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MTH360 — Project 2

For our project, we decided to solve an eight week, eight team season with each
team getting one bye. Each x; ; , variable corresponds to a game between teams i and j
during week k. We developed a sample matrix B that represents which teams have a bye
on which weeks. The sets of constraints, ByeWeeks1 and ByeWeeks2, loop through this
array and do not allow a game to occur with any particular team that has a bye week.
We need both sets because of the symmetrical nature of our x variables. We want to
constrain games where team 1 is playing team 3 and also where team 3 is playing team
1. This might seem redundant, but this can cause issues because of how we defined x.

Our “More” constraint set also handles symmetry by making certain, for example,
that x;,; = X171 . The reason this is important is because we do not want duplicate
games in the schedule. The LP will treat each variable as its own entity so if we do not
make this distinction, then more games will be scheduled than necessary, which could
skew the solution or even make infeasible from a practical standpoint.

Our next two sets on constraints, HTConstraints and VTConstraints, ensure that
any particular team can only play a maximum of one game per week. For example,

x[1, 1, 1]+x[1, 2, 1]+x[1, 3, 1]+x[1, 4, 1]+x[1, 5, 1]+x[1, 6, 1]+x[1, 7, 1]+x[1, 8, 1] <=
1
tells us that team 1 can play any other team during week 1, but the sum of those games
must equal 1. This makes sure that either 0 or 1 game is played. The other set is the
symmetrical version

x[1,1,1]+x[2,1,1]+x[3,1,1]+x[4,1,1]+x[5,1,1]+x[6,1,1]+x[7,1,1]+x[8,1,1]<=1,
which says that team 1 can only be challenged by at most 1 other team in a given week.
This is a subtle distinction, but necessary nonetheless. We need to be sure that any
given team is only playing and being played one time per week.

TConstraints2 is a simple set of constraints to ensure that a team cannot play
itself on any given week. This constraint could change depending on the nature of the
sport, but for this project it was not allowed.

Our objective function is simply the sum of all x variables in the problem. Most of
these will equal zero, but the sum divided by two will represent the total number of
games played in the season because there is a variable for representing a game for each
team. See the attached Maple worksheet for the decision variable values. The loop at
the end of worksheet creates matrices for each week and shows which teams play for
that week.



We noticed that when solving this problem using the regular LPSolve command,
it will complete in a matter of seconds. It will give exact values for the highest possible z-
value, which is great, but unfortunately, we have not found a good way to play 60% of a
game. So when we switch it to an integer linear programming problem, we could just
round the LP solution and hope it is still both a maximization and inside the feasible
region, but this is usually not the case. A lot of the times the ILP solution will be much
different than the LP. This is why the algorithm takes so much longer to complete when
dealing with large ILPs. We learned in class about the branch and bound method that
will iterate through almost every possible integer solution until it finds the optimal one
or at least the best sub-optimal possible. When it completes this it gives a very nice
solution set of whole numbers. This is better than LP sometimes because it can spit out
really close estimates instead of whole numbers. In conclusion, the main difference we
saw was the time difference to execute the algorithm and the solutions were quite
different. The LP solution does not make sense in the context of the problem while the
ILP solution definitely does.



Matt Conflitti Narrative

| now understand why mathematicians can get paid very well to solve problems like
these efficiently. This problem is very small compared to some of the route and trip
scheduling work they did at my past internship. Before this class, it all seemed like
magic, but now | see how important operations research is and can be for any industry.
Specifically in this project, | learned that ILPs can be much more complex than LPs. | am
sure with dedicated hardware to solve ILPs it wouldn’t take so long to compute, but as a
computer science major as well it was cool to see complex algorithms in practice outside
of a programming class. | guess | also learned that if a problem can be represented as an
LP and not an ILP then do that. It is not worth the extra overhead unless absolutely
necessary. Overall solid project with a very good real life application.
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=> bMatrix
0>|«o0,0,0,0,0,0,1,1>»|<0,0,0,0,0,0,0,0>»|<0,0,0,0,0,0,0,0>»|<0,0,0,0,
0,0,0,0>»|<0,0,1,1,0,0,0,0>>;

[> ByeWeeksl
1..n), k=1..m);

ByeWeeks 1 :=

1
1
1
1
1

X8 1,1
Y701
» %6, 3,1
X5 4.1
X4 5.1

Ofﬁ,al

0,%) 7

=> x:=array(l..n,1..n,1..m);

n=2=8

m=28

[> with(LinearAlgebra): with (Optimization):

> n:=8; m:=8; #set number of teams and weeks

x=array(1.8,1..8,1..8,[])

<<1,1,0,0,0,0,0,0>|<0,0,0,0,0,0,0,0>|<0,0,0,0,1,1,0,
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seq(seq(seq(x[i,j, k]<=abs (bMatrix[i,k]-1), i=1..n), Jj=

