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1 Introduction

With the rapid growth of city-break tourism and mobile travel-planning services, personaliswed
urban route planning has become an important operational research problem [2, 3, 10]. Travellers
often expect one-day itineraries that are attractive, feasible and preference-based, while satisfying
time, budget, opening-hour and transport constraints, together with comfort and route-directness
requirements such as rest insertion and no-detour routing [1, 8, 9, 10, 11]. This report therefore
formulates the task as an Orienteering Problem with Time Windows and Mandatory Waypoints
(OPTW-MW), related to classical orienteering models.

Since exact MIP solvers may be inefficient for large urban instances and greedy methods can
be trapped by early local decisions, this report proposes a Score-Maximizing Multi-Constraint
Simulated Annealing algorithm (SMMC-SA) [3, 6]. The algorithm combines simulated annealing’s
ability to accept inferior solutions at high temperature and gradually intensify the search at low
temperature with a branch-and-bound style initialisation procedure [5, 6, 7]. In this way, SMMC-
SA balances score maximisation, feasibility repair and user preference, which is also implemented
in a front-end system. This report, using Suzhou as a case study, presents the model, algorithm,
computational results and sensitivity analysis.

2 Mathematical Model

2.1 Sets, Parameters and Decision Variables

The notation used in this study is described in Table 1.

Table 1: Notation used in the mathematical model

Symbol Meaning Unit
V={l,...,N} Set of candidate attractions -

N Number of candidate attractions attraction
0 Depot node; Suzhou Railway Station in the case study  —

M Set of mandatory attractions specified by the visitor —

X Set of attractions excluded by the visitor —
A=V\X Set of available attractions -
S Set of attractions selected by the model —

T=(T1,...,7TK) Ordered route sequence -

7 Candidate route generated by a neighbourhood move —

T The k-th attraction visited in the route -

0, TK+1 Depot at the start and end of the route —

K Number of visited attractions in the route attraction

r Step index used in the continuous activity constraint —

v Visitor type, such as adult, student, child or senior —

x; Binary variable; equals 1 if attraction ¢ is visited, and 0 —
otherwise

a; Arrival time at attraction ¢ minute

B Total travel budget RMB




Symbol Meaning Unit

i Base attractiveness score of attraction ¢ point

sl Preference-adjusted score of attraction ¢ point

Di Visiting duration of attraction ¢ minute

fui Ticket cost of attraction ¢ for visitor type v RMB

[es, Li] Opening time window of attraction % minute

TZ-“b Travel time from node i to node j by public transport minute

Tf;m Travel time from node i to node j by taxi minute

cfj“b Travel cost from node i to node j by public transport RMB

cf}”“ Travel cost from node i to node j by taxi RMB

Tij Selected travel time from node ¢ to node j in the route  minute

Cij Selected travel cost from node i to node j in the route =~ RMB

Acyj Additional cost of changing leg (i, j) from public trans- RMB
port to taxi

Ts Departure time of the one-day trip minute

T Latest return time to the depot on the same day minute

Tiravel () Total travel time of route minute

E. Accumulated continuous travel-and-visit time at step r minute
after possible rest insertion

Tk Binary rest indicator; equals 1 if a rest is required at —
attraction 7, and 0 otherwise

Teon Maximum continuous travel-and-visit time before rest is minute
required

Trest Required rest duration after exceeding the continuous minute
activity limit

Wo Preference indicator for humanistic attractions —

w3 Preference indicator for natural attractions -

Wy Preference indicator for commercial attractions —

P Set of attractions whose type is selected by the user —

Z Objective value of the selected route point

Let V. ={1,..., N} denote the candidate attractions, and let node 0 be the depot, namely Suzhou
Railway Station in the case study. The visitor may specify mandatory attractions M C V and
excluded attractions X C V, so the available set is A = V' \ X. A feasible itinerary is an ordered
route

= (m,72,...,TK), TkEA, (1)

where K is the number of visited attractions. The route and binary selection variables are linked
by
1, ifi=m for some k =1,..., K,
T = - (2)
0, otherwise.

Thus, an attraction appears in the route if and only if it is selected. Here, x; = 1 indicates that

attraction ¢ is visited, while a; denotes its arrival time.

Each attraction 7 has a base score s;, visiting duration p;, ticket cost f,; for visitor type v, and



opening window [e;, [;]. For each node pair (i, j), public transport and taxi are considered, with
travel times T,ZUb, Tf;l"” and costs cfju b cf;m In the realised route, the selected time and cost are
denoted by 7;; and c¢;;. The trip starts at T and must return to the depot by 7T, on the same

day.

User preferences are represented by binary variables ws, w3, ws € {0,1} for humanistic, natural
and commercial attractions. Let P be the attractions whose categories are preferred. If P = &,
then s, = s;. Otherwise, the preference multiplier is

1.1, if max{s;:j ¢ P} <min{s;:j € P},

. 3
max{s; :j ¢ P} +1 . . , (
minfsj jepPr if max{s;:j ¢ P} > min{s;:j € P}.

The adjusted score is

o — As;, ifi € P, (4)

s;,  otherwise.

This raises the lowest-scoring preferred attraction above the highest-scoring non-preferred one,
while increasing all preferred attractions proportionally. If multiple categories are selected, the
same multiplier applies to all corresponding attractions, while feasibility remains governed by

route constraints.

2.2 Data Source and Attraction Database

The attraction database was built from official attraction websites, OTA platforms including
Ctrip, Meituan and Fliggy, and travel-sharing platforms such as Xiaohongshu and Dianping.
Final values were computed by a weighted average with weights 6 : 2 : 2, respectively. For each
attraction, the database records type, score, ticket prices and recommended visiting duration,
as shown in Table 2. Opening hours were obtained from Amap to define [e;,[;], as reported in
Table 3. Figure 1 illustrates the spatial distribution, with Suzhou Railway Station as the origin.
Travel-time and travel-cost data are provided in Appendix Table 6. Public transport includes

. b ; b ;
walking, metro and bus. Amap data are used to construct TZ-“ , Tfj‘-m, cf]y and c%w.

Table 2: Attraction database for the Suzhou case study

Attraction Type Score Adult Student Child Senior Duration
Ticket (RMB) Ticket (RMB) Ticket (RMB) Ticket (RMB) (min)
Gate to the East Commercial 60 0 0 0 0 40
Suzhou Center Commercial 65 0 0 0 0 60
Humble Administrator’s Garden Humanistic 95 70 35 35 35 120
Suzhou Museum Humanistic 90 0 0 0 0 90
Pingjiang Road Humanistic 88 0 0 0 0 90
Lion Grove Garden Humanistic 82 30 15 15 15 60
Guangian Street Commercial 70 0 0 0 0 60
Hanshan Temple Humanistic 80 20 10 0 10 60
Fengqiao Scenic Area Commercial 72 0 0 0 0 60
Tiger Hill Humanistic 88 60 30 30 30 100
Lingering Garden Humanistic 90 45 22 22 22 90
Xiyuan Temple Humanistic 68 5 5 0 0 60
Master of the Nets Garden Humanistic 78 30 15 15 15 60
Canglang Pavilion Humanistic 75 15 7 7 7 60
Shantang Street Commercial 86 0 0 0 0 90
Taihu Wetland Park Natural 78 30 15 15 15 120
Tongli Ancient Town Humanistic 92 100 50 50 50 180




Table 3: Opening time windows of attractions in the Suzhou case study

Attraction Opening Time Closing Time
Gate to the East 00:00 23:59
Suzhou Center 10:00 22:00
Humble Administrator’s Garden 07:30 17:30
Suzhou Museum 09:00 17:00
Pingjiang Road 00:00 23:59
Lion Grove Garden 07:30 17:00
Guangian Street 09:00 22:00
Hanshan Temple 07:30 17:00
Fenggiao Scenic Area 00:00 23:59
Tiger Hill 07:30 17:00
Lingering Garden 07:30 17:30
Xiyuan Temple 07:30 17:00
Master of the Nets Garden 07:30 17:00
Canglang Pavilion 07:30 17:00
Shantang Street 00:00 23:59
Taihu Wetland Park 09:00 17:00
Tongli Ancient Town 07:30 17:15

Simplified Coordinate Map of Classic Suzhou Landmarks (Suzhou Railway Station as the Origin)
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Figure 1: Simplified coordinate map of candidate attractions in Suzhou

2.3 Objective Function and Constraints

The objective maximises the total preference-adjusted score:
max Z = Z sk, (5)
€S
where S is the selected attraction set.

For the ordered route m = (71, ..., 7k ), where 1y = w1 = 0. Temporal feasibility is evaluated
sequentially. To avoid unrealistic rest during transport, a binary rest indicator ry is assigned to



each visited node:

1, if a rest is taken at node 7, before moving to 71,
= ) SRRt 0, K. (6)
0, otherwise,

A rest is inserted either when accumulated continuous activity reaches Teon during a visit, or
when completing the visit plus the next travel leg would exceed T¢on. In the latter case, the
traveller rests at m before travelling.

The arrival time of first attraction is
ary = Ts + 10Trest + T0,m - (7)
For consecutive attractions,
Uy — Ay = Py + Tk Trest + Ty mpps K=1,..., K — 1. (8)
The continuous activity time is updated as

0, if Tk = 1,
By = _ k=1,...,K —1. 9)
Ex + pry, + Trpmpyys i1 =0,

The same-day return condition is
Orpe + Py + T Trest + Trg,0 <Te. (10)

The selected route must also satisfy exclusion, opening-window, budget and domain constraints:

z; =0 Vi € X, (11)

r=1 Vie M, (12)

e <ai, ai+pi <1 Vie S, (13)
K

Z fvi + Zcﬁk,ﬂk+1 < B, (14)

1€S k=0

x; € {0,1} Vi€ A, (15)

a; >0 Vi e S. (16)

These constraints respectively exclude user-specified attractions, ensure visits occur within open-
ing hours, impose the total budget, and define variable domains.

3 Solution Method

3.1 Initial Solution Method

The proposed Score-Maximising Multi-Constraint Simulated Annealing algorithm (SMMC-SA)
first constructs a feasible high-score initial route and then improves it through stochastic neigh-
bourhood search. Simulated annealing is adopted because it can accept worse solutions at high



temperature to escape local optima and becomes more selective as temperature decreases [4, 6, 14].

The initial candidate set is score-oriented. If there are more than four mandatory attractions,
only mandatory attractions are included:

Co = M. (17)

Otherwise, the highest-ranked optional attractions are added:

Ranking is based on s,. Since Cj is small, a branch-and-bound style exact ordering subroutine
determines the best visiting order. It builds routes step by step and prunes branches that violate
constraints or cannot improve the incumbent. If several feasible orders have the same score, the
one with shorter travel time is chosen.

All travel legs initially use public transport. If the route exceeds the daily horizon, non-mandatory
attractions are removed one by one, beginning with the lowest objective contribution. After each
removal, the route is reordered and re-evaluated. If only mandatory attractions remain and the
route is still infeasible in time, taxi replacement is considered. For each public-transport leg (i, j),
the additional taxi cost is

Acyj = clomi — . (19)
The leg with the smallest positive Ac;; is converted first, and time and budget feasibility are
checked after each replacement. If taxi use violates the budget, the instance is infeasible. Once
time feasibility is achieved, the budget is checked. If the budget is still exceeded, non-mandatory
attractions are removed from the highest ticket cost downward. If no removable attraction re-

mains, the instance is infeasible and mandatory attractions must be reselected.

