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Solution for Question 1: 1-2: path 1-2, total time: 4
1-3: path 1-2-4-3, total time: 12
1-4: path 1-2-4, total time: 10
1-5: path 1-2-5, total time: 9
1-6: path: 1-2-4-3-5-6, total time: 18
Solution for Question 2: See the excel file. Maximum value 1s 92.
Solution for Question 3:

We can formulate the problem as a minimum flow problem.

First, calculate the shortest paths between each stadium to decide the travel time from one to
another.

Second, sort the events in an ascending order of beginning time:

In this question, the order 1s as follows:

R ok Rk EEK (FSR)

Third, construct a network shown in the following. The network contains a node for each event
and an arc from node 1 to node j if it is possible that a reporter finish the whole event 1 and then

travel to the stadium where event j is on and start reporting event .

In the problem, the network 1s



~_
G

Fourth > transform this problem to the framework of the maximum flow problem as follows.
Split each node i into twonodes i’ andi = and add thearc G© ,1 ~ ). Set the lower bound
oneacharc i ,i ~ )tobe 1 so that for each event at least 1 reporter cover the event.

EEEd -

Fifth, the maximum flow is 2. That is the answer.
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1. fERmHER, AEMSAKTHERE, ZerrKE R,
o fRUNTHAINEZR 50, 000, FFEKIEAEMATE a

If a>50,000, the amount of water exceeds the demands. Incurs recycle costs
If 45,000<a<50,000, the cost will be

(50,000-a) X 80% X 2 + (a-45,000) X 10% X 0.5+ (a-40,000) X 10% X 0.5
If 40,000<a<45,000, the cost will be
(50,000-a) X 80% X 2 + (45,000-a) X 10% X 0.5+ (a-40,000) X 10% X 0.5
If a<40,000, the amount of water cannot satisfy the demand. Incurs order cost.
The optimal a should be 50,000. The corresponding cost is 750 yuan.

o fBtmnTHZINEA 20, 000:

If a>20,000, the amount of water exceeds the demands. Incurs recycle costs
If 18,000<a<20,000, the cost will be

(20,000-a) X 80% X 2 + (a-18,000) X 10% X 0.5+ (a-16,000) X 10% X 0.5
If 16,000<a<18,000, the cost will be
(20,000-a) X 80% X 2 + (18,000-a) X 10% X 0.5+ (a-16,000) X 10% X 0.5
If a<16,000, the amount of water cannot satisfy the demand. Incurs order cost.
The optimal a should be 20,000. The corresponding cost is 300 yuan.

o fRUNTHZIANEA 8, 000:

If a>8,000, the amount of water exceeds the demands. Incurs recycle costs
If 7,200<a<8,000, the cost will be

(8,000-a) X 80% X 2 + (a-7,200) X 10% X 0.5+ (a-6,400) X 10% X 0.5
If 6,400<a<7,200, the cost will be

(8,000-a) X 80% X 2 + (7,200-a) X 10% X 0.5+ (a-6,400) X 10% X 0.5



If a<6,400, the amount of water cannot satisfy the demand. Incurs order cost.

The optimal a should be 8,000. The corresponding cost is 120 yuan.

2. TEEEFEEL, ANTHAYNEUL, JEE LRI S AR ISOKEZ R part 144
A THEL

3. (R —PEEL, REVEAERATHEL b:
If 20,000<b<50,000, the cost will be
b+ (50,000-b) X 1.4 X 33.3% + (b-20,000) X 33.3% X 0.5 + (b-8,000) X 33.3% X 0.5
If 8,000<a<20,000, the cost will be
3;(50,000-b) X 33.3% X 1.4 + (20,000-b)X 33.3% X 0.5 + (b-8,000) X 33.3% X

The optimal b should be 50,000.