<0, x

72, 1,1

X1 2.1

»Xg 2.1
X7.3,1
X6, 4,1
X5 5.1

X461

0, x

>73,7,1

0, x

1
1
1
1
1
1

%8, 1
X1,1,2
X812
»X7.2,2
0 %6,3,2

X5 4.2

X4 5.2
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<0,x
0,%, 5
1, x
1
1
1
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Lox, 5

0,% 5

1,3,1
0 X8, 3,1
X741
X6, 5.1

X5 6.1
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<l1,x
0,% 54

0,%, 5
1, x
1
1
1
1

1

1,4,1
X8 41
X751
> %6, 6,1
X5 7.1

X4 8.1

74,1, 1
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< Loxg

1, x
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>74,2,1

0, x
0, x

3,3, 1

>72,4,1

1, x
1
1
1
1
1
1

1,

5,

1

»Xg 5.1
%76, 1
° %6, 7,1
X5 8.1
X412

X3 9.2
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<l1,x

76, 1,1 —

1
1

X5 0

X4 3.1

0*%,&1

0,%) 5.
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= LleJ

1
1

an4¢

0,%5 54

0,%, 6.1

X621

X5 3.1

1, x
1
1
1
1
1

1,7,1
X8, 7,1
%781
X6,1,2
X522

2 X4.3.2
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%3.6,2
%2.7,2
1,8,2
0 X8, 8,2

77,1, 3
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Y87, 4
X784
Lxg 1
X5 2.5
Ly 55
X3 4,5
X 5.5

1,6,5
1

1
1

X8 6,5
X795

»X6. 8.5
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»X6. 6,2
1

1
1
1

Y5.7,2
X482
X313
%3.2,3
1,3,3
Lxg 55
0.%; 4 3
» %6, 5,3
%563

Lx, 53
1

1

X3 8.3
X21,4
1,2,4
0,% 5 4
L5y
Y6, 4,4
Lxs 54
X4 6,4
X374
Xy 8.4
1,1,5
X8, 1,5
Y72,
Lxg 5 s
X504, 5
Lx, 55
X365
X2.7,5

1,8,5

X 8.5
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X8 3.4
X7 4.4
Loxg s 4

X5 6,4
1

1
1

%4,7,4
X3 8.4
X21,5
1,2,5
X8 2.5
X735
° %6, 4,5
1

X5 5.5

X4, 6.5
1

1

X375
2% 8.5

1,1,6
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%76, 3
°%6,7, 3
X5 8.3
X414
Loy