3.2 Simulated Annealing Improvement Procedure

After initialisation, five neighbourhood operators are applied: transport-mode change with prob-
ability 20%, insertion with 30%, 2-opt with 20%, relocation with 15%, and replacement for
non-mandatory attractions with 15%. These operators jointly modify transport choice, attrac-
tion selection and visit order, enabling both local adjustment and structural exploration. For

2-opt, a no-detour rule accepts a reversed route 7’ only if

ﬂravel(ﬂl) < ,Ttravel(ﬂ')- (20)

Otherwise, the 2-opt move is rejected directly. This prevents the algorithm from accepting a
reversed route that increases total travel time without improving route quality. These operators
are standard in vehicle routing and orienteering heuristics and have been effectively combined
within SA frameworks for large-scale instances [7].

Each candidate route is evaluated with time windows, budget and rest insertion. The Metropolis

rule is
1, AZ >0,
P(accept) = . (21)
exp(AZ/T), AZ <0,



where AZ = Zypew — Zeurrent- Lhe temperature follows geometric cooling,

T+ — o), (22)

The algorithm stops when T' < T, or when the best solution has not improved for 50 temper-
ature stages.

Algorithm SMMC-SA for OPTW-MW

Require: Candidate attraction set V', available set A = V'\ X, mandatory set M, excluded set X,
budget B, time horizon [T, Te], preference indicators we, w3, wy, rest parameters Teon, Trest,

SA parameters Ty, Timin, o, L
Ensure: Best feasible route 7* and objective value Z*, or infeasibility message
1: Construct the preferred attraction set P from wo, w3, wy
2: if P = & then
3: Set s, + s; foralli € A
4: else
5 Compute the preference multiplier

1.1, if max{s;:j ¢ P} <min{s;:j e P},

A= max{s;:j ¢ P} +1
min{s; : j € P}

, otherwise

Set s, < As; for i € P, and s, < s; otherwise
end if
Build the initial candidate set Cy
if |[M| > 4 then
10: Co+ M
11: else
12: Co <= M U Top,_p{i € A\ M} ranked by s;
13: end if
14: Set the transport mode of all route legs to public transport

15: mp < EXACTORDER(C)) by maximizing adjusted score and then minimizing travel time

16: Link route and selection variables: set x; = 1 if ¢ = 7, for some k, and z; = 0 otherwise

17: Evaluate my with time windows, budget, depot return, and rest insertion using px

18: while 7 exceeds the time horizon and there exists at least one non-mandatory attraction in

™0 do
19: Remove the non-mandatory attraction with the lowest objective contribution
20: Reorder my using EXACTORDER
21: Re-evaluate time feasibility, budget feasibility and rest insertion

22: end while
23: while 7y exceeds the time horizon and all remaining attractions are mandatory do
24: For each public-transport leg (7, j) in 7y, compute

o __ taxi ub
Acij = ¢ — Cf]

25: Select the leg with the smallest positive Ac;;
26: Change this leg from public transport to taxi



27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44:
45:
46:
47:
48:
49:
50:

51:
52:
53:
54:
55:
56:
57:
58:
59:
60:
61:
62:
63:
64:
65:
66:
67:
68:
69:
70:

Re-evaluate total travel time and total cost
if my exceeds the budget then
return infeasible and ask the user to relax the input requirements
end if
end while
if mg still exceeds the time horizon then
return infeasible and ask the user to relax the input requirements
end if
while 7 exceeds the budget and there exists at least one non-mandatory attraction in 7y do
Remove the non-mandatory attraction with the highest ticket cost
Reorder 7y using EXACTORDER
Re-evaluate total cost, time feasibility and rest insertion
end while
if 7 still exceeds the budget then
return infeasible and ask the user to relax the input requirements
end if
Teur < 70
Zcur — 7 (7I' 0)
T 4 Teur
Z* — Zewr
T+ T
while T > T, and stopping criterion is not met do
for / =1 to L do
Generate a candidate route 7’ using one neighbourhood operator:
transport-mode change (20%), insertion (30%), 2-opt (20%), relocation (15%), or replace-
ment for non-mandatory attractions (15%)
if 7’ violates exclusion or duplicate-visit constraints then
continue
end if
if 7 is generated by a 2-opt move and Tiravel (7') > Tiravel(Teur) then
Reject 7’ by the no-detour rule
continue
end if
Evaluate 7/ with time windows, budget, depot return and rest insertion
Compute Z' = Z(7') and AZ <+ 7' — Zoyy
if AZ > 0 then
Teur < T
Zew — Z'
else if U(0,1) < exp(AZ/T) then
Teur — T
Do — 7'
end if
if Z.w > Z* and 7¢y, is feasible then
T 4 Teur
7" — Zewr
end if



71: end for
72: T+ oT
73: end while
74: return 7*, Z*

4 Computational Results

4.1 Parameter Tuning

Parameter tuning was conducted using Case 1 in Table 5. One SA hyperparameter was varied at
a time, while all other settings were fixed. The tuning results are shown in Table 4 and Figure 2.

Table 4: Sensitivity analysis for Case 1

Parameter Value Z Cost (RMB) Stops

To 50 696.8 204 7
TO 200 720-8 130 7 ; 750 720.8 722.5 722.8 72‘0.8
Ty 500 6632 222 7 2o P ' !
To 800 720.8 181 7 § 650
TO 1200 720‘8 200 7 -Oa 600 50 200 500 800 1200 2000
TO 2000 7208 171 7 Initial Temperature To

N
(0% 070 6056 190 6 % 0 696.8 696.8 s 696.8
o 0.80 624.8 178 6 e
o 0.85 696.8 186 7 AN
le% 0.90 696.8 215 7 o 0.70 OvBCDOOIing Coé)f.?i.'::ient a 0.90 0.93 0.95 0.98
a 0.93 720.8 181 7 N
a 095 6968 211 7 % 750 . wea 7208 7208 7208
a 0.98 661.2 247 7 N
L 10 6632 188 7 g 600 10 20 30 40 60 80 100
L 20 685.6 185 7 Inner-Loop Steps L
L 30 698.8 213 7 Figure 2: Curves for Tp, «, and L in Case 1
L 40 720.8 181 7
L 60 680.6 187 7
L 80 720.8 211 7
L 100 720.8 190 7

Results demonstrate that SMMC-SA is stable under different simulated annealing configurations.
Various initial temperatures Ty can achieve the best objective Z = 720.8. The cooling factor
a = 0.93 provides the optimal performance, and L = 40 is chosen to balance solution quality and
efficiency. The final parameters are Ty = 800, Ty = 0.5, a = 0.93, and L = 40.

4.2 Result Presentation

Four scenarios were tested to examine how SMMC-SA responds to different route-planning re-
quirements. All experiments were repeated with 30 restarts using seed 123, and solution with
highest score was selected for presentation.The scenarios include a full-day trip with mandatory
attractions, a budget-constrained cultural route, a short afternoon trip, and a low-budget morning
trip.



Table 5: Summary of four computational scenarios

Time Mandatory Average
Case Horizon Budget Attractions Preference Trest Z Cost Solve Time
1 09:00-21:00 300 RMB Tiger Hill, Xiyuan Temple Natural + Commercial 40 min 720.8 181 RMB 83 ms
2 09:00-18:00 150 RMpB Cate to the Fast, Hanshan Temple, Humanistic 40 min  399.0 145 RMB 51 ms
Humble Administrator’s Garden
3 13:00-16:00 200 RMB None Humanistic 20 min  200.9 104 RMB 44 ms
4 09:00-13:00 50 RMB None None 20 min  172.0 36 RMB 36 ms

Common settings: Adult ticket type; Tcon = 100 min; seed = 123; 30 restarts. The SA hyperparameters are set to

To = 800, Thin = 0.5, & = 0.93, and L = 40.

Scenario 1: Full-day route with mandatory attractions and
sensitivity—analysis baseline
———— S
Suzhou Station
L b 09:00 Departuri J
S Sy } Taxi, ¥22
Xiyuan Temple Arrival: 09:15 Departure: 10:15  Ticket: ¥5
}  Bus/Metro/Walking, ¥2
c Tiger Hill Areival:  10:36 Departure: 12:16  Ticket: ¥60
4 Taxi, ¥16
@ Fengqiao Scenic Area Arrival:  13:05 Departure: 14:05  Ticket: ¥0
{ Bus/Metro/Walking, ¥2
@ Shantang Street Arrival: 14:22 Departure: 15:52  Ticket: ¥0
} Taxi, ¥34
@ Suzhou Center Arrival:  16:51 Departure: 17:51 Ticket: ¥0
} Taxi, ¥12
0 Gate to the East Arrival:  17:54 Departure: 18:34  Ticket: ¥0
. Taxi, ¥26
@ Guangian Street Arrival:  19:28 Departure: 20:28  Ticket: ¥0
A0 _§ Bus/Metro/Walking, ¥2
S
f— 4 o
L Total score Z = 720.8, total cost ¥181, 7 attractions visited.
Scenario 3: Extremely short afternoon route with
humanistic preference
Suzhou Station
13:00 Departure
l Taxi, ¥25
@ Canglang Pavilion Arrival:  13:15 Departure: 14:15 Ticket: ¥15
} Taxi, ¥14
e Lion Grove Garden Arrival:  14:23 Departure: 15:23 Ticket: ¥30

+ Taxi, ¥20
Suzhou Station
15:58 Return

Total score Z = 200.8676, total cost ¥104, 2 attractions visited.

[’ Scenario 2: Budget—constrained cultural route with
three mandatory attractions
r = Suzhou Station
09:00 Departure
L =
& Taxi, ¥30
e Hanshan Temple Arrival:  09:20 Departure: 10:20 Ticket: ¥20
l Bus/Metro/Walking, ¥6
@ Gate to the East Arrival: 11:27 Departure: 12:07 Ticket: ¥0
l Bus/Metro/Walking, ¥4
Suzhou Museum Arrival: 12:37 Departure: 14:07  Ticket: ¥0
LTaxi, ¥12
—_— — — — — — ~
e Humble Administrator's Garden ~ Arrival: 14:50  Departure: 16:50 Ticket: ¥70
l Bus/Metro/Walking, ¥3
- — ~
g Suzhou Station
17:55 Return
Total score Z = 399.0441, total cost ¥145, 4 attractions visited.

Scenario 4: Low-budget morning route using
public transport

|

Suzhou Station
09:00 Departure

* Bus/Metro/Walking, ¥3

9 Lion Grove Garden Arrival:  09:25 Departure: 10:25 Ticket: ¥30
¥ Bus/Metro/Walking, ¥0
Suzhou Museum Arrival:  10:32 Departure: 12:02 Ticket: ¥0

¥ Bus/Metro/Walking, ¥3

Suzhou Station
12:47 Return

0

Total score Z = 172.0, total cost ¥36, 2 attractions visited.

J

Figure 3: Route diagrams for the four test scenarios: selected attractions, transport modes, travel

time, transport cost, and visiting duration

The route diagrams in Figure 3 show that SMMC-SA adapts both route length and transport

mode according to the available time and budget. Case 1 contains more attractions and uses taxis

on several legs to save time, while Cases 2—4 are shorter because their time or budget constraints

are tighter.
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4.3 Algorithm Performance

Stability: 30 Seeds x 30 Simulations Each

o WW\/

600

500 1

400 - A —— *A \A .

N

300 1

B aran e ~ e o SDASN g ar:
—o— Case 1

100 1 =—e— Case 2
—o— Case 3
—o— Case 4

0 - T T T T T T
0 5 10 15 20 25 30
Seed index

Figure 4: Stability of SMMC-SA over 30 independent seeds for the four scenarios
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Figure 5: SMMC-SA Convergence: Feasible Best-so-far Z over Iterations

Figure 4 verifies stable outputs across 30 independent random runs. Convergence curves in Fig-
ure 5 track the best feasible objective value throughout iterations. Case 1 with loose constraints
features slow, sustained optimisation owing to a broad solution space. Cases 2—4 converge rapidly
and plateau early, reflecting tighter constraints restricting further objective improvement.
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4.4 Sensitivity Analysis

Sensitivity analysis was conducted on budget, Teon, Trest and Tmin. As illustrated in Figure 6,
objective value Z rises with budget and levels off after reaching a critical limit. Larger T¢on
boosts Z by cutting rest frequency and extending sightseeing time, whereas prolonged T}est lowers
performance due to time consumption and fewer accessible attractions. The stopping temperature
Tmin has negligible influence on the final solution. Once sufficiently small, further reduction only
increases computation without altering the route, confirming the robustness of SMMC-SA.