MfE B,
%7 open-ended.

i B R e SR 42 P e ) KB B N B B T AR T o R AT DAAR B SR 5 RO A R
JEAR B SR R AU e BB R R B

14



FNERE LG EE BB/ LBEEE The 6th Interschool

Competition on System Modeling & Optimization (COSMO)

30 April 2011

" H

AR Nl 2R E BT AR & & SRS IR 20 - IR F AR E /ST - 15N
g 2R T HYEE S H A B 7SS - & 2004 £EHY 3600 ASTTE] 2005 £y 8800
A > 2008 FEUEIE 2 35000 % A o ffT BT > 2010 4 FERAEHAAY 8.8 E{EER -
4.1 ERENHL > PETHEEI—F o BRI hH At E RO E RN 228 - &L
BUFHEST BB PR B - AL BB A F 2 W& RACE & TRITHEY S - (EERAE
BT BENLIIBRERBEER - WEFE L AT - ohER ST - FRERA
THEMRFS > RAE EARR T8RS s 2Ry - [1]12]

FEFRREFUE IR AL F5 T > AR THEBES T F N B HER AR EE - AR L ER A RE
A - EEZERAY IR M E R BHEAVUE RN » R FEZTHERE FBEBEBRAIEEX
Ko AFZHHRTAR A EERYEE S P RE R AT > T B b G IR Ry A S 2 PR i E S 2 2
HUG AR -

FES E i A 2R AR R ] — RS DA - & e Ui T I f A R PRI [ 8 o Y o P B — (8 2
AYPRAL » AR EAAFRVTRE > &P Al DUETZRIALY » FALILBEEERA IR 50 (E > 25
RIS > B&FE R E P UCEI4EAE HK$70,000 HIRREE (RIEFTAMMRIER) - Bk
EER—HEREERI S fy HK$500,000 » B8 e Ryfp— i EAE TRV AERAR A B ZE BN R PRAL E A4S
A RE AERYEE ST At HK$5,000 HYMEE £:[3] -

IRAE BB R 2 Ry EE M EUE M FERY THAVE H DLZ R E R BRI - RHEEEHE - (7]
DAL Bk
1. BhEE (HHEE RN —Z220H) REAEZHEY  SUEFER—E
IRAL > FEERRALGET - BEBEa8 R P A RALED AT DA e
2. BEBEAREZEER AL EEREZTRGIZFH -
3. THVHA - &P alAE L] A LSt b - [EfR R R a8 i — BRI ROH -
4. FrATRLIZE FIELH— - IIRER i SR IHR ZH R L E B IFTA R ALE 484
e
5. FTAERAETAIR HELN e A E - IEA e -

R 1. PERTESIMERA 10%M S 2 B BAURT AR R - 20%HYf%2 1A 90%HY A
REFAJELIRIZK > 30%HYIER AT 80%HITHAIEER AEHIELIAIZ > 40%HYRER A T0%HIZELR

15



RESTIRLIRIAK - BRAERR A URE T % - FIBGHER TRy 60, 70, 80, 90 - Wi—Hf /7 K AEH4S
BT AR AR ©

ERE 2. e TRRVE P RE BRI ERIVER Ty p > FElw Z FRE B IR LS
MNEZAEFRGIRI B 2 M tH A IB1LRY - sFEFon B b E R ER PEUes -

HIRE 3. SRR TS R R B T TR R - 965 AR T AR -
BNy T (RIESHEEER - RO BT B A i \BCRBERR | - S Al e stts
% o QIR A LTI BRI - BRI AR AR | GV 90%
B > BB L5 B B U IR R TR - (R T - S L
UGBTI -

[11Eb AL T E=E

http://www.daifumd.com/ daifumd/dochome/html/810/articles/article 167276.html
[2) s EE A e N 254 7% T-2H] http://hm.people.com.cn/GB/14363834.html
[3]5 kB [5e /1 28 BE e 4k http://www.852.com/hospital/hospitals.htm
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1. ATEE NS 2 60 A
a) % 60 A#
s(60) = 50 * 70,000 — 500,000 — (60-50) * 5,000 = 2950,000
b) i 54 NGEF)
s(54) = 50 * 70,000 — 500,000 — (54-50) * 5,000 = 2980,000
c) A 48 ANfeF|
s(48) = 48 * 70,000 — 500,000 = 2860,000
d) tn i 42 A\ REF)
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SR R A
S(60) = 0.1*s(60) + 0.2*s(54) + 0.3*s(48) + 0.4*s(42) = 2725,000
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WU TRRIBUE 2 70 IF, 5% BB RLE 15 i U S .
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m-n-1

max S(m)=qgmg-r—(g+b) Z(m_k_n)pk

subject to
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Pj(m): Zpk <=90%

k=0
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Question 1 & 2
(Question 1 and 2 can use the same method, but Question 1 requires a specific answer.)