Xy 3.4
0, x

0,%g 4.4

1,4,4

X754
2 %6, 6,4
X574
%48, 4
X315
X325
1,3,5
X835
X714, 5
X6, 5.5
X565
X4,7,5
X385

X2 1,6



< 1,x3’1’6 < 1,x4’1’6 < 1,x5’1’6 < 1,x6’1’6 < 1,x7’1’6 < 1,x8’1’6 < 1,x1’2’6
< 1’x2,2,6 < 1’x3,2,6 < 1,x4’2’6 < 1,x5’2’6 < 1,x6’2’6 < 1,x7’2’6 < l,x&z’6
< l’x1,3,6 < l’x2,3,6 < l,x3,3’6 < l,x4,3’6 < l,x5,3’6 < l,x6,3’6 < l,x7,3’6
< 1,x8’3’6 < 1,x1’4’6 < 1,x2’4’6 < 1,x3’4’6 < 1,x4’4’6 < 1,x5’4’6 < 1,x6’4’6
< 1,x7’4’6 < 1,x8’4’6 < 1’x1,5,6 < 1’x2,5,6 < 1’x3,5,6 < 1,x4’5’6 < 1,x5’5’6
< l,x6,5’6 < l,x7,5’6 < l,x&s’6 < l,xl,6’6 < l,xz,6’6 < l,x3,6’6 < l,x4,6’6
< 1,x5’6’6 < 1’x6,6,6 < 1,x7’6’6 < 1’x8,6,6 < 1,x1’7’6 < 1,x2’7’6 < 1,x3’7’6
< 1,x4’7’6 < 1,x5’7’6 < 1,x6’7’6 < 1,x7’7’6 < l,x&l6 < l,xl’&6 < l,xz’&6
< l,x3,8’6 < l,x4,8’6 < l,xs,&6 < l,x6,8’6 < l,x7,8’6 < l,x&&6 < 1’x1,1,7
< 1,x2’1’7 < 1,x3’1’7 < 1,x4’1’7 < 1,x5’1’7 < 1,x6’1’7 < 1,x7’1’7 < 1,x8’1’7
< 1=x1,2,7 < 1=x2,2,7 < 1=x3,2,7 < 1,x4’2’7 < 1,x5’2’7 < 1,x6’2’7 < 1,x7’2’7
< l,x&z’7 < 1’x1,3,7 < 1’x2,3,7 < l,x3,3’7 < l,x4,3’7 < l,x5,3’7 < l,x6,3’7
< 1,x7’3’7 < 1,x8’3’7 < 1,x1’4’7 < 1,x2’4’7 < 1,x3’4’7 < 1,x4’4’7 < 1,x5’4’7
< 1,x6’4’7 < 1,x7’4’7 < 1,x8’4’7 < 1’x1,5,7 < 1=x2,5,7 < 1’x3,5,7 < 1,x4’5’7
< 1’x5,5,7 < l,x6,5’7 < l,x7,5’7 < l,x&s’7 < l,xl,6’7 < l,xz,6’7 < l,x3,6’7
< 1,x4’6’7 < 1,x5’6’7 < 1,x6’6’7 < 1,x7’6’7 < 1,x8’6’7 < 1,x1’7’7 < 1,x2’7’7
< 1,x3’7’7 < 1,x4’7’7 < 1,x5’7’7 < 1,x6’7’7 < 1,x7’7’7 < l,x&l7 < l,xl’&7
< l,xz,&7 < l,x3,8’7 < l,x4,8’7 < l,xs,&7 < l,x6,8’7 < l,x7,8’7 < l,x&&7
< 1’x1,1,8 < 1’x2,1,8 < 1,x3’1’8 < 0,)64’1’8 < 0,)65’1’8 < 1,x6’1’8 < 1,x7’1’8
< l,x&l’8 < 1’x1,2,8 < 1’x2,2,8 < 1’x3,2,8 < 0,x4’2’8 < 0,x5’2’8 < 1,x6’2’8
< l,x7,2’8 < l’xg,z,s < l’x1,3,8 < l’x2,3,8 < l,x3,3’8 < 0,x4,3’8 < 0,x5,3’8
< 1,x6’3’8 < 1,x7’3’8 < 1,)68’3’8 < 1,x1’4’8 < 1,x2’4’8 < 1,x3’4’8 < 0,)64’4’8
< 0,x5’4’8 < 1,x6’4’8 < 1,x7’4’8 < 1,x8’4’8 < 1’x1,5,8 < 1’x2,5,8 < 1’x3,5,8
< 0,x4,5’8 < 0’x5,5,8 < l,x6,5’8 < l,x7,5’8 < l,x&s’8 < l,xl,6’8 < l,xz,6’8
< 1,x3’6’8 < 0,)64’6’8 < 0,)65’6’8 < 1’x6,6,8 < 1,x7’6’8 < 1’x8,6,8 < 1,x1’7’8
< 1,x2’7’8 < 1,x3’7’8 < 0,x4’7’8 < 0,x5’7’8 < 1,x6’7’8 < 1,x7’7’8 < 1,x8’7’8
< l,xl,&8 < l,xz,&8 < l,x3,8’8 < 0,x4,8’8 < 0,x5,8’8 < l,x6,8’8 < l,x7,8’8
< l,x&&8 <1

=> ByeWeeks2 := seq(seq(seq(x[j,i,k]<=abs(bMatrix[i,k]-1), i=1l..n), j=
l1..n), k=1..m);

ByeWeeks2 = <0,x <0,x <lLx = Lx < Lx <Lx,, ®)

xl,l,l 1,3,1 1,4,1 1,5,1 1,6,1

s =Ly, =0x,, <0x,, <Ly, =Ly, =Lx

2,1
<lx
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>72,6,3

X353
1

1
1

%443
X533
°%6,2,3
%7.1,3
Lx; g5
0% 5 3

1,6,4

Xy 5.4
1

1
1

X3 4.4
X4 3.4

X5 2.4
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X391
1

1
1
1

X308, 1
X4,7,1
X506, 1
- %6, 5,1
Y741

>78,3,1
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X3 4.1
X4 3.1

0,%5 5
1

1

X6, 1,1
» %6, 8, 1
Y7071
» X8, 6,1
1,5,2
X 4.2

X332
1

1
1
1

X4 2.2
X5 1.2
X582
°%6,7,2
Y7.6,2
X8, 5,2
1,4,3
2% 3.3

X3 2.3
1

1

X413
X483
X357, 3
0. % 6.3
X7.5,3
X8, 4,3
1,3,4
Xy 2.4
0,%;5 1 4

>73,8, 4
1

1

X4 7.4

X5 6,4
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' %6,2,4
X701, 4
0,%; ¢ 4
X874
1,6,5
Xy 5.5
X345
X435
Loxs 5 s