Budget Sensitivity T_con Sensitivity
800
800
700
600
600
500
N N 400 _//\/_—
400
300
200 200
T e
100
0 0
50 100 150 200 250 300 50 100 150 200 250 300
Budget (CNY) T_con (min)
T_rest Sensitivity Analysis T_min Sensitivity
1000 700
600
800
500
600 400
N N
300
400
200
00 e
1 100
0 -\ 0
0 20 40 60 80 100 0 2 4 6 8 10
T_rest (min) T_min
Case 1 Case 2 Case 3 Case 4

Figure 6: Sensitivity analysis of SMMC-SA under four parameters: budget, Teon, Trest, and
minimum temperature T,

5 Conclusion

SMMC-SA effectively balances score maximization, time windows, budget limits and mandatory-
visit requirements. The four scenarios show that the algorithm can adapt route length and
transport mode to different constraint settings. The stability and sensitivity tests also indi-
cate reasonable robustness. This framework can also be transferred to other cities by updating
the attraction database and travel matrix. Its integration with a user-facing interface further
demonstrates its practical value for personalized one-day itinerary planning, which is available
at: https://oracle-suzhou-travel.base44.app. Future research directions include develop-
ing scalable versions for large-scale instances with hundreds of points of interest, extending the

model to multi-day itineraries, and incorporating real-time traffic and environmental data.

Word count: 1547 words, excluding tables, equations, references and appendix.
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6 Appendix: Traffic Data

Table 6: Travel time and cost between attractions in Suzhou

Public Public Taxi Taxi
From To
Time (min) Cost (RMB) Time (min) Cost (RMB)

Gate to the Suzhou 5 0 3 12
East Center
Gate to the Humble Ad- 35 4 22 38
East ministrator’s

Garden
Gate to the Suzhou 30 4 23 40
East Museum
Gate to the  Pingjiang 19 4 18 32
East Road
Gate to the Lion Grove 37 4 21 36
East Garden
Gate to the Guangian 23 3 14 26
East Street
Gate to the Hanshan 27 6 24 42
East Temple
Gate to the  Fengqiao 30 6 25 44
East Scenic Area
Gate to the  Tiger Hill 43 6 28 48
East
Gate to the  Lingering 36 4 23 40
East Garden
Gate to the  Xiyuan 32 4 22 38
East Temple
Gate to the Master of 37 4 19 34
East the Nets

Garden
Gate to the Canglang 30 4 18 32
East Pavilion
Gate to the Shantang 25 6 19 34
East Street
Gate to the Taihu 70 8 38 92
East Wetland

Park
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Public Public Taxi Taxi

From To
Time (min) Cost (RMB) Time (min) Cost (RMB)

Gate to the  Tongli 70 7 39 102
East Ancient

Town
Suzhou Humble Ad- 35 4 22 38
Center ministrator’s

Garden
Suzhou Suzhou 40 4 23 40
Center Museum
Suzhou Pingjiang 33 4 18 32
Center Road
Suzhou Lion Grove 37 4 21 36
Center Garden
Suzhou Guangian 23 3 14 26
Center Street
Suzhou Hanshan 27 6 24 42
Center Temple
Suzhou Fengqiao 30 6 25 44
Center Scenic Area
Suzhou Tiger Hill 43 6 28 48
Center
Suzhou Lingering 36 4 23 40
Center Garden
Suzhou Xiyuan 32 4 22 38
Center Temple
Suzhou Master of 37 4 19 34
Center the Nets

Garden
Suzhou Canglang 30 4 18 32
Center Pavilion
Suzhou Shantang 25 6 19 34
Center Street
Suzhou Taihu 70 8 38 92
Center Wetland

Park
Suzhou Tongli 70 7 39 102
Center Ancient

Town
Humble Ad-  Suzhou 3 0 3 12
ministrator’s Museum
Garden
Humble Ad-  Pingjiang 12 0 4 12
ministrator’s Road
Garden
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Public Public Taxi Taxi

From To

Time (min) Cost (RMB) Time (min) Cost (RMB)
Humble Ad-  Lion Grove 8 0 3 12
ministrator’s Garden
Garden
Humble Ad- Guangian 18 0 5 12
ministrator’s  Street
Garden
Humble Ad- Hanshan 32 2 14 24
ministrator’s Temple
Garden
Humble Ad-  Fenggqiao 36 2 15 26
ministrator’s  Scenic Area
Garden
Humble Ad-  Tiger Hill 28 2 13 22
ministrator’s
Garden
Humble Ad-  Lingering 24 2 9 16
ministrator’s  Garden
Garden
Humble Ad-  Xiyuan 28 2 9 16
ministrator’s Temple
Garden
Humble Ad-  Master of 22 2 9 16
ministrator’s the Nets
Garden Garden
Humble Ad-  Canglang 22 2 9 16
ministrator’s Pavilion
Garden
Humble Ad-  Shantang 20 2 8 14
ministrator’s  Street
Garden
Humble Ad-  Taihu 65 5 33 78
ministrator’s Wetland
Garden Park
Humble Ad-  Tongli 55 6 34 88
ministrator’s  Ancient
Garden Town
Suzhou Pingjiang 10 0 4 12
Museum Road
Suzhou Lion Grove 7 0 3 12
Museum Garden
Suzhou Guangian 17 0 5 12
Museum Street
Suzhou Hanshan 33 2 14 24
Museum Temple
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Public Public Taxi Taxi

From To
Time (min) Cost (RMB) Time (min) Cost (RMB)

Suzhou Fengqiao 37 2 15 26
Museum Scenic Area
Suzhou Tiger Hill 29 2 13 22
Museum
Suzhou Lingering 25 2 9 16
Museum Garden
Suzhou Xiyuan 29 2 9 16
Museum Temple
Suzhou Master of 23 2 9 16
Museum the Nets

Garden
Suzhou Canglang 23 2 9 16
Museum Pavilion
Suzhou Shantang 21 2 8 14
Museum Street
Suzhou Taihu 66 5 33 78
Museum Wetland

Park
Suzhou Tongli 56 6 34 88
Museum Ancient

Town
Pingjiang Lion Grove 6 0 3 12
Road Garden
Pingjiang Guangian 14 0 0 0
Road Street
Pingjiang Hanshan 26 6 14 24
Road Temple
Pingjiang Fengqiao 29 6 15 26
Road Scenic Area
Pingjiang Tiger Hill 28 7 13 22
Road
Pingjiang Lingering 32 4 9 16
Road Garden
Pingjiang Xiyuan 28 4 9 16
Road Temple
Pingjiang Master of 11 0 4 12
Road the Nets

Garden
Pingjiang Canglang 16 0 5 12
Road Pavilion
Pingjiang Shantang 20 5 8 14
Road Street
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Public Public Taxi Taxi
From To
Time (min) Cost (RMB) Time (min) Cost (RMB)

Pingjiang Taihu 69 8 33 78
Road Wetland

Park
Pingjiang Tongli 50 6 34 88
Road Ancient

Town
Lion Grove Guangian 13 0 4 12
Garden Street
Lion Grove Hanshan 31 2 14 24
Garden Temple
Lion Grove Fengqiao 35 2 15 26
Garden Scenic Area
Lion Grove Tiger Hill 27 2 13 22
Garden
Lion Grove Lingering 23 2 9 16
Garden Garden
Lion Grove Xiyuan 27 2 9 16
Garden Temple
Lion Grove Master of 21 2 8 14
Garden the Nets

Garden
Lion Grove Canglang 21 2 8 14
Garden Pavilion
Lion Grove Shantang 19 2 8 14
Garden Street
Lion Grove Taihu 64 5 33 78
Garden Wetland

Park
Lion Grove Tongli 54 6 34 88
Garden Ancient

Town
Guangian Hanshan 24 5 11 18
Street Temple
Guangian Fengqiao 27 5 12 20
Street Scenic Area
Guangian Tiger Hill 27 7 11 18
Street
Guangian Lingering 30 3 9 16
Street Garden
Guangian Xiyuan 26 3 9 16
Street Temple
Guangian Master of 18 2 4 12
Street the Nets

Garden
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Public Public Taxi Taxi

From To
Time (min) Cost (RMB) Time (min) Cost (RMB)

Guangian Canglang 13 0 4 12
Street Pavilion
Guangian Shantang 19 5 7 14
Street Street
Guangian Taihu 68 7 32 76
Street Wetland

Park
Guangian Tongli 40 3 33 86
Street Ancient

Town
Hanshan Fengqiao 9 0 3 12
Temple Scenic Area
Hanshan Tiger Hill 23 2 9 16
Temple
Hanshan Lingering 17 2 4 12
Temple Garden
Hanshan Xiyuan 13 2 4 12
Temple Temple
Hanshan Master of 33 4 14 24
Temple the Nets

Garden
Hanshan Canglang 26 4 14 24
Temple Pavilion
Hanshan Shantang 17 2 8 14
Temple Street
Hanshan Taihu 55 3 23 54
Temple Wetland

Park
Hanshan Tongli 57 6 32 86
Temple Ancient

Town
Fengqgiao Tiger Hill 23 2 9 16
Scenic Area
Fengqiao Lingering 17 2 4 12
Scenic Area  Garden
Fengqgiao Xiyuan 13 2 4 12
Scenic Area  Temple
Fengqiao Master of 33 4 14 24
Scenic Area  the Nets

Garden
Fengqiao Canglang 26 4 14 24

Scenic Area Pavilion
Fenggiao Shantang 17 2 8 14
Scenic Area Street
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Public Public Taxi Taxi

From To
Time (min) Cost (RMB) Time (min) Cost (RMB)
Fengqiao Taihu 55 3 23 54
Scenic Area  Wetland
Park
Fenggiao Tongli 57 6 32 86
Scenic Area  Ancient
Town
Tiger Hill Lingering 17 2 8 14
Garden
Tiger Hill Xiyuan 21 2 8 14
Temple
Tiger Hill Master of 29 4 14 24
the Nets
Garden
Tiger Hill Canglang 29 4 14 24
Pavilion
Tiger Hill Shantang 13 2 4 12
Street
Tiger Hill Taihu 45 3 19 46
Wetland
Park
Tiger Hill Tongli 57 6 31 82
Ancient
Town
Lingering Xiyuan 9 0 3 12
Garden Temple
Lingering Master of 25 4 13 22
Garden the Nets
Garden
Lingering Canglang 25 4 13 22
Garden Pavilion
Lingering Shantang 13 2 4 12
Garden Street
Lingering Taihu 45 3 19 46
Garden Wetland
Park
Lingering Tongli 52 6 31 82
Garden Ancient
Town
Xiyuan Master of 25 4 13 22
Temple the Nets
Garden
Xiyuan Canglang 25 4 13 22
Temple Pavilion
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Public Public Taxi Taxi

From To
Time (min) Cost (RMB) Time (min) Cost (RMB)

Xiyuan Shantang 13 2 4 12
Temple Street
Xiyuan Taihu 42 3 19 46
Temple Wetland

Park
Xiyuan Tongli 52 6 31 82
Temple Ancient

Town
Master of Canglang 9 0 4 12
the Nets Pavilion
Garden
Master of Shantang 27 4 13 22
the Nets Street
Garden
Master of Taihu 67 7 32 76
the Nets Wetland
Garden Park
Master of Tongli 48 5 29 78
the Nets Ancient
Garden Town
Canglang Shantang 27 4 13 22
Pavilion Street
Canglang Taihu 67 7 32 76
Pavilion Wetland