Objective Function:
Minimization of room charges

Constraints:

I. Each class must be assigned to a classroom

I1. No two classes should occupy the same classroom as the same time

I11. The number of students cannot exceed the classroom capacity

IV. For two-hour-classes, the first hour cannot be assigned to the last timeslot of the day

Solution:

I. Sort all classrooms by capacity for each timeslot
I1. Sort classes by enrollment.

Do the assignment observing all the constraints.

Question 3

Student answer varies
Class will be split into two classes. You may split it evenly or unevenly. Discuss for each case.
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Solutions:

1.

Since the revenue of next quarter is known, the company minimizes the production cost. The unit

cost for producing in house is $2.25, while the unit cost for outsourcing is $2.95. Therefore the

optimal strategy will first use up the current capacity and the remaining amount will be outsourced.
The number of units assigned to A, B and C is 4000, 4000, 6666 respectively, and the amount

outsourced equals to 18000-4000-4000-6666=3334.

Let X,, X5, Xc and X, be the number of units assigned to department A, B, C and outsourced.
Then the problem can be formulated mathematically as follows:

Maximize 3.5*2 P, min(d;, X, + Xg +Xc +X5) —2.25% (X, + X5 +X:) —2.9% X,
i=1

Subject to
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0.1x, <400
0.1x; <400
0.06x; <400
Xpr Xgy Xes Xo =0

This problem can be directly solved by the excel solver. Alternatively it can be solved using
linear programming (LP): Solve n-1 sub-problems by constraining X,+Xg +X; +X, tO

[d,,d.],...,(d,;,d.]. Each sub-problem is an LP, which can be solved by the excel solver. Then

compare the optimal solutions of all the sub-problems. The final solution is the one that achieves
the maximum expected profit.

For the numerical example, the optimal solution is x, =4000, x; = 4000, X, = 6666, x, =5334.
The maximum expected profit is $18733.

3. Let X,, Xz, X. be the number of units assigned to department A, B, C. If they are greater

than the current capacity, it means more capacity needs to be added. The problem
formulation now becomes:

Maximize

N
3_5*2 p, min(d,, X, + Xg + X; ) —2.25*(min(X,, 4000) + min(Xg, 4000) + min(X. , 6666))
i=1

—3.375* (max(x, —4000, 0) + max(x, — 4000, 0) + max(x. — 6666, 0))

Subject to
0.1x, <600

0.1x; <600
0.06x; <600
Xps Xgy X =0

The idea of solution is the same as part 2.
Remark: The formulation in part 2 and 3 is not unique. Any reasonable solutions are acceptable.
4. This is an open question. Students can discuss the advantages/disadvantages of completely

insourcing from various perspectives, like its effect on profit, workers, etc. The effect on profit can
be figured out by comparing part 2 and 3.

23



EEYINEE LR FRSRE - s 3

The 9th Interschool Competition on System Modeling
& Optimization (COSMO)

2014 SE Iy CAREAT . AU BRIRAEIE THER S A8 iE T 5 b A ) R R
H,

B—E

PRAE 22— I8 R 458 (0 B P AL B 5 R A 2 M NI EE B . SR P n SORRER, Hin &2
—(AEE BRI TR T IR A R (M F 58T H— R i
Z A A =, SR EGR n=8, I HLArA HUEAE 15 RN EAT . st E b & i B
RER AL AT A SRR LU Z IR B AR B RBOE ZAZ — . TR SCREARELE )
—RIEEM ML L.