»X6.1.5
1

1
1

> %6, 8, 5
X779, 5
X8, 6,5
1,5,6
X 4.6
»%3.3,6
%4.2,6
1

X5 1.6

X5 8.6
1

1
1

° %6, 7,6
%76, 6
%85, 6
1,4,7
%3,3,7
X3.2,7

X4 1.7
1

1
1
1
1

X4,8,7
X5 7.7
> %6, 6,7
Y7.5,7

X 4.7
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Shx g gsbhx,g=sbhyo=<0x,,<0x <Lx o<l g
SLhxggsbhy g=shx,¢<Lx,<0x,,=0x,<Lx (g
SLho,gshyge=shx <L, Shy, <0y, ,<0x,,
< 1,x3’6,8 < 1,x3’7,8 < 1,x3’8,8 < 1,x4’1,8 < 1,x4’2,8 < 1,x4’3,8 < 0,)64’4,8
< 0,x4’5’8 < 1,x4’6’8 < 1,x4’7’8 < 1,x4’8’8 < 1’x5,1,8 < 1’x5,2,8 < 1,x5’3’8
< 0,x534’8 < 0’x5,5,8 < l,x536’8 < l,x537’8 < l,xsj&8 < l,x631’8 < l,x632’8
< 1,x6’3,8 < 0,)66’4,8 < 0,)66’5,8 < 1’x6,6,8 < 1,x6’7,8 < 1’x6,8,8 < 1,x7’1,8
< 1,x7’2’8 < 1,x7’3’8 < 0,x7’4’8 < 0,x7’5’8 < 1,x7’6’8 < 1,x7’7’8 < 1,x7’8’8
Shog gsShxg ) g =hxg s o <0x, 50x oLy o=<Tx.,,
< 1,)68’8,8 <1

=> More:=seq(seq(seq(x[i,j,k] = x[j,i,k],i=1..n),3j=1..n) ,k=1..m);

More:=x, | 1 =X 1 1% 0 =Y 2 e T M e e Y a e Ys Ys (6)
x

6.1 Mo v MM T s M T 0 T M0 10,000

TN a0 T 4 0% 01 T X510 %, 2,1 X6 1087, 2,1 T %7, 108,01 T M s 1

X X X =X X =X X =X

L3010 %L 0% 31 %32, 03,310 3 1031 3,410 %5301 X35, 10 %, 301
B T T L A T T T 0 EA T SO T W 0 30 DVINS B INS IR EE S S TR0 A E A% SR RS W B
Xaoa1 " M8, 100%5,41 " Y5, 0%,4.1 " X6, 177,401 " M7 10780401 Y48, 171,501

X M50 Y0 10X 51 Y53 0% s 1 X5 a0 s 501 Y55 10 %6, 501 Yse, 10

X510 Y7051 %80 61 Y6 1,172,601 Y62, 13,601 Y6.3. 1%, 6.1

X4, 1°%5,6,1 Y6,5,17%6,6,1 6,6, 1°%7.6,1 " %6,7,1°%8,6,1 6,8, 1°%1,7,1 " V7,1, 10
X701 "M%, 7,10 T X5 0% 70 T X4 0% 710 T %510 %, 7,1 T %6, 107,701

TN M T s ML T s s 1 T %2 103,801 %83 104,81 T Y84

X X X =X X

58,1 78,5 1°%,8, 1 78,6,1°77,8, 1 78,7,1°78,8,1 8,8, 1°%1,1,2~ ¥1,1,22%2,1,2

XM 2 T M M2 T M a2 ML s Y 12 ML 22 M2 Mg

o2 X822 %, 2,2 7%, 1,200%,2,0 7,200,200 %3, %, 2,0 7%, 4,20 %5, 2.2

X 5,0%,0,0 7 %0,6,200%7,2,0 7 %0,7,00%8,2,0 T %08, 051,320 T, 1,20%,3,20 T N0, 20

X330 %3,3,200%,3,2 7 %3,4,200%,3.0 7 %3, 5.2%.,3,2 7 %3,6,22%7.3,2 7 %3,7,22%8,3.2

T8 M a0 T M 0% 407 40,005,407 X, 3,084, 0 T % 4,00 %5407 Y4 5,00

Xo,a,2 %4,6,22%7,4,0 " %4,7,00%8,4,0 " X4, 8,00 %1,5,0 " X5, 1,00%, 507 %5, 2,008, 5.2