Park
Canglang Tongli 48 5 29 78
Pavilion Ancient

Town
Shantang Taihu 55 3 22 52
Street Wetland

Park
Shantang Tongli 47 5 31 82
Street Ancient

Town
Taihu Tongli 75 8 38 98
Wetland Ancient
Park Town
Suzhou Gate to the 40 4 25 35
Station East
Suzhou Suzhou 40 4 25 35
Station Center
Suzhou Humble Ad- 25 3 15 20
Station ministrator’s

Garden
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Public Public Taxi Taxi

From To
Time (min) Cost (RMB) Time (min) Cost (RMB)

Suzhou Suzhou 25 3 15 20
Station Museum
Suzhou Pingjiang 30 3 12 18
Station Road
Suzhou Lion Grove 25 3 15 20
Station Garden
Suzhou Guangian 10 2 8 15
Station Street
Suzhou Hanshan 35 4 20 30
Station Temple
Suzhou Fengqiao 35 4 20 30
Station Scenic Area
Suzhou Tiger Hill 30 3 18 28
Station
Suzhou Lingering 20 3 15 22
Station Garden
Suzhou Xiyuan 20 3 15 22
Station Temple
Suzhou Master of 35 4 18 28
Station the Nets

Garden
Suzhou Canglang 25 3 15 25
Station Pavilion
Suzhou Shantang 10 2 8 15
Station Street
Suzhou Taihu 70 6 40 85
Station Wetland

Park
Suzhou Tongli 60 5 45 95
Station Ancient

Town

7 Appendix: Implementation Notes

The implementation represents each attraction as a record containing its ID, name, type, score,
visiting duration, ticket costs and opening time. Travel data are stored in a symmetric matrix
containing public-transport and taxi options. The route evaluator simulates the itinerary sequen-
tially from the depot, updates arrival and departure times, inserts waiting time if an attraction
has not opened, and rejects visits that would end after closing time. It also accumulates ticket
and transport costs and inserts rests whenever the continuous activity limit is exceeded.

During initialization, the transport mode of every route leg is first set to public transport. If the
route exceeds the total travel time, non-mandatory attractions are removed one by one and the
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route is recalculated after each removal. If no non-mandatory attractions remain and the route
is still too long, the algorithm changes public-transport legs to taxi, starting from the leg with
the smallest additional taxi cost. If the resulting route exceeds the budget, or if the budget is
still exceeded after all removable non-mandatory attractions have been deleted, the instance is
declared infeasible and the user is asked to re-enter the requirements.

The five neighbourhood operators are randomly selected using fixed probabilities: transport-mode
change 20%, insert 30%, 2-opt 20%, relocate 15% and replace 15%. The default convergence rule
stops the search after 50 temperature stages without improvement.

8 Appendix: Artificial Intelligence Usage Statement

The overall solution strategy, mathematical model, and SMMC-SA algorithm framework were
fully designed by the team members without artificial intelligence (AI) assistance. Once the al-
gorithm logic was completely determined, we provided detailed step-by-step instructions to Al to
produce an initial Python implementation code of the SMMC-SA algorithm. The Al-generated
code was then reviewed line-by-line by the team. Then, errors, missing constraints and inefficien-
cies were identified through testing, and the code was revised through follow-up prompts. After
several iterations, the final code was verified by us to be correct and fully consistent with the

proposed algorithm.

For the front-end prototype accessible at https://oracle-suzhou-travel.base44.app, we pro-
vided the final Python code from the Appendix “Python Code Implementation” to an Al tool
and instructed it to generate a corresponding web interface based on that code. The Al-generated
front-end code was then tested by the team. We corrected display and logic issues, refined the
design, and ensured the interface reliably produces personalised itineraries from user inputs based
on our designed algorithm.

9 Appendix: Python Code Implementation

The complete Python implementation of the proposed SMMC-SA algorithm is provided below.

Listing 1: Full implementation of SMMC-SA

import math, random, time
from datetime import date as _date

# 1. Attraction Database
SUZHOU_ATTRACTIONS = [
# id, name, type, score, baseTime (min),
# ticket{adult, student,child, senior}(CNY), openTime, closeTime

"id": "dfjz", "name": "Gate to the East", "type": "commercial", "score"
: 60, "baseTime": 40,
"ticket": {"adult": O, "student": O, "child": O, "senior": 0},
"openTime": "00:00", "closeTime": "23:59"},
{"id": "szzx", "name": "Suzhou Center", "type": "commercial", "score"
: 65, "baseTime": 60,
"ticket": {"adult": O, "student": O, "child": O, "senior": 0},
"openTime": "10:00", "closeTime": "22:00"},
{"id": "zhzy", ‘"name": "Humble Administrator’s Garden", "type": "humanistic", "score"
: 95, "baseTime": 120,
"ticket": {"adult": 70, "student": 35, "child": 35, "senior": 35},
"openTime": "07:30", "closeTime": "17:30"},
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18
19
20

21
22
23

24

26

27
28
29

39
40
41

42
43
44

HUMANISTIC_TYPES

{"id": "szbwg", "name": "Suzhou Museum",
90, "baseTime": 90,

"ticket": {"adult": O, "student": O, "child": O,
"openTime": "09:00", "closeTime": "17:00"},
{"id": "pj1", "name": "Pingjiang Road",
88, "baseTime": 90,
"ticket": {"adult": O, "student": O, "child": O,
"openTime": "00:00", "closeTime": "23:59"},
{"idq": "sz1l", "name": "Lion Grove Garden",
82, "baseTime": 60,
"ticket": {"adult": 30, "student": 15, "child": 15,
"openTime": "07:30", "closeTime": "17:00"},
{"id": "clq", "name": "Guanqgian Street",
70, "baseTime": 60,
"ticket": {"adult": O, "student": O, "child": O,
"openTime": "09:00", "closeTime": "22:00"},
{"id": "hss", "name": "Hanshan Temple",
80, "baseTime": 60,
"ticket": {"adult": 20, "student": 10, "child": O,
"openTime": "07:30", "closeTime": "17:00"},
{"id": "fqjq", "name": "Fengqiao Scenic Area",
72, "baseTime": 60,
"ticket": {"adult": O, "student": O, "child": O,
"openTime": "00:00", "closeTime": "23:59"},
{"id": "hq", "name": "Tiger Hill",
88, "baseTime": 100,
"ticket": {"adult": 60, "student": 30, "child": 30,
"openTime": "07:30", "closeTime": "17:00"},
{"id": "1iy", "name": "Lingering Garden",
90, "baseTime": 90,
"ticket": {"adult": 45, "student": 22, "child": 22,
"openTime": "07:30", "closeTime": "17:30"},
{"id": "xyj", "name": "Xiyuan Temple",
68, "baseTime": 60,
"ticket": {"adult": 5, "student": 5, "child": O,
"openTime": "07:30", "closeTime": "17:00"},
{"idq": "wsy", "name": "Master of the Nets Garden",
78, "baseTime": 60,
"ticket": {"adult": 30, "student": 15, "child": 15,
"openTime": "07:30", "closeTime": "17:00"},
{"id": "clf", "name": "Canglang Pavilion",
75, "baseTime": 60,
"ticket": {"adult": 15, "student": 7, "child": 7,
"openTime": "07:30", "closeTime": "17:00"},
{"ia": "stj", "name": "Shantang Street",
86, "baseTime": 90,
"ticket": {"adult": O, "student": O, "child": O,
"openTime": "00:00", "closeTime": "23:59"},
{"id": "thlgy", "name": "Taihu Wetland Park",
78, "baseTime": 120,
"ticket": {"adult": 30, "student": 15, "child": 15,
"openTime": "09:00", "closeTime": "17:00"},
{"id": "tllgz", "name": "Tongli Ancient Town",
92, "baseTime": 180,
"ticket": {"adult": 100, "student": 50, "child": 50,

"openTime": "07:30", "closeTime": "17:15"},

{"humanistic"}

NATURAL_TYPES = {"natural"}
COMMERCIAL_TYPES = {"commercial"}

N

ATT_BY_ID = {a["id"]: a for a in SUZHOU_ATTRACTIONS}

len (SUZHOU_ATTRACTIONS)
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Transport Matrix

Each entry: [from, to,

taxi_time (min),

RAW_TRAFFIC = [

["dfjz","szzx" ,5,0,3,12],
,30,4,23,40],
["dfjz","pjl",19,4,18,32],
["dfjz","hss",27,6,24,42],
["dfjz","1ly",36,4,23,40],
["dfjz","clf",30,4,18,32],
,70,8,38,92]1,

["dfjz","tllgz",70,7,39,102],

["szzx","zhzy" ,35,4,22,38],
,"szl1" ,37,4,21,36],
["szzx","£qjq" ,30,6,25,44],
["szzx","xyj",32,4,22,38],
["szzx","stj",25,6,19,34],
,70,7,39,102],
["zhzy","szbwg" ,3,0,3,12],
["zhzy","clq",18,0,5,12],
,36,2,15,26],
["zhzy","hq",28,2,13,22],
["zhzy","wsy" ,22,2,9,16],
["zhzy","thlgy" ,65,5,33,78]1,
["szbwg","pjl",10,0,4,12],
["szbwg","hss",33,2,14,24],
["szbwg","ly",25,2,9,16],
["szbwg","clf",23,2,9,16],
,66,5,33,781,

["szzx"

["szbwg","tllgz" ,56,6,34,88],

["pj1","sz1l",6,0,3,12],
["pjl","fqjq" ,29,6,15,26],
["pjl","xyj",28,4,9,16],
["pjl","stj",20,5,8,14],
,50,6,34,88],
["sz1","clq",13,0,4,12],
["szl","hq",27,2,13,22],
["szl1","wsy",21,2,8,14],
["szl","thlgy" ,64,5,33,78],
["clq","hss",24,5,11,18],
["clq","1ly",30,3,9,16],
["clq","clf",13,0,4,12],
,68,7,32,76],
["clq","tllgz" ,40,3,33,86],
["hss","fqjq",9,0,3,12],
["hss","xyj",13,2,4,12],
["hss","stj",17,2,8,14],
,57,6,32,86],
["£qjq","hq" ,23,2,9,161,
["fqjq","wsy" ,33,4,14,24],
["fqjq","thlgy",55,3,23,54],
["hq","1ly",17,2,8,14],
["hq","clf",29,4,14,24],
["hq","tllgz" ,57,6,31,82],
["1y","xyj",9,0,3,12],
["1y","stj",13,2,4,12],
["xyj","wsy",256,4,13,22],
["xyj","thlgy" ,42,3,19,46],
["wsy","clf",9,0,4,12],
,67,7,32,76],
["wsy","tllgz" ,48,5,29,78],
["clf","stj",27,4,13,22],
,48,5,29,78],
["stj","thlgy",55,3,22,52],

["thlgy","tllgz",75,8,38,98],

public_time (min),

taxi_cost (CNY)]

["dfjz","zhzy" ,b35,4,22,38],
["dfjz","szl",37,4,21,36],
["dfjz","fqjq" ,30,6,25,44],
["dfjz","xyj",32,4,22,38],
["dfjz","stj",25,6,19,34],

"szzx","szbwg" ,40,4,23,40],
,"clq",23,3,14,26],
"szzx","hq",43,6,28,48],
["szzx","wsy" ,37,4,19,34],
"szzx","thlgy",70,8,38,92],

"szzx"