Er WRSEREAEE -, =, T, N, L, 2, FIREEE, BB R HA R
KPR SR B 1+41+0+2+2+1=7,
P&

R B L B I R d b, A NN, B PE M SCERER . IRIAE & B 2 H T

AR LEER . B RO AEAE D RNFE SRR AT, BRI RE Hig LK

G R SCERBRANREAE [ R ELBE MR S PA b o JRAP R R AR B — S BRI B 2

NHILEERERE LEE — K, BB /NMET BRI A LU R . T 5 R AR A ARk B — il L 3%

) FURE 2 HE 8 45 B SCERBRAE FL B 22 A3 B AER B R ZE A 2 — Bk .

(1) PRAEFEIE P R A Bl ME AL TR . Horh — (A Bk F AR o BUB R B . AT
58 2 221 5 P A BRI b 3 2 T AR S R B 22 SRR RO I ARG CERIBR ek, B
TREZE, RALERE)

##T=NM, Dy, Dy, .. Dy BRH 3L, 3., 5 T SCEREX OB AR E KRB %%

Eﬁ%?ﬁﬁ:%iq

L AR R TR Ak 2 B2 R, T

T % =2 Y |D, - D)

A2 ARTTUI % (R TTIr %) AZIBERYE, R T
b 14 =

ﬁ?ﬁ :?E(DI - D)

A i/ MU ZESE . 22 RS 0 Ry, Ay BRISE B3R 2 [l IO AEAR R R B0 — 1K
o

24



arR R 2 HE AL i — B AL PR . AEAR B SR P aE WIS tH IR SRS R, HARR
8L UL SR N L R E HRE 2 HET,  ARAN L ZEhE E LB AR 8 5 1 58
170

(2) FEfeH —ME IR MR Z AL R . 525 P DL i g s IRAS S0 BRIk e At
[ i FF) B P 1

fern: DR AAR R BOR ARARVERY,  ARME R ARS8 S AN n] LB SR
(3) f# N=4, M=8, D=15, K=10 f, FHORMFE LI B HFE 2.

(4) BAEMRGRCH 12 (AR H5(5=12), W HEAME IR 15 R 28 5 5. £
G)REBIFIHFEH, GHfE H A LB AR R e 5 5 5817

Solution to Problem 1

The first part does not require students to formulate the problem as an optimization problem.
They can use whatever method (e.g. trial and error) to find a schedule that meets the objective.
The following provides a suggested solution by solving the corresponding optimization problem
using simulated annealing.

Formulate the problem as follows which is a nonlinear integer programming problem, using
variance as the measure of variability.

min  f(x)
st. > 1, ;<3 Vle{l2,,1415
I<i<j<8

D Looctorn,y <L VI€{12,--,14,15} i€ {1,2,-,7,8]

1<j<8

X; €{1,2,---,14,15},V(i, j)e {(m,n):1<m<n<8mne N}

X; =0,v(i,j)g{(mn):1<m<n<8mneN|
Notations:

1. The teams are labeledas 1,2,---,7,8;
2. xe N®® denotes one schedule, X; = | means that the match i-th team against J -th team is

scheduled at | -th day if | € {1, 2,---,14,15} while X; =0 means there is no match for i -th team

against | -th team;

3. Lety, (X) denote the total rest days between matches for i -th team which is completely

determined by X, so the objective function is defined as follows,

(=531 (0-7(9). 5 (=533 ()

83
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Algorithms of Problem 1
We use simulated annealing algorithm to solve this problem, the algorithm is processed as
follows,

Step 1: Generate a feasible x randomly, compute corresponding object value f (x) set the initial

temperatureto T >0;
Step 2: Randomly select a feasible solution x_,, around x, compute its corresponding object

value f (X, ). if it’s optimal enough, then stop and x,,, is what we want. Otherwise, let

otherwise replace x with X,

new ?

p:exp{f(x)_Tf (X"GW)}, if p>1,replace x with x

according to probability p.
Step3: Decrease the temperature, i.e. replace T witha T, suchthat 0<T_, <T.Then go to
step 2.