X5 3. 0%, 507 %54, 200%5. 507 %55 00%, 5.0 X5.6,22%7,5,20 " %5,7.20%8. 5,2 ¥5,8,2°

Y62 Y% 1.,22%.6.2  %.2.2%.6.2 %.3.2%.6,2 %.4.22%.6,2 Y.5.22%.6.2




“X6.6.2%7.6,2 Y%,7.22%8.6,2 Y6,8,22%1,7.2 X7 1,2%2,7,2 " %7,0,20%3,7,2 7 %73, 20

X4.7.27%7.4,2%. 7207 %.5.2%.7.2"%7.6.2%7.7.2 " %7.7.22%8.7.2 7 %7.8,22 %1, 8.2

X 1,207,807 *8,2.22%3.8,2 7 ¥8.3,22%, 8.2 ¥%8.4.22%5.8.2 7 *8.5.22%6.8,2 " ¥8.6,2°

X782 18,7,22%8. 8.2 .8, 2%, 1,3 L3213 M2, %30 1,3 T M,3,3 M, 1,3

X4 13T MY 1.3 Y63 3T ML R 3 T MLs M2 o130

X037 %,0,30%3.0.3 7% 3,30 % 23 7% 430 %5237 %530 %,2,3 7 %.6,30%7,2,3

X 737823 M3 %133 ¥3,1,30%,3.3 7 %3,2,30%3,3,3 7 3,330 %4,3,3 7 N34, 30

X5 3.37%3,5.3%.3,37%3,6,32%7,3,37%3,7,32%.,3,3 7 %3.8,3%1.,4,3 7%, 1,3%.4,3

X 0.3%3,43 7 M3, %, 4,3 T 4,430 %543 X453 %43 %4630 %743 Y4, 7,3

g 4,3 Y4832 %,5.3 ¥5.1,3%2,5.3 7 %5,2.3%3,5,3 7 ¥5,3,3° %, 5.3 X543 %, 5.3

X5 5.3 %,5.3 7 %5630 %7537 %5.7,3%.5,3 7 %5.8,3%1.6,3 " %,1,3°%2.6,3 Y6, 2,3

X

36,3 %6,3,3°%4,6,3 %6,4,3°%5,6,3 %6,5,3%6,6,3 %6,6,3°%7.6,3  %6,7,3°%8,6,3

TX.8.3%1,7,3 " M1, %2.7,3 7 %7,2,30%3, 7.3 T %73, %4,7,3 T %74, 30 %5,7,3 7 Y7530
X6,7.3 = %7.6,3%7,7,3 7 %7,7,32%8,7,3 T %7832 1,83 " %, 1,3°%2.8,3 " %8.2,3°%3.8,3

TXg3,30 %4837 X8,4,3° %5837 %8,5,3°%.,8,3 %8,6,3°%7,8,3 *8,7,3°78,8,3 78,8, 3

X =X X

LLa Y eX e M0 a0 M e T a0 % 1,4 5,40 %1, 4
TMe M a T ML e s 4T M s M 0,4 T X 1,072,204 X2 0,485,047 Y2 30
Y42, M a0 5, 2,4 %25, 0%,2,4 %2,6,4%7,2,4 = %2, 7,478, 2,4 X2, 8,471, 3,4
ML e 4 32,033,477 %33, 0%,3,4 7 %340 %5, 3,47 %3, 5,40 %6,3,4 7 Y3,6,4
7,34 M3,7,4%8,3,4” 3.8, 405,44 X4, 1,80%,4,4 X420, 407344 X434 %444

=X

X 40 44" M5 0%, 4,4 Y4 6,457, 4.4 X4 7,078, 4,4 M2 8. 4%, 5.4 N5, 1,4

Yo,5.4 Y50, 5,4 X5 3, 0% 5,47 X5 4 0 %5 5,47 X5 5 40 %6, 5,4 X5,6,40%7,5,4
s 740854 Y58, 4% 6,4 Y6, 1,4 %2,6,4 X6,2,47%3,6,4 Y6,3,4%4,6,4 Y6,4,4
¥5,6,4 Y6,5,4 %, 6,4 %6,6,4%7,6,4 %6,7,47%8,6,4 Y6,8,4%1,7,4 ¥7,1,47%2,7,4
MM 7,4 M 50 %, 7,478 4,0 %5747 %7 50 %6,7,4 " X7,6,40%7,7,4 " 7,7, 00
Y8,7,4 - V8,400, 8,4 %8, 1,472,847 %8,2,4%3,8,4 ¥8,3,42 %484 ¥8,4,4%5,8,4
X s, 4 %6,8,4 X8,6,42%7,8,4 %8,7,4%8,8,4 8.8, 4%1,1,5 *1,1,5%, 1,5 1,2, 5
Y15 MM s T MLa s s T ML s 0%, 1,5 M6 %5 ML,7, %8105
ThLe ML s T M0, %2,0,5%3,0,5 T X235 %, 0,5 T Y2 45085, 0,5 T Yo s s
X6,2,5 %2.6,5%7,2,5 %2,7,5%8,2,5 " 2,8, 5°%1,3,5 " %3,1,5°%2.3,5 " %3,2,5%3,3,5

TX3.5%,3, 5 M,4,5%5. 3,5 %3,5,5%,3.5 %3.6,5%7,3,5 %3,7.5%8.3,5 13,8, 5



Xoa5 Ma1,5%0,45 %4.2,5%,4,5 %43, 5%, 4,5 Ya,4,5%5. 4,5 %45, 5%,4,5

X465 %7,4, 5 X475 %, 4,5 X485 %155 %5.1,5%0. 5.5 %5,2.5%3,5.5 " V5,3, 5

X4 5,5 N5.4,5%5 55 X5 5 5% 5 5 X5 6 50%7 55 %57, 5% 55 %58 5% 6,5

“X6.1.5%2.6,5 Y%6,2.5%3.6,5 Y6,3,5°%4,6.5 %6.4,5%5,6,5 %6.5.5%.6,5 ~6,6,5
X765 Y6,7.5%8.6,5 Y6,8,5%1,7,5 X1.1,5%2.,7,5 " %7.2,5%3.7,5 7 %7.3,5%. 7,5