[”thy","pjl",12,0,4,12],
["zhzy","hss" ,32,2,14,24],

,"1y",24,2,9,16],
["zhzy","clf",22,2,9,16],
["zhzy","tllgz" ,55,6,34,88],
,"szl",7,0,3,12],
,"£qjq" ,37,2,15,261,
,"xyji",29,2,9,16],
,"stj",21,2,8,14],

[II thy "

["szbwg

["szbwg

["szbwg"
["szbuwg

,"clq",14,0,0,0],
[upjlu’uhqu’28’7,13’22]’
["pjl","wsy",11,0,4,12],
["pjl","thlgy",69,8,33,78],

[Ilpjln

,"hss",31,2,14,24],
,"1y",23,2,9,161,
["szl","clf",21,2,8,14],
"szl","tllgz" ,54,6,34,88],
["clq","fqjq",27,5,12,20],
["clq","xyj",26,3,9,16],
["clq","stj",19,5,7,14],

ngzl "
[II szl"

[“hSS"
[“hSS"
[“hSS"

,"hq",23,2,9,16],
,"wsy",33,4,14,24],
,"thlgy" ,55,3,23,54],

["fqjq","1ly",17,2,4,12],
["fqjq","clf",26,4,14,24],
["fqjq","tllgz" ,57,6,32,86],
["hgq","xyj",21,2,8,14],
["hq","stj",13,2,4,12],

["1y","wsy",25,4,13,22],
["1y","thlgy" ,45,3,19,46],
["xyj","clf",25,4,13,22],
["xyj","tllgz",562,6,31,82],
["wsy","stj",27,4,13,22],

["clf","thlgy",67,7,32,76],

["stj","tllgz" ,47,5,31,82],

25

public_cost (CNY),

["dij“ s "SZng"
["dfjz","clq",23,3,14,26],
["dfjz","hq" ,43,6,28,48],
["dfjz","wsy",37,4,19,34],
[lldszll . llthlgyll

["szzx","pjl",33,4,18,32],
,"hss" ,27,6,24,42],
["szzx","1ly" ,36,4,23,40],
["szzx","clf",30,4,18,32],
["szzx","tllgz"

"szzx"

["zhzy","sz1",8,0,3,12],
["thy“ ’nquqn

,"xyj",28,2,9,16],
»"stj",20,2,8,14],

[n Zth "
[n thy "

["szbwg","clq",17,0,5,12],
["szbwg","hq" ,29,2,13,22],
["szbwg","wsy",23,2,9,16],
["szbug","thlgy"

,"hss" ,26,6,14,24] ,
["pjl","1ly",32,4,9,16],
["pjl","clf",16,0,5,12],
["pjl","tllgz"

[npjlu

ngzl "
["SZl“
["SZ].“

,"fqjq" ,35,2,15,261,
,"xyj",27,2,9,16],
,"stj",19,2,8,14],

["clq","hq",27,7,11,18],
["clq","wsy" ,18,2,4,12],
["Clq" s "thlgy”

["hSS"
["hss"
[”hSS"

,"ly",17,2,4,12],
,"clf" ,26,4,14,24],
,"tllgz"

[llquqll’llxyjll ,13’2’4,12] s
["fqjq","stj",17,2,8,14],

["hq","wsy",29,4,14,24],
["hq","thlgy" ,45,3,19,46],

["1y","clf",25,4,13,22],
["1y","tllgz" ,62,6,31,82],
["xyj","stj",13,2,4,12],

["WSy" s n thlgy n

["clf","tllgz"



["szz","dfjz" ,40,4,25,35], "szz","szzx" ,40,4,25,35], ["szz","zhzy" ,25,3,15,20],

["szz","szbwg" ,25,3,15,20], "szz","pjl",30,3,12,18], ["szz","szl",25,3,15,20],
["szz","clq",10,2,8,15], ["szz","hss",35,4,20,30], ["szz","fqjq" ,35,4,20,30],
["szz","hq",30,3,18,28], ["szz","1ly",20,3,15,22], ["szz","xyj",20,3,15,22],
["szz","wsy",35,4,18,28]1, ["szz","clf",25,3,15,25], ["szz","stj",10,2,8,15],

["szz","thlgy",70,6,40,85], ["szz","tllgz",60,5,45,95],

TRAFFIC_MAP = {}

for

def

def

def

def

def

_r in RAW_TRAFFIC:

_a, _b, _pt, _pc, _tt, _tc = _r

_info = {"public_time": int(_pt), "public_cost": int(_pc),
"taxi_time": int(_tt), "taxi_cost": int (_tc)}

TRAFFIC_MAP[f"{_a}|{_b}"] = _info

TRAFFIC_MAP[f"{_b}[{_a}"] = _info

time_to_min(t):

"""Convert ’HH:MM’ string to minutes from midnight (int).
if not t:
return 0
h, m = map(int, t.split(":"))
return h * 60 + m

min_to_time (m):
"""Convert minutes from midnight to ’HH:MM’ string."""
return £"{(int(m)//60) %24:02d}:{int (m) %60:02d}"

get_travel (fr, to, mode="public"):

Return a transport leg dict: {mode, time(min), cost (CNY)}.

mode="public" -> public transit; mode="taxi" -> Taxi.

Falls back to {45min, CNY5 public} / {30min, CNY40 taxi} if pair not in matrix.

nmun
if fr == to:
return {"mode": "stay", "time": 0, "cost": 0}
info = TRAFFIC_MAP.get(f"{fr}|{tol}",
{"public_time": 45, "public_cost": 5,

"taxi_time": 30, "taxi_cost": 40})
if mode == "taxi'":
return {"mode": "taxi", "time": info["taxi_time"], "cost": infol["taxi_cost"]}
return {"mode": "public", "time": info["public_time"], "cost": infol["public_cost"]1}

ticket_cost(att, vtype="adult"):
"""Return ticket price for the given visitor type."""
return att["ticket"].get(vtype, att["ticket"]["adult"])

selected_preference_types (prefs):
"""Return the set of attraction types that are switched on by w2/w3/w4."""
types = set ()

if int(prefs.get("w2", 0)) == 1: types.update (HUMANISTIC_TYPES)
if int(prefs.get("w3", 0)) == 1: types.update (NATURAL_TYPES)
if int (prefs.get("w4", 0)) == 1: types.update (COMMERCIAL_TYPES)

return types

adjusted_score(att, prefs):
nnn

Return s’_i as defined in Eq. (3)-(4):
Let P be the set of attractions whose types are selected by the user.

If P = empty, no preference adjustment is applied: s’_i = s_i for all i.
If P != empty, compute the preference multiplier lambda:
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190 lambda = 1.1, if max{s_j : j not in P} <= min{s_j

in P}
191 lambda = (max{s_j : j not in P} + 1)
192 / min{s_j : j in P}, if max{s_j : j not in P} > min{s_j
in P}
193
194 Then:
195 s’_i = lambda * s_i, if i in P,
196 s’_i = s_i, otherwise.
197 e
198 selected = selected_preference_types (prefs)
199 if not selected or att["type"] not in selected:
200 return att["score"]
201
202 in_P = [a["score"] for a in SUZHOU_ATTRACTIONS if a["type"] in selected]
203 not_in_P = [a["score"] for a in SUZHOU_ATTRACTIONS if al["type"] not in selected]
204
205 if not not_in_P:
206 # All attractions are preferred; no non-preferred set exists
207 return att["score"]
208
209 max_not_P = max(not_in_P)
210 min_P = min(in_P)
211
212 if max_not_P <= min_P:
213 lam = 1.1
214 else:
215 lam = (max_not_P + 1) / min_P
216
217 return lam * att["score"]
218

219 def route_traffic_time(route, leg_modes, transport="public"):

220 e

221 Compute total transit-only time (no visit durations) for the full loop
222 szz -> route[0] -> ... -> route[-1] -> szz, using per-leg modes when provided.
223 leg_modes: list of mode strings, length = len(route)+1 (includes return leg).
224 e

225 ids = ["szz"] + [a["id"] for a in route] + ["szz"]

226 total = 0

227 for i in range(len(ids) - 1):

228 mode = leg_modes[i] if (leg_modes and i < len(leg_modes)) else transport
229 total += get_travel(ids[i], ids[i + 1], mode)["time"]

230 return total

231

232

233 def evaluate(route, day_cfg, budget, prefs,

234 must_ids, excl_ids,

235 leg_modes=None,

236 transport="public",

237 vtype="adult"):

238 e

239 Simulate the trip and return Z plus schedule details.

240

241 Parameters

242 IEEEESEILES S

243 route : ordered list of attraction dicts to visit

244 day_cfg : {"startTime": "HH:MM", "endTime": "HH:MM"}

245 budget : float - total budget in CNY (tickets + transport)

246 prefs : {"w2": int, "w3": int, "w4": int,

247 "t_con": float, "t_rest": floatl}

248 must_ids : set of mandatory attraction IDs

249 excl_ids : set of excluded attraction IDs

250 leg_modes : list of mode strings, one per leg (len = len(route)+1).
251 If None, all legs use ‘transport ‘.

252 transport : fallback mode when leg_modes is None

253 vtype : visitor type for ticket pricing
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Returns

dict: Z, feasible, steps, totalCost,

objectiv

visitedAttractions,
eValue, returnTime, legModes

t_con = prefs.get("t_con", 100)

t_rest = prefs.get("t_rest", 20)

start_mn = time_to_min(day_cfgl["startTime"])
end_mn = time_to_min(day_cfg["endTime"])
n_legs = len(route) + 1

used_modes = leg_modes[:]

total_cost = 0.0

visited = set ()
cur_time = start_mn
cur_1loc = "szz"
steps = [1
stamina = 0.0
sum_score = 0.0
leg_idx =0

for att in route:

# C1: skip
if att["id

break
mode = us
leg = ge
t_leg = le

excluded attractions
"] in excl_ids:

ed_modes [leg_idx] if leg_idx < len(used_modes) else transport

if leg_modes else ["public"]

t_travel (cur_loc, att["id"], mode)

g["time"]

* n_legs

# C8: rest before transit if stamina limit would be exceeded

if stamina

+ t_leg > t_con:

cur_time += t_rest

stamina = 0.0
arrival_raw = cur_time + t_leg
open_mn = time_to_min(att["openTime"])

close_mn
wait_time

= time_to_min(att["closeTime"])

= max (0, open_mn -

arrival_raw)

arrival_time = arrival_raw + wait_time

act_dur
depart

= att["baseTime"]

= arrival_time + act_dur

# C2b: cannot finish visit before closing time
if close_mn < 1440 and depart > close_mn:

break

sum_score += adjusted_score(att,

tcost = ti

cket_cost (att, vtype)

prefs)

total_cost += tcost + leg["cost"]
visited.add(att["id"])

# C8: upda
stamina +=
if stamina

te stamina; reset if continuous limit reached after visit

t_leg + act_dur
>= t_con:

cur_time = depart + t_rest
stamina = 0.0

else:
cur_time = depart

cur_loc = att["id"]

leg_idx += 1
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320 steps.append ({

321 "attraction": att,

322 "leg": leg,

323 "arriveTime": min_to_time (arrival_time),

324 "leaveTime": min_to_time (depart),

325 "waitTime": wait_time,

326 "visitTime": act_dur,

327 "ticketCost": tcost,

328 iy

329

330 # Return trip to Suzhou Station

331 ret_mode = used_modes[leg_idx] if leg_idx < len(used_modes) else transport
332 ret_leg = get_travel(cur_loc, "szz", ret_mode)

333 t_ret_leg = ret_legl["time"]

334 if stamina + t_ret_leg > t_con:

335 cur_time += t_rest

336 ret_time = cur_time + t_ret_leg

337 total_cost += ret_leg["cost"]

338

339 # Objective: Z = sum of adjusted scores (NO penalty deduction)
340 unvisited_must = [i for i in must_ids if i not in visited]
341 Z = sum_score