The following is a possible schedule
Day Match1 Match2 Match3

2-8 5-6

4-8

3-8

3-4 5-7 1-6
2-5 4-6

1-5 2-3

2-6 7-8

1-2 6-7

1-8 3-6 4-5
1-3 2-4 5-8
4-7
2-7 3-5 6-8
1-4
3-7
1-7

TV SR SN =N R REN (e S, R VeI SR

Total rest days during matches for each team:

. Total Rest
Team Playing Days Days
1 4,6,8,9,10,13,15 5
2 1,5,6,7,8,10,12 5
3 3,4,6,9,10,12,14 5
4 2,4,59,10,11,13 5
5 1,4,5,6,9,10,12 5
6 1,4,5,7,8,9,12 5
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4,1.8,11,12,14,15 5
1,2,3,7,9,10,12 5

(SN

Solution to Problem 2
(1) Formulate the problem as follows which is a nonlinear integer programming problem, using

variance as the measure of variability.

min g(xl,xz,---,xN)

st. D> l,,<KVle{12,D}
Ki<jsMk 0

> Ly oy SEVI€{L20 Dhie {2 M} ke L2, N

I<j<™m
xi €{1,2,--,D},Y(i,j)e{(mn):l<m<n<M,mneZ} ke{l2 N}

i =0,v(i,j)g{(mn):l<m<n<M,mneZ} ke{l2 N}
Notations:
1. Theteamsin each group are labeled as 1,2,---,M , each group is labeled as 1,2,---,N ;

2. Xl, X2,---, xN e N™M denotes one schedule, Xi? = | means that the match i-th team against j-th

team in K -th group is scheduled at | -th day if | € {1, 2,0, D} while Xi'; =0 means there is no

match for i -th team against j -th team in K -th group;

3. Let yik (X) denote the total rest days between matches for i-th team in K -th group which is

completely determined by X = (Xl, X2,---, xN ), so the objective function is defined as follows,

(0.8 X" ) = 33 (o (-7 (9) 9 (0= e 33 (4

k=1 i=1 k=1 i=1
(2) Algorithm of Problem 2

We use simulated annealing algorithm to solve this problem, the algorithm is processed as
follows,
N

Step 1: Generate a feasible set of x*,x?,---,x" randomly, compute corresponding object value
g(xl X2, xN) set the initial temperatureto T >0;

Step 2: Randomly select a feasible solution X, X% .- X", around x*,x%,---,x" | compute

new’! new? :

X2 s x“new) , if it’s optimal enough, then stop and

new’

its corresponding object value g (x

1
new?

2
new?

X o X -, xN__ is what we want. Otherwise, let
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{g
P =exp

replace x with x

(Xllxz’..-'xN)—g(XlneW,X

new

T

2 N
new"”' X new)}

according to probability p.

,if p>1, replace x with x

new ’

otherwise

Step3: Decrease the temperature, i.e. replace T witha T, suchthat 0<T,,, <T . Thengoto

step 2.

(3) The following is a possible schedule when N=4, M=8, D=15, K=10, A, B, C, D represent group label

and 1,2,3,4,5,6,7.8 represent team number.

Day Match1 Match2 Match3 Match4 MatchS Match6 Match 7 Match 8 Match 9 Match 10
1 Al-A2  A3-A7 (C3-C8 A4-A5 (C5-C6 A6-A8
2 D2-D5 A2-A7 D3-D4 A3-A5 B3-B5 C4-C5
3 DI1-D8 B2-B7 D2-D7 B3-B4 (C3-C4 D3-D6 B5-B6 (C5-C7
4 B1-B3 CI1-C6 D2-D3 B2-B6 (C2-C8 B4-B8§ D4-D5 A6-A7
5 DI-D3  B3-B7 (C2-C3 C4-C6 B4-B5 D4-D& A5-A8  B6-BS
6 Al-A6  DI-D5 C1-C8 A2-A4 (C2-C7 B3-B6
7 Al-A3  (C3-C7 BIl-BS5 CI-C5 C(C2-C6 A4-A8 (C4-C&8 D5-D8 D6-D7
8 Cl1-C3  Al-A4 BI-B7 DI1-D7 A2-A3 D2-D6 B4-B6 A5-A7 C6-C7
9 Al-A8  B2-B4 (C2-C4 A3-A6 D3-D8 A4-A7 D5-D7 B5-B8  B6-B7
10 Al-A5  BI-B2 DI1-D2 A2-A6 (C2-C5 D3-D5 A3-A8 D4-D6 B7-B8 C7-C8
11 A2-A5  (C3-C5 B2-B3 A4-A6 (C4-C7 D4-D7 B5-B7 C6-C8  AT-A8
12 Al-A7  C3-C6 D2-D4 A2-A8  A3-A4 A5-A6  C5-C& D6-D8
13 B1-B4 CI1-C4 DI1-D4 D3-D7 B2-B5 D2-D&8 B3-B8 D5-D6
14 B1-B6 DI-D6 CI1-C7 B2-B8 B4-B7 D7-D8
15 B1-B8  CI-C2
Total rest days for each team:
Team Playing Days Rest Days
Al 1 6 7 8 9 10 12 5
A2 1 2 6 8 10 11 12 5
A3 1 2 7 8 9 10 12 5
A4 1 6 7 8 9 11 12 5
A5 1 2 5 8 10 11 12 5
A6 1 4 6 9 10 11 12 5
AT 1 2 4 8 9 11 12 5
A8 1 5 7 9 10 11 12 5
Bl 4 7 8 10 13 14 15 5
B2 3 4 9 10 11 13 14 5
B3 2 3 4 5 6 11 13 5
B4 3 4 5 8 9 13 14 5
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(4)