X a,5%57,5 X5 5%,7,5 %7.6,5%7.7,5 " %7,7,5°%8,7,5  %7,8,5°%1,8,5 '8, 1,5

X,

2,8,5 78,2,5%3.8. 5 ¥8.3,5%, 8,5 *

X, X, X,

8,4,5°%5.8.5 8.5 5%.8,5 *8.6,577,8,5

X% 75785 *8.8.5%. 1.6 Y1162 1.6 M.2.0%3. 1.6 *1.3.60%4. 1.6 Y1.4.6

X X X =X X

51,6 71,5,6%, 1,6 11,6,6077,1,6 *1,7,6278, 1,6 *1,8,6°%1,2,6  *2,1,6°%2,2,6

X 0.6073,2,6 M.3.60%.2,6 12,467,266 X2.5.60%.,2.6 *2.6.62%7.2,6 12,7,6

82,6 %2.8,60%1,3,6 ¥3.1,6%2.3,6 %3.2,6%3.3,6  %3.3,62%4.3,6  3,4,6%5,3,6

TX35.60%,3,6 %3,6,6°77,3,6  %3,7,6°%8,3,6  %3,8,6°%1,4,6 “4,1,6°2,4,6 *4,2,6

X346 Y4.3,60%. 4.6 Y4.4,6%,4,6 *4.5.6%.,4,6 ~4,6,.6%7.46 4,768, 4.6

TX8.60%,5,6 %5.1,60%2.5,6 %5.2,62%3.5,6  %5.3,6°%4.5.6 *5.4,6 75,56 75,5, 6

X6,5,6  %5,6,6077,5,6  %5,7,678,5,6 %5.8,6°%1,6,6 %6,1,6°%2,.6,6 6,2,6°%3,6,6

“X6.3.60%.6,6 Y6,4.62%5.6,6 6,56 76,66 26.6,6°77,6,6 ~6.7.6°78.6,6 6,8,6
Y76 Y 1,60%2.7,6 ¥1.2,60%3,7,6 X1.3,600%4.7,6 %7.4,6%5.7.6 ~ %7.5,6°%6,7. 6

X 6,60%7,7,6 X7,7,6%8,7,6 X7.8,6%1,8,6  %8,1,6°%2,8,6  78,2,6°%3,8,6 8,36

X

4.8,6 78.4,62%5,8.6 8.5.6°%,8,6

X,

8,6,6°X7.8.6 78,7,6°78,8.6 8.8.6°71,1,7

XN rM T M rSBrT M T M a s T s e 1,7 e 7

Yo7 Y% L7 T M M7 T X 1, %0, 2,7 %0, 2,783,277 0,3, %4, 2,7

X o427 s % 2,7 M6, 7%7,2.7 X0 80,7 s M3, ML

X037 %30, 7%3.3,7 73,3, %437 T 3,4, %5.3,7 7 %3.5.7%.3,7 7 %3,6,72 %7, 3,7

Y83, 38, 4,7 M, %247 T X0, %3,47 T a3, e a7 T Ya 4
Ys,4,7 M5, 70%,4,7 " %4 6,707,047 X 7,0 %8, 4,7 T X8, 15,7 T s 1,082,507
s 0.7 %3,57 " X5 3, 5,0 s 4, %57 Y55, 0 %6, 5,1 Y56, %7,5,1 7 X0
Y8,5.7 Y58, 70,67 %6, 1,7%2,6,7 %6,2,7%3,6,7 ¥6,3,7%4,6,7 Y6,4,77%5,6,7
“Y%,5,7%,6,7 %,6,7%7,6,7 %6,7.7%8,6,7 Y6,8,7%1,7,7 " Y1,1,7%2,7,7 " Y127
¥3.7,7 " %, %,7,7 " Y40 %5,71,1 M50 %61, X167 87,7, X9,7, 7 %8,7, 7
Y ML s 7 Y8 L2877 %8,2,7%3,8,7 7 ¥8,3,77%4,8,7  ¥8,4,7%5,8,7 7 18,5, 7

X6.8,7 78,6,77%7.8.7 78.7,7778,8,7 Xs.8.77%1,1,8  *1,1.8°%2. 1,8 *1,2,8%3,1.8



X380 % 1,8 Y480, 1,8 Y15, 8%, 1,8 ML6,8%7,1,8 M1,7,8 %8, 1,8 L8, 8
Y28 M8 2,8 %2280 %3,2,8 %2,3,80%,2,8 " X248 %528 X2, 5,82 %, 2,8
T 6,8%7,2,8 %2,7,8%8,2,8 12,8,8%1,3,8 13,1,8%2,3,8 13,2,87%3,3,8 13,38
X4,3,8 %3,4,8°%5,3,8 %3,5,8%,3,8 ¥3,6,87%7,3,8 ¥3,7,878,3,8 73,8 8%,438