342

343 feasible = (len(unvisited_must) == 0

344 and ret_time <= end_mn

345 and total_cost <= budget)

346

347 return {

348 D77 g h g

349 "feasible": feasible,

350 "steps": steps,

351 "totalCost": total_cost,

352 "visitedAttractions": list(visited),

353 "returnTime": min_to_time(ret_time),

354 "objectiveValue": round(Z, 4),

355 "legModes": used_modes,

356 }

357

358 #

359 # 5. Hard-Constraint Check (Cl: exclusion, no duplicates)

360 # =========================================================
361 def is_hard_feasible(route, excl_ids):

362 """Return True iff route contains no excluded or duplicate attractions."""
363 seen = set ()

364 for att in route:

365 if att["id"] in excl_ids:

366 return False

367 if att["id"] in seen:

368 return False

369 seen.add (att["id"])

370 return True

371

372 # =========================================================
373 # 6.Initial Route Construction (Step 1 of SMMC-SA)

374 # =========================================================
375 def _eval_time_cost(route, day_cfg, budget, prefs,

376 must_ids, excl_ids, leg_modes, vtype):

377 """Quick helper: evaluate and return (ret_time_min, total_cost)."""
378 res = evaluate(route, day_cfg, budget, prefs,

379 must_ids, excl_ids, leg_modes, "public", vtype)
380 return time_to_min(res["returnTime"]), res["totalCost"]

381

382 def build_initial_route(must_ids, excl_ids, prefs, day_cfg, budget,
383 transport="public", vtype="adult"):
384 e

385 Construct the initial candidate set and route.
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439
440

Returns

E;;;;;: leg_modes) or (None, None) if infe
W

end_mn = time_to_min(day_cfg["endTime"])
available_sorted = sorted(

[a for a in SUZHOU_ATTRACTIONS if a["id"] not in excl_ids],

asible.

key=lambda a: adjusted_score(a, prefs),
reverse=True

)

# Build candidate set CO

target_size = max (4, len(must_ids))

route = [a for a in available_sorted if al["id"]

slots_left = target_size - len(route)

for att in available_sorted:

if s

lots_left <= O0:

break
if att["id"]

continue

route.append(att)

slot

s_left -= 1

# Phase A: sort by adjusted

route =

# Phase B:

sorted (route, key=lambda a:

in must_ids:

score

leg_modes = ["public"] * (len(route) + 1)

ret_time

, total_cost = _eval_time_cost (route,

while ret_time > end_mn:

non_must = [a for a in route if al["id"] not

if not non_must:

break

to_drop = min(non_must,

route.remove (to_drop)
leg_modes = ["public"] * (len(route) + 1)

ret_time, total_cost = _eval_time_cost (route,

must_ids,

key=lambda a:

adjusted_score(a,

adjusted_score (a,

must_ids,

day_cfg,

in must_ids]

prefs),

day_cfg, budget,
excl_ids,

in must_ids]

excl_ids,

leg_modes,

trim non-mandatory attractions until time is feasible

prefs,

prefs))

budget , prefs,

leg_modes,

# Phase D: taxi upgrade if still over time after deleting all optionals

while ret_time > end_mn:

ids
best
best

for i in range(len(leg_modes)):

if leg_modes[i] ==
continue

taxi":

["szz"] + [a["id"] for a in route] + ["szz"]
_idx = -1
_delta_c = float("inf")

info = TRAFFIC_MAP.get(f"{ids[i]}[{ids[i+1]2}",
": 45, "public_cost": b,
30, "taxi_cost": 40})

{"public_time
"taxi_time":

delta_c = info["taxi_cost"]
if time_saved > 0 and delta_c < best_delta_c:

time_saved = info["public_time"] -

best_delta_c = delta_c

best_idx = i

if best_idx == -1:

return None, None

leg_modes [best_idx] = "taxi"

ret_time,

total_cost = _eval_time_cost (route,

30

info["taxi_time"]

must_ids,

day_cfg,

- info["public_cost"]

excl_ids,

budget , prefs,

leg_modes,

reverse=True)

vtype)

vtype)

vtype)



if total_cost > budget:
return None, None

# Phase C: after time is feasible, repair budget by deleting high-ticket optionals
while total_cost > budget:
non_must = [a for a in route if a["id"] not in must_ids]
if not non_must:
return None, None
to_drop = max(non_must, key=lambda a: ticket_cost(a, vtype))
drop_idx = route.index(to_drop)
route.remove (to_drop)
if drop_idx < len(leg_modes):
leg_modes.pop(drop_idx)
while len(leg_modes) < len(route) + 1:
leg_modes.append ("public")
while len(leg_modes) > len(route) + 1:
leg_modes.pop ()
ret_time, total_cost = _eval_time_cost(route, day_cfg, budget, prefs,
must_ids, excl_ids, leg_modes, vtype)

if ret_time > end_mn:
return None, None

return route, leg_modes

def bb_order (candidate_set, day_cfg, budget, prefs,
must_ids, excl_ids, leg_modes_init, vtype):

B&B exact ordering for a small candidate set.

Returns

E;;;;:;oute, best_Z) : (list of att dicts, float)

adj_scores = {a["id"]: adjusted_score(a, prefs) for a in candidate_set}
def ev(r):

modes = ["public"] * (len(r) + 1)
return evaluate(r, day_cfg, budget, prefs,
must_ids, excl_ids, modes, "public", vtype)

best = {"route": [], "Z": -math.inf}

def dfs(path, remaining, path_score):

rem_scores = sorted([adj_scores[a["id"]] for a in remaining], reverse=True)
ub = path_score + sum(rem_scores)
if ub <= best["Z"]:

return

if not remaining:
result = ev(path)
if result["Z"] > best["Z"]:

best ["Z"] = result["Z"]
best ["route"] = pathl[:]
return

for i, att in enumerate(remaining):
next_remaining = remaining[:i] + remaining[i+1:]
dfs(path + [att], next_remaining,
path_score + adj_scores[att["id"]])

dfs ([], candidate_set[:], 0.0)
return best["route"], best["Z"]
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def neighbour (route, leg_modes, available, must_ids, excl_ids):

Apply one randomly chosen neighbourhood operator.

Returns

(new_route, new_leg_modes)

new_r = routel[:]
new_modes = leg_modes[:] if leg_modes else ["public"] * (len(route) + 1)
op = random.random ()

if op < 0.20:
# N1: Transport swap
if new_modes:
idx = random.randrange (len(new_modes))
new_modes [idx] = "taxi" if new_modes[idx] == "public" else "public"

elif op < 0.50:
# N2: Insert
used = {a["id"] for a in new_r}
candidates = [a for a in available if a["id"] not in used]
if candidates:
att = random.choice(candidates)
pos = random.randint (0, len(new_r))
new_r.insert (pos, att)
new_modes.insert (pos, "public")

elif op < 0.70:

# N3: 2-opt reversal with C9 anti-detour check

if len(new_r) >= 2:
i1, i2 = sorted(random.sample(range(len(new_r)), 2))
new_r[il1:i2 + 1] = new_r[il:i2 + 1][::-1]
new_modes[i1:i2 + 1] = new_modes[il:i2 + 1][::-1]
# C9: reject if total travel time increases
if (route_traffic_time(new_r, new_modes) >

route_traffic_time (route, leg_modes)):
return routel[:], leg_modes[:]

elif op < 0.85:

# N4: Relocate

if new_r:
idx = random.randrange (len(new_r))
att = new_r.pop(idx)
new_modes .pop (idx)
new_pos = random.randint (0, len(new_r))
new_r.insert (new_pos, att)
new_modes.insert (new_pos, "public")

else:
# N5: Replace non-mandatory attraction with an unselected one
non_must = [i for i, a in enumerate(mnew_r) if al["id"] not in must_ids]
if non_must:
idx = random.choice(non_must)
used {a["id"] for a in new_r}
opts = [a for a in available if a["id"] not in used]
if opts:

new_r [idx] = random.choice (opts)

# Ensure leg_modes length stays consistent with route length
expected = len(new_r) + 1
while len(new_modes) < expected:

new_modes .append ("public")
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584 while len(new_modes) > expected:

585 new_modes .pop ()

586

587 return new_r, new_modes

588

589 # =========================================================
590 # 9. Main SMMC-SA Solver

591 # ==============================S===S========================
592 def _run_sa_ri_once(day_cfg, budget, must_visit, excluded,

593 prefs, tramnsport="public", vtype="adult",
594 T0=800.0, T_min=0.5, alpha=0.93, L=40,

595 verbose=True) :

596 e

597 Single run of SMMC-SA.

598 e

599 t_start = time.time ()

600 must_set = set(must_visit)

601 excl_set = set(excluded)

602 available = [a for a in SUZHOU_ATTRACTIONS if a["id"] not in excl_set]

603

604 def ev(r, modes):

605 return evaluate(r, day_cfg, budget, prefs,

606 must_set, excl_set, modes, transport, vtype)
607

608 # Step 1: Initial route

609 if verbose:

610 print (£"\n{’=’%60}")

611 print (" SMMC-SA - Score-Maximizing Multi-Constraint Simulated Annealing")
612 print (£" TO0={T0} T_min={T_min} alpha={alpha} L={L}")
613 print (f" Prefs: humanistic(w2)={prefs.get(’w2’,0)} "

614 f"natural (w3)={prefs.get(’w3’,0)} "

615 f"commercial (w4)={prefs.get(’wd’,0)}")

616 print (f" [M|={len(must_set)}")

617 print (£"{’="%60}")

618 print (" Step 1: Initial route construction...")

619

620 cur_route, cur_modes = build_initial_route(

621 must_set, excl_set, prefs, day_cfg, budget, transport, vtype)
622

623 if cur_route is None:

624 if verbose:

625 print (" Infeasible: cannot build a valid initial route.")
626 return {

627 "status": "infeasible",

628 "message": "infeasible",

629 W7 g "infeasible",

630 "feasible": False,

631 "steps": [1,

632 "totalCost": 0,

633 "visitedAttractions": [],

634 "returnTime": day_cfgl["endTime"],

635 "objectiveValue": "infeasible",

636 "solver": "SMMC-SA (infeasible)",

637 "solveTime": 0,

638 "route": [1,

639 "days": 1,

640 "legModes": [1,

641 3

642

643 # Step 2: B&B exact ordering of the initial candidate set

644 if verbose:

645 print (f" Route ({len(cur_route)l} attractions): "

646 £f"{’, ’.join(al’name’] for a in cur_route)}")

647 print (" Step 2: B&B exact ordering...")

648

649 cur_route, cur_Z = bb_order(cur_route, day_cfg, budget, prefs,
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659
660
661
662
663
664
665
666
667
668

669

~

cur_modes =

cur_res =

best_Z =
best_route =
best_modes =
best_res =

if verbose:
print (£"
f||

["public"]
ev(cur_route, cur_modes)

*

must_set, excl_set, cur_modes, vtype)

(len(cur_route) + 1)

cur_res["Z"]
cur_route [:]
cur_modes [:]

cur_r

es

Initial Z
(feasible={cur_res[’feasible’]})")

# Step 3: SA main loop

if verbose:
print ("

T
total_iters
accepted_bad
temp_step
no_improve
NO_IMPROVE_M
prev_best_Z
cur_Z

while T > T_

Step

=T
=0
=0
=0
=0
AX = 5

&3

0

0

= {round(best_Z, 4)} "

SA main loop...")