Note that it’s sufficient to distribute the matches scheduled in Problem 2 (3) to the
stadiums and ensure that each stadium gets at least 5 matches.

Day Match1l Match2 Match3 Match4 MatchS Match 6 Match 7 Match 8 Match 9 Match 10
1 A1-A2(1) A3-A7(1) C3-C8(1) A4-A5(1) C5-C6(1) A6-A8(1)

2 D2-D5(1) A2-A7(1) D3-D4(1) A3-A5(2) B3-B5(2) C4-C5(2)

3 D1-D8(2) B2-B7(2) D2-D7(2) B3-B4(2) C3-C4(2) D3-D6(2) B5-B6(3) C5-C7(3)

4 B1-B3(3) C1-C6(3) D2-D3(3) B2-B6(3) C2-C8(3) B4-B&(3) D4-D5(3) A6-A7(4)

5 D1-D3(4) B3-B7(4) C2-C3(4) C4-C6(4) B4-B5(4) D4-D8(4) A5-A8(4) B6-B3(4)

6 A1-A6(5) D1-D5(5) C1-C8(5) A2-A4(5) C2-C7(5) B3-B6(5)

7 A1-A3(5) C3-C7(5) B1-B5(5) C1-C5(6) C2-C6(6) A4-A8(6) C4-C8(6) D5-D8(6) D6-D7(6)

8 C1-C3(6) A1-A4(6) B1-B7(6) D1-D7(7) A2-A3(7) D2-D6(7) B4-B6(7) A5-A7(7) Co-C7(7)

9 A1-A8(7) B2-B4(7) C2-C4(7) A3-A6(8) D3-D8(8) A4-A7(8) D5-D7(8) B5-B&(8&) B6-B7(8)

10 A1-A5(8) B1-B2(8) DI1-D2(8) A2-A6(9) C2-C5(9) D3-D5(9) A3-A8(9) D4-D6(9) B7-B8(9) C7-C8(9)

B2- A4- C4- D4- B5- C6- A'-
1 AZASE) C3-CG50) B3(10) A6(10) C7(10) D7(10) B7(10) C8(10) AS8(10)
D Al- C3- D2- A2- A3- AS- Cs- Do-
A7(10) C6(10) D4(11) A8(11) A4(11) A6(11) C8(11) D8&(1)
13 BI- Cl- Dl- D3- B2- D2- B3- D5-

B4(1l) C4(11) D4l Di(12)

B5(12) D8(12) B8(12) D6(12)
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14

15

Bl- Dl1- Cl- B2- B4- D7-
B6(12) D6(12) C7(12) B8(12) B7(12) D8(12)
BI- Cl-
B8(12)  C2(12)

Number of matches played at each stadium:

Stadium No. of Matches
1 9
2 9
3 9
4 9
5 9
6 9
7 9
8 9
9 9
10 9
11 9
12 13
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