Ya,1,8%2,4,8 Y4280 %3,4,8 Y4,3,8° %, 4,8 X44,8 %5, 4,8 X458 %,4,8 Y46, 8
X748 X4,7,8°%8,4,8 4,8 8 1,58 X5, 1,87, 58 ¥5,0.8%,58 ¥5,3,.8%, 538

X5 4,8%5, 5,8 %5,58%,5,8 75,6,8%7,58 757,878,588 7588%,68 61,8
Y2,6,8 Y6,2,8°7%3,6,8 %6,3,8%4,6,8 %6,4,87%5,6,8 Y6,528%,68 66,877,638
T %6,7,87%8,6,8 %6,8,8%1,7,8 17,1,8%2,7,8 77,2,8%3,7,8 ¥7,3,8%4,7,8 V7,4, 8
Xs5.7,8 %7,5,8%,7,8 %7,6,8°7%7,7,8 %7,7,878,7,8 ¥7,8, 8 1,88 Y8, 1,872,838
TY8,2,8°M3,8,8 %8,3,8°%4,8,8 ¥8,4,8%5,88 ¥858%,838 *8687%7,838 7878
¥3,8,8  78,8,8

=> HTConstraints:=seq(seq(add(x[i,j,k],i=1..n)<=1,3j=1..n) ,k=1..m);
HTConstraints =X +x2 1 -I—x3’1 1-1-964’131 +x531 l-l-x6’1’1 -l-x7’1,1 +x&1’1
<Lx, 1+x2,2 P X T T X T T S Ly

T gt s Xy Ty X Ty T Sy Ty,
T g T T g T X g T T S LY s T s T s
Fay s T s T X s T s X s S Loy o b o T T
T ot o1 T 61 T 60 S Ly 5 0 5 T 5+ 5 T 5
Txe T g T S Ly g X o Ty g T e X g T g
ta gt g S by oty g b b X T,
Txg o S Lhx X X X, X T X X, TG,
S1,x133’2+x232+x3’332+x432+x5’3’2+x6’332+x7332+x832 Lx 40
R LR VPR P S e TIPS s PP S P T T R
TX s T s, T X5 5, T X s 2+x7,52+x852 Lxp 62X 601X 65
T 60T % 620 X% 62T 60T X 601X, 2+x2,72+x3,72+x4,7,2
FX gt X gt Xy S Ly g, gy T TS
T g0t g0t X5, =Ly 3+x2,1 3T X 3 T X 3T sy 3 T 5
X 3+x8,1,3£l’xl,z3+x2,23+x3,23+x4,23+x5,23+x6,23+x7,2,3
taxg oS by gty sty by b X s g X
S Lty gyt X X T X T s T, s S X 5



T s
T 6
T 5
TXs g
T X, 1
T,
T X34 S
<l,x
+x2’6
+x3,7
+x4’8
-I-xi1
+x6,2
-|-x7’3
TX5 45
<l,x
T
T
T
TXs
T X6 3,
+x

+%56
<l1,x
T g
T
T
T X5 5
T X6, 4
T s

T X 6.7

3T %5 s
3T % 6
3T X5 4
3 T % g
4 T%
4+x

1,5, 4
4T X6

4%
4T X5 g
s T %
s T %,
s T X,

1.6, 5
s T

s T g
6 T %5 1
6 T %, 2
6 7% 3

1.7.6
6 T8

7t %
7T X5,
7 T %3,

7+x
< Lx

8,2,4

1x

+x

3,5 —

< Lx g

+x

6 T 4.6

lx

+ x

7+x

8,5, 7 —

3T s
3 T 6
3 T %7,

4+x

2,5, 4
4T %6

4 T %5 5
4 T %
s X
5+x

2.6.5
s T 5

s T g
6 T % 1.