= best_Z

= cur_res["Z"]

min:

temp_step += 1
for in range(L):

total_iters +=

new_r,

cur_route,

1

new_modes

C

= neighbour (

ur_modes, available, must_set,

if not is_hard_feasible(new_r, excl_set):

new_
new_
delt

contin

res =
Z
a_Z

ue

ev(new_r, new_modes)

new_res["Z"]

new

_z

- cur_Z

# Metropolis acceptance criterion
if delta_Z >=

cur_ro
cur_Z

ute

0:

new_r; cur_modes = new_modes
new_Z7Z; cur_res = new_res

elif random.random() < math.exp(delta_Z / max(T,

# Update global best (feasible solutions only)

cur_ro
cur_Z

ute

new_r; cur_modes = new_modes
new_Z; cur_res = new_res

accepted_bad += 1

if cur_Z > best_Z and cur_res["feasible"]:

best_Z

best_route
best_modes

best_r

es

cur_Z
cur_route [:]
cur_modes [:]
cur_res

# Early-stop convergence check
if best_Z > prev_best_Z + le-6:

prev_best_Z = best_Z
no_improve = 0
else:
no_improve += 1
if verbose and temp_step % 20 == O0:
print (£" T={T:.2f} best_Z={round(best_Z,4)}

f"no_improve={no_improve}/{NO_IMPROVE_MAX}
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716 f"accepted_bad={accepted_badl}")

717

718 if no_improve >= NO_IMPROVE_MAX:

719 if verbose:

720 print (£f" Converged: no improvement for {NO_IMPROVE_MAX} temperature
stages "

721 £"(T={T:.4f}), stopping early.")

722 break

723

724 T *= alpha # geometric cooling

725

726 # Final evaluation on the best found route

727 final = ev(best_route, best_modes)

728 elapsed = round((time.time() - t_start) * 1000)

729

730 if verbose:

731 print (£"\n{’=’%60}")

732 print (£" RESULT: Z = {final[’objectiveValue’]}")

733 print (f" Feasible: {final[’feasible’]}")

734 print (f" Total cost: CNY {final[’totalCost’]}")

735 print (f" Itinerary timeline:")

736 print (£" {day_cfgl[’startTime’]} Suzhou Station [Depart]")

737 for s in final["steps"]:

738 att = s["attraction"]

739 mode = s["leg"]["mode"]

740 print (£" -> {mode} {s[’leg’]l[’time’l}min CNY{s[’leg’][’cost’]}")

741 print (£" {s[’arriveTime’]}-{s[’leaveTime’]} "

742 f"{att[’name’]:<30} [{att[’type’]1}] "

743 f"ticket CNY{s[’ticketCost’]}")

744 if final["steps"]:

745 last_id = final["steps"][-1]["attraction"]["id"]

746 last_mode = final.get("leglodes", ["public"])[-1]

747 ret_leg = get_travel(last_id, "szz", last_mode)

748 print (£" -> {ret_legl[’mode’]} {ret_legl[’time’]}min CNY{ret_legl[’cost’]}"

)

749 print (£" {final[’returnTime’]} Suzhou Station [Return]")

750 print (f" Solve time: {elapsed} ms")

751 print (£"{’=’%60}\n")

752

753 final["solver"] = "SMMC-SA (Score-Maximizing Multi-Constraint Simulated Annealing)"

754 final["solveTime"] = elapsed

755 final["route"] = [s["attraction"]["name"] for s in final["steps"]]

756 final["days"] = [{

757 "day": 1,

758 "startTime": day_cfgl"startTime"],

759 "endTime": day_cfgl["endTime"],

760 "stops": final["steps"],

761 "dayCost": final["totalCost"],

762 }

763 final["leglModes"] = best_modes

764

765 return final

766

767

768 def solve_sa_ri(day_cfg, budget, must_visit, excluded,

769 prefs, tramsport="public", vtype="adult",

770 T0=800.0, T_min=0.5, alpha=0.93, L=40,

771 verbose=True, restarts=30, seed=None):

772 """Run SMMC-SA multiple times and return the feasible solution with the largest Z."""

773 t_start = time.time ()

774 best = None

775

776 actual_seed = seed if seed is not None else random.randint (0, 10%%9)

T

778 for k in range(restarts):

779 random.seed (actual_seed -~ (k * 0x9E3779B9 & OxFFFFFFFF))
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def

result = _run_sa_ri_once(

day_cfg=day_cfg, budget=budget,

must_visit=must_visit, excluded=excluded,

prefs=prefs, transport=transport, vtype=vtype,

TO=TO, T_min=T_min, alpha=alpha, L=L,

verbose=False)
# Prefer feasible numeric solutions. If all restarts are infeasible,
# keep an infeasible result and report it explicitly as "infeasible".
def _score_for_compare(r):

if not r.get("feasible", False):

return -math.inf
z = r.get("objectiveValue", -math.inf)
return z if isinstance(z, (int, float)) else -math.inf

if best is None or _score_for_compare(result) > _score_for_compare(best):
best = result

random.seed ()

best["solver"] = f"SMMC-SA (best of {restarts} restarts, seed={actual_seedl})"
best ["seed"] = actual_seed
best["solveTime"] = round((time.time() - t_start) * 1000)

if verbose:
print (£"\n{’=’%60}")
print (f" SMMC-SA finished {restarts} restarts (seed={actual_seedl})")
print (f" Best Z = {best[’objectiveValue’]} Feasible = {best[’feasible’]} Cost =
CNY{best[’totalCost’]}")
print (f" Solve time: {best[’solveTime’]} ms")
_print_route (best, day_cfg)
print (£"{’>=’%60}\n")

return best

_print_route (result, day_cfg):
"""Print a formatted full route including Suzhou Station start/end."""

steps = result.get("steps", [])

pring (@7\a o= Pull REmEE —oocccoooosss oo s s e e C oo e e O e S e oD S S S DS DS ")
print (£" {day_cfgl[’startTime’]} Suzhou Station [Depart]l")
for s in steps:
att = s["attraction"]
leg = s["leg"]
mode_str = "Bus/Metro/Walking" if leg["mode"] == "public" else "Taxi"
print (£" -> {mode_str} {legl’time’]}min CNY{legl[’cost’]1}")
print (£" {s[’arriveTime’]}-{s[’leaveTime’]} "

f"{att[’name’]:<30} [{att[’type’]}] "
f"ticket CNY{s[’ticketCost’]} score:{att[’score’]}")

if steps:
last_id = steps[-1]["attraction"]["id"]
last_mode = result.get("legModes", ["public"] * (len(steps) + 1)) [len(steps)]
ret_leg = get_travel(last_id, "szz", last_mode)
mode_str = "Bus/Metro/Walking" if ret_leg["mode"] == "public" else "Taxi"
print (£" -> {mode_str} {ret_legl[’time’]}min CNY{ret_legl[’cost’]}")

print (£" {result[’returnTime’]} Suzhou Station [Return]")

print (f" -- Total cost CNY{result[’totalCost’]} Z={result[’objectiveValue’]l} ------ "
)

# 10. Semnsitivity Analysis

SENSITIVITY_DIMENSIONS = {

"sa_TO": {
"label": "Initial Temperature TO",
"group": "SA Parameters",

"values": [0, 200, 500, 800, 1200, 2000],
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def

"fmt":
Fo

"sa_alpha":

{

"label":
"group":

"values
"fmt":
Fo
"sa_L": {

"label":
"group":

"values
"fmt":
Fo

"weight_w2":
"label":
"group":

"values
"fmt":
Fo

"weight_w3":
"label":
"group":

"values
"fmt":
Fo

"weight_wéd":
"label":
"group":

"values

"fmt":
Fo
"budget": {

"label":
"group":

"values
"fmt":
Fo

"t_con": {

"label":
"group":

"values
"fmt":

sensitivity

Run SMMC-SA

Returns

{"dimension
nmnn

_analysis (dimension,

{

{

{

lambda v:

str(v),

"Cooling Coefficient alpha",
"SA Parameters",

[0.70,
lambda v:

0.80,

0.85,
£r{v:.2f}",

"Inner -Loop Steps L",
"SA Parameters",

[10, 20,
lambda v:

30,

40,
str(v),

60,

0.90,

80,

0.93,

1001,

"Humanistic Preference",

"Preference Weights",

[o, 11,
lambda v:

str(int(v)),

"Natural Scenery Preference",
"Preference Weights",

(o, 11,
lambda v:

str(int(v)),

"Commercial Preference",

"Preference Weights",

[o, 11,
lambda v:

str(int(v)),

"Total Budget (CNY)",
"Constraint Parameters",

list (range (100,

lambda v:

2001,
£UCNY{v}",

100)),

"Max Continuous Activity T_con",
"Constraint Parameters",

[30, 60,
lambda v:

prefs,
T0=800.0,
restarts=30,

90,

120, 150,

180, 210,

f"{int (v) }min",

day_cfg,

seed=None,

budget ,

transport="public",
T_min=0.5,

0.95,

240,

alpha=
plot=True):

0.981,

270,

must_visit,

3007,

excluded,

vtype="adult",

0.93, L=40,

across a sweep of one parameter dimension.

BT

"sweep": [..

.]’ "

shadow" :

if dimension not in SENSITIVITY_DIMENSIONS:

raise ValueError (f"Unknown dimension

dim_info
values
fmt
sweep

f"Valid:

SENSITIVITY_DIMENSIONS [dimension]
dim_info["values"]
dim_info["fmt"]

[]
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verbose=True,



910 base_seed = seed if seed is not None else random.randint (0, 10%*9)
911

912 def _run(bgt, pf, sa_TO, sa_alpha, sa_L):

913 return solve_sa_ri(day_cfg=day_cfg, budget=bgt,

914 must_visit=must_visit, excluded=excluded,

915 prefs=pf, transport=transport, vtype=vtype,

916 TO=sa_TO, T_min=T_min, alpha=sa_alpha, L=sa_L,

917 verbose=False, restarts=restarts, seed=base_seed)

918

919 if verbose:

920 hr("=")

921 print (f" Sensitivity Analysis - Dimension: {dim_info[’label’]} ({dim_infol[’
group’]1})")

922 hr("=")

923 print (f" {’Param’:<12} {’Z’:>8} {’Cost’:>8} {’#Att’:>6}")

924 hr("-", 44)

925

926 for v in values:

927 sweep_budget = budget

928 sweep_prefs = dict(prefs)

929 sweep_TO = TO

930 sweep_alpha = alpha

931 sweep_L =

932

933 if dimension == "sa_TO": sweep_TO = v

934 elif dimension == "sa_alpha": sweep_alpha = v

935 elif dimension == "sa_ L": sweep_L = int(v)

936 elif dimension == "budget": sweep_budget = float (v)

937 elif dimension "t_con": sweep_prefs["t_con"] = float(v)

938 elif dimension in {"weight_w2", "weight_w3", "weight_w4"}:

939 sweep_prefs[dimension[7:]1] = int(v)

940

941 r = _run(sweep_budget, sweep_prefs, sweep_TO, sweep_alpha, sweep_L)

942 n = len(r.get("visitedAttractions", []))

943 pt = {"param": v if v != float("inf") else 99999,

944 "label": fmt(v), "Z": r["objectiveValue"],

945 "totalCost": r["totalCost"], "n": n}

946 sweep.append (pt)

947

948 if verbose:

949 print (£" {fmt(v):<12} {r[’objectiveValue’]:>8.4f} "

950 f"CNY{r[’totalCost’]:>6} {n:>6}")

951

952 # Shadow price: central finite difference at midpoint

953 mid = len(sweep) // 2

954 shadow = 0.0

955 if len(sweep) >= 3:

956 lo = sweep[max (0, mid - 1)]

957 hi = sweep[min(len(sweep) - 1, mid + 1)]

958 denom = hi["param"] - lo["param"]

959 if denom != 0:

960 shadow = round((hi["Z"] - 1o["Z"]) / denom, 4)

961

962 if verbose:

963 hr("-", 44)

