128 5 5
2 6 41 42 3 3 5 2 128 138 5 5
6 6 42 43 3 3 2 1 138 148 5 5  Arrive at home at time 148
6 7 43 103 3 3  The driver p; performs activity 1 1 1 148 149 5 8 State transition (from final state to

assumed final state, the virtual arc cost is 0)
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Table 10
The input data of this experiment.

——————————————————————————————— f-h\
~~~~~~~~~ > z \\ :' \

r

agent_id agent_type ¢ frorn_node id to_node_ 1d (departure time_ start Y departure_ tlITlE‘( arrival_time ‘ arrival tlITlE‘[ base_ } optional

________________________________ _window v, _start L _wmdow \ profit /

1 0 23 23 30 5 40 -7 5 1300 o0
2 0 24 24 10 20 70 10 13333 0
3 - 26 26 40 10 60 5 8333 0
4 o !/ 25 25 20 20 80 5 150 0
5 0 W 39 39 70 5 90 5 13333 0
6 0 35 35 20 5 110 5 18333 0
7 0 38 38 35 10 120 5 13333 1
Veh 1 1 H 13 13 1 1 120 1

Veh 2 1 13 13 1 1 120 1
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REEFREZAVCS IS DaBMEI L—LA
4.3. 3&1 F'-l_ﬁ | UEOLEB THRMERY T—Y TOHE

AtERREEERATY
SEDS TS YT AR
b LIEHA VA—OEREBRIFEEETAL BERTY FT—SREYERE NS

Table 11
CPU computation time and memory use under different number of activities.
# of activities Maximum numbers of activity performing states CPU time (seconds) RAM (GB)
4 81 15.5 0.3
5 243 38.2 1.3
6 729 112.3 3.6
7 2187 337.4 113
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Fig. 15. Average trip time index of each iteration.
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4. BHEFTE | v—xAav—za—F

$title household activity scheduling problem
OPTIONS mip = CPLEX;

set i nodes /1¥18/;

set t time stamp /1¥125/;
set a agent /1¥2/;

set k time_winow_node /1%7/
set v vehicle /1%2/;

set m opt_act /1%1/;

alias (i, i);
alias (t, s);

*conncet time window nodes with the real rodes in the network based on given time window values
paranster winlt,k

FREZEDIE & &/ — FORB

¥ ommmmmmmmoe- chysical netowrk wit
i,j,t,8) arc trave

win(t,
win(t,
win(t,

; B2V EXOBEREDRE
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travel_cost(’57,757 1, 1+1)=0; ~

parameter ori
origin{ 17"

origint’2’,
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parameter dest jn
destinat jonl 1
destination("2",

%ﬁé BAUN—LESH - BE/ — FOXG
1257 0=1;

parameter m‘[ermedla‘[e(a,i, );
intermediatela, i t) = (1= origina,i,t)0% (1- destinationfa,i,t));

Hommmmmmmmooe- the activity twpe of each household member: 1 is mandatory and 2 is semi-mandat roy---------
parameter dif_act{a) /

22 BAUN—E(F)BHENFBHOR D

Hmmmmm oo oo oo nodes represent ing vehicles----------------
parameter veh_node(v, i

i EBAOHE/ — F

Hmmmmmmm oo the relation between optional activities ard housshold memebers
parameter act_agent (m,a

i B A D\ — EBIRMEB DA

[P the relation between activity lirks and its household memeber
act_lirk(a,i,j

FAN—LER) 2 DB

variable z;

binary variables
xl(a,i,i,t,s )

equat ions

obij chiective function

agent _on_nede_originla, i,t) origin node agent a on node | oat time t

agent_on_mode_intermediatela, i.1)  intermediate node agent a on node i at time t

agent_on_node_dest inat ionla, i, 1) destination node azent a on rode i at time t

mandatory_act (a) mandatory activity of agent a (assune each asent has ore mandatory activity hers!)
vehicle_select ion(y) vehicle selection condition

semi _mand_act (a) semi-mandatory activites of esent a (one of them should be performed)

optional_act (n,a) optional activity that can be performed by multiple househald memebers

obj.. z =e= sum (a, (sum((i, it
deert_on_rode_originta. i.1) 5o
i
i
1

s)$lares(i, i, 5 0.1, xla,i,0,t,s)¥travel_cost(i,i.t,s))0); EE‘]E&@E&E&&
agent _on_node_dest inat fon(a, i

.s)
riginta,i,t3=11 .. Sum((J siblarcstini, e 0,10, x(a,i,i ,t,s)) =e= originfa.i.tl;
)3 (dest irat ion(a, i, =10 .. =un(), s3¥laresti, s, 10010, xla,i.i,s,t))zes destimation(a, it t)s

agent_on_node_intermediatela, i, tidlintermediatela, i,12:1), . sun((i,s)$tares(i, i,t,5020,1), x(a,i, i, t.s))-suml(i,s)$larcs(i,i,5, 000,10, x(a,i,i,5,4))%e= U;

mandatory_act(a)$(dif act(a)=1) .. sunl((i,i,t, s)$(arcs(| irtas0,1 and act_link(asi.10=10, xta, i, i.t,80) == 1; v

optional_act(m,a).. sam{{i,i, tosiftaresti,j,t.=920.1 and act_link(a.i.j):3 and act_agentim,a)= Thoxda,isinte=i= 1;

Mode| Household_scheduling_case 4 /all/ ;

solve Household_schedul ing_caze_4 using MIP minimizing z:

display x.1;
display z.1;

File output
put autput o
loop(la, i 0.t s)$((>< I(a Pad.tes) = 10),put @, actl, @10, i.tl, @20, j.t1, @30, t.t1, @40, .11/
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