IMMC 2023 Problem A (Greater China, Autumn) (English {5{& ££88)

Smart delivery of books for campus library

Background

The university has started the construction of a smart campus system. In order to facilitate teachers

and students to borrow books, and return books in a timely manner, the school library has launched

a smart module for books delivery and distribution. The smart system uses delivery robots for

receiving the returned books and distributing the borrowed books. The specifications are as follows:

1. Teachers and students in each building should put the books that need to be returned to library
at the depository in the door foyer of the building, and report their borrowing needs (see
Table 2). The book depository of each building is only allowed to store the returned or
borrowed books of the building teachers or students reside;

2. The existing delivery robots A and B respectively set off from the charging station (no
books were loaded before departure), arrive at various buildings, bring the returned books
back to the library, and then set off again to collect and return books or distribute loaned
books;

3. Under this exercise scenario, each delivery robot acts independently; it is not required to
consider the time spent in collecting books from the building depository for each robot,
either exchanging books when the two robots encounter on the way;

4. After completing the tasks ordered by the library, the delivery robots must return to their
respective starting stations for recharging.

The location of each building and actual distance of each road are shown in Figure 1 and Table 2,

respectively. Each delivery robot can load up to 10 books. The average driving speed of delivery
robot A is 8 km/h, and the average driving speed of robot B is 10 km/h.

Tasks

Considering only the situation of returning books without borrowing, the delivery robots start
from the charging station respectively. Please establish a suitable mathematical model so that
the delivery robots can complete the task of returning the book in the shortest time, and finally
return to the initial station. Please illustrate the specific route and total riding time for each
delivery robot.

If the situation of returning books and borrowing books in Table 1 is comprehensively
considered, the delivery robots still start from their respective charging stations and can load
the books for borrowing after arriving at the library. During the driving process, you can
choose to collect the returned books while distributing the borrowed books. Please establish a
suitable mathematical model to guide the delivery robots to complete the tasks of collecting
returned books and distributing borrowed books in an optimal way, and finally return to the
initial stations. Please illustrate the specific route and total riding time for each delivery robot.
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Please compare the models of the two tasks, and analyze the similarities and differences
between the two models and their advantages and disadvantages.
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Figure 1. Building locations and traffic roads on campus.

Submission

Your team's solution paper should include a 1-page Summary Sheet. The body cannot exceed 20
pages for a maximum of 21 pages with the Summary Sheet inclusive. The appendices and references
should appear at the end of the paper and do not count towards the 21 pages limit.



Table 1. Borrow and return book requests in each building

Return Borrow Return Borrow
Building Name Building Name
Books Books Books Books
Simei Building 3 0 Songcui Building 4 0
Fanglin Building 4 1 Zhuhua Building 2 3
Lingyun Building 2 0 Lvzhu Building 5 0
Yuanshan Building 5 2 Chenbi Building 6 0
Chongxiao Building 6 0 Yawang Building 5 2
Beichen Building 6 2 Chaohui Building 3 0
Mijin Building 5 0 Liudan Building 8 0
Yingxue Building 2 0 Juncai Building 3 0
Gaojie Building 4 0 Tinglan Building 6 2
Nanming Building 3 1 Lanting Building 2 0
Changzhou Building 6 0 Yuqing Building 3 0
Qiushui Building 4 3 Xingyao Building 4 0
Linchuan Building 3 0 Wangian Building 2 2
Jingming Building 6 0 Dongyu Building 1 0
Qingfeng Building 2 0 Changfeng Building 5 0
Haoyue Building 7 2




Table 2. Distances of campus roads

Road Name Distance Road Name Distance Road Name Distance
(km) (km) (km)
Kunlun Road 0.6 Yunnan Road 1.0 Jiangxi Road 0.8
Emei Road 0.3 Guizhou Road 0.6 Guangdong Road 0.6
. North Hengshan
Shaanxi Road 1.1 0.4 Hong Kong Road 0.4
Road
Shushan Road 0.5 Wutai Road 1.1 Longhu Road 0.3
Qingcheng Road 0.8 Shanxi Road 2.2 Taishan Road 1.1
Xinjiang Road 0.7 Huangshan Road 0.7 Shandong Road 2.1
Gansu Road 0.6 Huarong Road 1.0 Wuyi Road 0.8
Qinghai Road 1.5 Jilin Road 0.5 Lingnan Road 1.1
Ningxia Road 1.7 Hebei Road 0.7 Heilongjiang Road 0.5
Sichuan Road 2.0 Henan Road 1.0 Beijing Road 0.9
Xizang Road 0.7 Anhui Road 0.4 Shanghai Road 0.8
Dunhuang Road 0.5 Guangxi Road 0.5 Zhejiang Road 0.7
Lishan Road 1.2 Macao Road 0.6 Fujian Road 0.5
Huashan Road 1.8 Wudang Road 0.9 Taiwan Road 0.3
South Hengshan .
0.8 Songhan Road 0.4 Qiyun Road 0.4
Road
Waulin Road 1.0 Lushan Road 0.5 Tianzhu Road 0.9
Inner Mongolia
0.7 Sun Yat-sen Road 0.6 Yandang Road 1.4
Road
Hubei Road 1.1 Liaoning Road 1.1 Putuo Road 0.6
Hunan Road 1.3 Tianjin Road 0.6 Zhongnan Road 0.5
Chongqing Road 0.7 Jiangsu Road 0.3
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