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(a) KB A E1TE x NEEHE , YA KREIXE B KB, K B KE—HBEK 2w -
2ux 8. (MBTE 2w — 2ux > w 281 , IR TS WIIREN, EAR x < w/u). FBEEB [E
BB LTE (2w - 2ux)/u = 2w/u - 2x NB | FREABKIE AT BURETE X + 2w/u — 2x = 2w/u -
x nBE, TREERATUAUTERERER :

Max 2w/u — X
Subject to 2w — 2ux < w
X <w/u

ARMERETURISZERS  x=w/(Qu) , REEFRESR 1.5wu B

(b) FEABBETEx NEREE 6 KKkF2EBMC, BMC XITEYy NERBER , &
KB C, BEE
Max 3w/u—-2x -y
Subject to 0 <3w - 3xu < 2w
0<3w—-3xu—-2uy<w
ARMFAETUBSIREMRS  x=w/(3u),y=w/(2u) , XEBZES 11w/(6u)
(c) BB LARREE , TUFRE n ABRMAEF , E—UKEEZE w(nu) NERERHRF , E5F
TH n-1 BEKEEK (n-)we ER , n ABKEERZLE n-1 ABKEZE w/(n x u) 28 | FF
Bin ABXERIBAFE (1 +1/2+1/3+ ... +1/n) x (Wu)o BFEB1+....+1n=23,n KD
FEM, (1+..+110=2.929,1+...+1/11=3.02),
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jto ﬁﬁl’;{ y igWﬂEEith’gla%%%o

(b) BwBANMEBEEZSE, U WERBRF® : () w BRANWEZLEER , AeEAR
HREREREVER. (i) w BUHREZLEHR , AENREREREREHER,
B Jo LB B BE B A Ko

() B wHRAN=BEZSE, 2MISAWE—TREHLEHER  BEAMBNKEHLER
b/ B KB F AT AER S AMARRFESEK , BE-SRAAD)NER , REERITES
E, B, E-BAREELB=P T,
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The 1st Interschool Competition on System Modeling &
Optimization (COSMOQO’06)

A cross-country hiking competition will be held. The competition is divided into several categories
according to the team size (e.g., single-person, two-person, three-person, etc.). Every team will carry a
team flag and travel along a defined route. The goal is to carry the flag and travel the longest distance
from the starting point. The farthest team will win the competition. Every team member will not only
bring along the necessary cross-country hiking equipment, but also the necessary drinking water.
Every member may have different water carrying capability. During the course of the competition,
there will not be any supply of additional drinking water. However, members from the same team can
share drinking water. When all drinking water in a team is exhausted, the team must stop going
further and the traveled distance is measured up to that point. In addition, a team can arrange any
member to leave the team at any time and transfer his/her remaining drinking water to other team
members still in the team. The organizer will pick up the left member and hence he/she will not
consume drinking water of the team anymore.

Question 1:

Due to the toughness of the competition, participants cannot pre-estimate the exact drinking water
consumption during the course of competition. However, it is generally known that a strong member
can carry more drinking water but the water consumption rate is also higher. In order to get a better
understanding of this, the organizer has conducted a test by randomly choosing 10 people to try the
hiking route and make measurement of their water carrying capacity and drinking water consumption
rate for reference of the participants. The test results are listed as follows.

Max Water Carrying Capacity (L) 5 6 | 45|55 4 7 6.5 8 5 6
Avg. Water Consumption Rate ( L/km) 06106|05]06|05]06]|055]07]0.55] 0.65

Please try to find out a rough relationship between maximum water carrying capacity and water
consumption rate.

Question 2:

You have a group of friends each with approximately the same water carrying capacity (the difference
can be assumed to be negligible) and you are planning to form a team to participate in the competition.
When you form the team, how should the members cooperate in drinking water arrangement in order
to travel the farthest for the team in the two-person category and the three-person category? If we
want to carry the flag a distance three-time that of a single-person team can travel, at least how many
members are needed in such team?

Question 3:

The athletic team of your school asks you to form a team from the 10 members to participate this
cross-country hiking competition. After some tests, the measured maximum water carrying capacities
of the 10 athletic team members are given below.

Athletic Team Member No. 1 2 3 4 5 6 7 8 9 |10
Water Carrying Capacity (liter) 5 5 551 55 6 6 6 6 7175

In the two-person category and three-person category respectively, please recommend how to select
members and arrange their cooperation in the competition in order to travel the farthest.

Please write a report to elaborate your recommendations.
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Answer 1
Using linear regression:
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Answer 2

Assume the maximum water carrying capacity of each participant is w liter and the average water

consumption rate is u liter/km.

(a) After member A has traveled x km, he leaves and transfers his remaining water to member B.
Now, member B has 2w — 2ux liter drinking water. (They will not do it when 2w — 2ux > w, and
certainly x < w/u). In this way, member B can travel (2w — 2ux)/u = 2w/u — 2x km more, and thus
the team flag can reach x + 2w/u — 2x = 2w/u — x km. We can formulate the following model:

Max 2w/u —x
Subject to 2w —2ux <w
X <w/u

By linear regression, the optimal solution we get is: x = w/(2u), with 1.5w/u km.

(b) After member A has traveled x km, he leaves and equally transfers his water to members B and C.
B and C then continue to travel y km, after that, B leaves and transfers all his water to C. The
model can be formulated as follow:

Max 3whh—2x -y
Subject to 0<3w-3xu<2w
0<3w-—-3xu—-2uy<w
By linear regression, optimal solution: x = w/(3u), y = w/(2u), and the optimal value: 11w/(6u).

(c) From the above solutions, we can infer that in a team of n members, the first member should leave
at w/(nxu) km, the remaining (n-1) members will then carry (n-1)w liter water. In this way, a team
with n members should be able to travel w/(nxu) km more than a team with (n-1) members,
therefore a n-member team can travel (1 + 1/2 + 1/3 +...+ 1/n)w/u. To make 1 +...+ 1/n >3, n
should at least be 11. (1 +... +1/10=2.929, 1 + ... + 1/11 =3.02)

Answer 3

(a) Obviously, we should recommend studetents with the largest w;/u; to participate this competition.
According to the linear regression in question 1, students with larger water carrying capacity
would have larger wi/u; ratio. Thus, we should recommend students with the largest w; to
participate in the competition.

(b) We should recommend two students with the largest w;. This recommendation would lead to two
scenarios: (i) The student with larger w; leaves first, then determine the distance trvael by the
above linear programming. (ii) The student with smaller w; leaves first, then derermine the
distance trvael by the above linear programming. Choose the scenario with the longer distance
travel.

(c) We should recommend three students with the largest w;. Te deal with this problem, we need to
divide the problem into 2 steps. In the first step, determine which student should leave first, so
that at the time when he leaves, his remaining water is equal to the sum of the maximum water
carrying capacity of the other two students. In the second step, using the result of (b), determine
the distance travel. Therefore, we need to consider three scenarios of this problem.
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