964 print (f" Midpoint shadow price dZ/d_param = {shadow:+.4f}")

965 if shadow > O:

966 print (£" -> Increasing ’{dim_info[’label’]}’ improves Z")

967 elif shadow < 0:

968 print (£" -> Increasing ’{dim_info[’label’]}’ reduces Z")

969 else:

970 print (£" -> This parameter has negligible effect on Z under current config")

971 hr ("=")

972

973 z_vals = [pt["Z"] for pt in sweep]

974 Z_min = min(z_vals); z_max = max(z_vals)
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def

def

def

def

z_range = z_max - z_min if z_max !=

bar_w = 30

print (£"\n Z Sensitivity Curve (Y-axis:
hr("-", 56)

for pt in sweep:

bar_len = int ((pt["Z"]

bar = "#" * bar_len

print (£" {fmt(pt[’param’]):>10}
hr("-", 56)
if plot:

try:

import matplotlib.pyplot as plt

xs = [pt["param"] for pt in sweepl]
ys = [pt["z"] for pt in sweepl]
fig, ax = plt.subplots(figsize=(7,
ax.plot(xs, ys, "o-", color="#4f46e5",

ax.set_xlabel(dim_info["label"],

ax.set_ylabel("Z (Objective Value)
ax.
seed={base_seedl})
.axhline (y=ys[len(ys)//2],
label="Midpoint Z")
grid(True, alpha=0.3)
legend (fontsize=9)
plt.tight_layout ()
plt.show ()
except ImportError:
print ("

restarts/pt,
ax

ax.
ax.

return {"dimension": dimension, "sweep":

hr (char="-", width=64):
print (char * width)

section(title):

print () ; hr("="); print(£f" {titlel}"); hr("=")
default=None) :

hint = f" [{default}]"
val input (£" {msgl}{hintl}: ").strip()

return val if val else (str(default)

prompt (msg,

prompt_float (msg, lo, hi, default):
while True:

rav = prompt(msg, default)
try:

v = float (raw)
if lo <=

print (£"

v <= hi: return v

except ValueError:

print (" Please enter a number")
prompt_int (msg, lo, hi, default):
while True:
raw = prompt(msg, default)
try:
v = int(raw)
if lo <= v <= hi: return v
print (£"

except ValueError:

print (" Please enter an integer")
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z,

{bar:<{bar_wl}}

z_min else 1

X-axis: {dim_info[’label’]})")

- z_min) / z_range * bar_w)

{pt[’2°1:.4£}")

4))

n
3

set_title(f"Sensitivity Analysis - {dim_info[’label’]}

"
s>

color="gray",

(matplotlib not installed,

sweep,

if default is not None else

if default is not None else

linewidth=2, markersize=6)

fontsize=12)

fontsize=12)
({restarts}
fontsize=13)

linestyle="--", alpha=0.5,

skipping chart)")

"shadow": shadow}

||u)

Please enter a value between {lo} and {hil}")

Please enter an integer between {lo} and {hil}")



1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082

1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102

def

choose_from(options, title, default_key):
print(£"\n {titlel}"); hr("-", 48)
for k, v in options.items():

marker = " <- default" if k == default_key else ""
label = v[1] if len(v) > 1 else v[O]

desc = f" - {v[2]}" if len(v) > 2 else ""

print (£" {k}. {label}{desc}{marker}")

hr("-", 48)
while True:
choice = prompt("Select number", default_key)
if choice in options: return options[choice]
print (f" Please enter one of: {’/’.join(options.keys())}")

VISITOR_TYPES = {

"1": ("adult", "Adult"),

"2": ("student", "Student (undergraduate and below)"),
"3n. ("child", "Child (6-18 years old)"),

"4": ("senior", "Senior (60-69 years old)"),

TRANSPORT_TYPES = {

def

"{1": ("public", "Public Transport (default)"),
nnr: ("taxi", "Taxi / Private Car"),

run_interactive () :
print (); hr("=")

print (" SMMC-SA - Score-Maximizing Multi-Constraint Simulated Annealing")
print (" Suzhou One-Day Tour Route Optimization (Interactive CLI)")
hr("=")

section("Step 1 - Trip Basic Settings")

start_time = prompt ("Departure time (HH:MM)", "09:00")

end_time = prompt("Latest return time (HH:MM)", "21:00")

vt_entry = choose_from (VISITOR_TYPES, "Visitor type (affects ticket prices)",
visitor_type = vt_entry[0]

budget = prompt_float("Total budget (CNY, tickets + transport)", 50, 5000,
transport = "public"

day_cfg = {"startTime": start_time, "endTime": end_timel}

section("Step 2 - Attraction Selection")

||1ll)

300)

print (" The algorithm will automatically select the optimal combination from the 17

attractions below.\n")
for i, a in enumerate (SUZHOU_ATTRACTIONS, 1):
tcost = al["ticket"].get(visitor_type, al["ticket"]["adult"])
tc_str = "Free" if tcost == 0 else f"CNY{tcost}"
print (£" {i:2}. {al’name’]:<30} [{al’type’]l:<12}] "
f"score:{al[’score’]} {al’baseTime’]l}min {tc_str} "
f"{al’openTime’]}-{al’closeTime’]1}")
hr("-")

def parse_ids(raw):
ids = set ()
for tok in raw.split():
try:
n = int (tok)
if 1 <= n <= 1en(SUZHOU_ATTRACTIONS):
ids.add (SUZHOU_ATTRACTIONS[n - 1]["id"1)
except ValueError:
pass
return ids

must_ids = parse_ids (prompt ("Mandatory attraction numbers (space-separated,
blank=none)", ""))
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1103 excl_ids = parse_ids (prompt("Excluded attraction numbers (space-separated, leave blank

=none)", "")) - must_ids

1104

1105 if must_ids:

1106 print (f" Mandatory: {’, ’.join(al’name’] for a in SUZHOU_ATTRACTIONS if al[’id’]

in must_ids)}")
1107 if excl_ids:
1108 print (£" Excluded: {’, ’.join(al[’name’] for a in SUZHOU_ATTRACTIONS if al[’id’]
in excl_ids)}")

1109 if not must_ids and not excl_ids:

1110 print (" No special restrictions, algorithm selects freely")

1111

1112 section("Step 3 - Type Preferences (0/1)")

1113 print (" Enter 1 to prefer that type of attraction, O for no preference.\n")

1114 w2 = prompt_int ("Humanistic/historical preference w2", 0, 1, 0)

1115 w3 = prompt_int ("Natural scenery preference w3", 0, 1, 0)

1116 w4 = prompt_int("Commercial/leisure preference w4", 0, 1, 0)

1117

1118 section("Step 4 - Stamina Constraint C8")

1119 print (" T_con: Maximum continuous activity duration (min, 30-300), rest is inserted
after exceeding this")

1120 print(" T_rest: Mandatory rest duration (min)\n")

1121 t_con = prompt_float("T_con max continuous activity (30-300 min)", 30, 300, 100)

1122 t_rest = prompt_float("T_rest mandatory rest duration", 5, 60, 20)

1123

1124 prefs = "w2": w2, "w3": w3, "w4": w4, "t_con": t_con, "t_rest'": t_rest}

1125

1126 section("Step 4.5 - Random Seed")

1127 print (" Setting a seed makes all 30-restart results fully reproducible.")

1128 print (" Leave blank for random (non-reproducible).\n")

1129 seed_raw = prompt("Random seed (integer, blank=random)", "")

1130 run_seed = int(seed_raw) if seed_raw.strip().isdigit() else None

1131 if run_seed is not None:

1132 print (f" Seed set = {run_seed} (results are reproducible)")

1133 else:

1134 print (" Random seed (results may vary each run)")

1135

1136 section("Step 5 - SA Hyperparameters (press Enter to use defaults)")

1137 print (£" {’Parameter’:<30} {’Default’:>6} Description"); hr("-", 60)

1138 print (£" {’TO Initial temperature’:<30} {’800.0’:>6} Higher = more likely to
accept worse solutions")

1139 print(£" {’T_min Stopping temperature’:<30} {’0.5’:>6} Stop annealing below this
value")

1140 print (f" {’alpha Cooling coefficient’:<30} {’0.93’:>6} Temperature *= alpha each
round")

1141 print (£" {’L Inner-loop steps’:<30} {’40°’:>6} Markov chain length")

1142 hr("-", 60)

1143 TO = prompt_float("TO Initial temperature", 10, 5000, 800.0)

1144 T_min = prompt_float("T_min Stopping temperature", 0.01, 100, 0.5)

1145 alpha = prompt_float("alpha Cooling coefficient", 0.5, 0.999, 0.93)

1146 L = prompt_int ("L Inner-loop steps", 5, 500, 40)

1147

1148 print (£"\n {’-’>%62}")

1149 print (" Configuration summary:")

1150 print (£" Time: {start_time} - {end_timel}")

1151 print (£" Visitor: {visitor_type} | Budget: CNY{budget} | Transport: {transportl}
")

1152 print (£" humanistic={w2} natural={w3} commercial={w4dl}")

1153 print (£" T_con={int(t_con)}min T_rest={t_rest}min")

1154 print (£" Mandatory: {len(must_ids)} | Excluded: {len(excl_ids)}")

1155 print (£" SA: TO={TO0} T_min={T_min} alpha={alpha} L={L}")

1156 print (£" {’>-’>%62}")

1157

1158 confirm = prompt("Confirm run? (y/mn)", "y")

1159 if confirm.lower () not in ("y", "yes", ""):

1160 print (" Cancelled."); return
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if

__name__ ==

result = solve_sa_ri(

day_cfg=day_cfg,

must_visit=list (must_ids),

budget=budget,

prefs=prefs, transport=transport,
TO=TO, T_min=T_min, alpha=alpha, L

seed=run_seed)

print("\n Done!")

section("Step 6 - Sensitivity Analysis

groups = {}

excluded=1list (excl_ids),

vtype=visitor_type,

=L,

(optional)")

verbose=True,

for did, dinfo in SENSITIVITY_DIMENSIONS.items():

groups.setdefault (dinfo["group"],

idx =1
dim_map = {}

for gname, dims in groups.items():

print (£f" -- {gname} --")

for did, dinfo in dims:
idx}. {dinfo[’label’]}")
dim_map [str(idx)] = did

print (£"

idx += 1

{

print (" 0. Skip");

while True:
choices_raw

hr(“—", 48)

[1) .append ((did, dinfo))

prompt ("Select dimension numbers to analyse (space-separated, 0=

skip)", "0")
tokens = choices_raw.split ()
if tokems == ["0"]:
print (" Sensitivity analysis skipped.");

selected_dims

break

[dim_map[t] for t in tokemns if t in dim_map]

if not selected_dims:

continue

use_same =
sweep_TO =

sweep_TO

prompt ("Use same SA hyperparameters as above? (y/n)", "y")
TO;
if use_same.lower () not in ("y", "

sweep_alpha

sweep_L
print ()

sweep_alpha =

prompt_float ("TO
prompt_float ("al
prompt_int ("L"

for dim in selected_dims:

sensitivity_analysis(

dimension=dim,

must_visit=1list (must_ids),

prefs=prefs,

TO=sweep_TO, T_min=T_min,
verbose=True, restarts=30,

alpha;
yesu’ IIH):
", 10, 5000,
pha",

» 5,

day_cfg=day_cfg,

500, L)

sweep_L = L

TO)

0.5, 0.999, alpha)

budget=budget,

excluded=1ist (excl_ids),

transport=transport,

vtype=visitor_type,

alpha=sweep_alpha, L=sweep_L,
seed=run_seed, plot=True)

if prompt("\nAnalyse other dimensions?

break

print("\n All done!")

return result

" __main

run_interactive ()
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(y/n)",

"n").lower () not in ("y",

"yeS”) :
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