6+x

2.7.6
6 T4 g

7t %
7 T %5
71X 3

3—i—x

8, 1,4 =
<1x

4+%A

+x

8,2,5
lx

5+%J

+x

6+x

8,3,6 —
<1x

6+%ﬁ

+x

7T X 49

lx

7+%J

3T X5 s
3 T %6
3T

3,5, 4
4 T X5 6

4 T % 5
4 T8
5-i-x

3.6.5
s T X5 5

s T % g
6 7%

3,7.6
6 T X5 g

7 %
7T,
7+x

3T X% g3

lx

4+%J
s T%

+x

8,1,5

< Lx
45 Ty
s Tx s

+x

6 T 0.6

lx

6+%J
6 T %6

+ x

8,3,7 =
<1x

7+%ﬁ
71X,

3 T % s

3-l-x

4.5.4
4 T %6

s T%
4+x

4.6.5
s T X7

s TX g
6+x

4.7.6
6 T%.5

7%
7+x

3-i-)c

8,7,3
<1x

4+%J
4 X5
4T X,

+x

8,8, 4

s T3
s Ty
s T s

+x

8,1,6
<1x

6+@A
6 755
6 T %46

+x

8,2,7

1x

7+%J
7T %5 6
7% 5

35

5,5, 4
4 T% 6

4+x

< l,xh2

5,6,5
5+x

5+x

5.7.6
6 T8

7-|-x

3T X% 63

a4 tX
4%,
4 T % 3
4T X5 4

+x

8,7,4 —

< l,xl’1
sT% 5
s T3
s Ty 4
s T % 5

+x

8,8,5

< l,xL2
36 7% 3
6 TX5 4
6 T %4 s
6 T %5 6

+x

8,1,7
<1x

7+%A
7T % s
7%, 6
7T %5 5

3 T g,

l,xl’8

6,5,4
4+x

6,6,5

5,3
<1x

3+%ﬁ
4 T35
4T
4 T X5 5
4T %6, 4

+ X

8,6,4

lx

5+%J
s T X5,
s T %5
s T %5 4
s T % s

+x

s T X 75

< l,xlj1
6 T% o
6 T3 3
6 7% 4
6 T %5 s
6 T %, 6

+x

6,7,6
6+x

8,8,6
<1x

7+%J
7T %5 4
7T % s
7T %5 ¢
7T %6, 7

7,5, 4

<l1,x

3

>

7.3 7% 4

3T g

PR

g T

4 T % 3

4 Ty

+ x
<1x

8,5,4
4+x2’

4+%$

s T

s T,

+x5,3

s T X4

s Tx s

+ X

7,6,5

<1x

86,5S
5 +x2’

6+@J

6 T30

6 T %43

6 T %5 4

6 T %. s

6 T %16

6-i-x
<l1,x

3

8,7,6
7+x2’

2.7 1%,

7T X5

77 X 4

7 X5 s

7 T % 6

7% 5

3+x2’
3+x3’
3+x4’
4+x5’
4+x6’
4+x7’
4+x

4+x3’
5+x4’
5+x5’
5+x6’
5+x7’
5+x

6+x3’
6+x4’
6+x5’
6+x6’
6+x7’
6+x

7+x3’
7+x4’
7+x5’
7+x6’
7+x7’
7+x8’

6,3
7,3
8,3
1,4
2,4
3,4
8,4,4
SL%&A
7,4
8,4
1,5
2,5
3,5
4,5
8,5,5
Lx 55
8,5
1,6
2,6
3,6
4,6
5,6
8,6,6
< 1,)61’8’6
1,7
2,7
3,7
4,7
5,7
6,7

7,17



<l,x
-I-xz’1
-|-x3’2
+x4,3
+x5’4
-|-x6’5
+x7,6
T X 78
<1

1.8,7
g T

g 7% o
s T %5 3
s T %6, 4
s 7% 5
8+x

+x

8,6,8 —
<1x

f> VTConstraints:

VT Constraints = x

< l’xz,
-I-x3,2
-|-x4’3
+x5’4
+x6,5
+x7’6
+x8’7

s

TX g0 S
<lx
-|-x4’2
+x5,3
+x6’4
-|-x7’5
+x8,6
+xl’7
T3S

<l,x

41,3
3 T %5 5

-|-x5’2
+x6’3
X4

1’
1 TX5

1 Ty
| T X5 s
1 T % 6
1 X
1-|-x

31,2
) T 5

) T X5y
) T % s
) TX 6.

3 T

3 T % 4

1,1

s 1o

8,8,1

lx2

+x

2+x

8,3 —

l,x3

+x

+x7’5

2.8.7
g 7%

g 7% 5
s T %, 3
s T %7 4
8+x

1 T,
Ty
1T s
T s 6,

T

3,2,2
) Ty

) T X5 s
2 T X% 6
) TX

4,2,3
3Ty

3 % s
3 T 6

+x

8,5,8

lx

8+%ﬁ

1-|-x

1+x

L2 t%,

+x

2T X% 50

lx2

13 X,

+x

3.8.7
g T

g T % 2
g T3
8+x

2.3.1
X s

1 T
| T X5 5

,8, 1 —
< 1,)61’1

3,3,2
2 T s

) T 6
) T %7
2-I-x

4,3.3
3 T s

3 T %6
3 T4

+x

8,4,8 —
<1x

8+%J

LRI

g T X s S

l,x&

+x

7,8,2 —
<1x

L3+%J

+x

4.8,7
g T %

g 7% 5
8+x

g T ¢

l-l—x
+x234
1 T X5,

1-|-x

1,1

2T X 00T

2 T3

) T X5 5
) T X,

3T X5 5
4,4,3

3 T %5
3T % 5
3+x

+x

8,3,8
lx

8+@ﬁ
g T3 5
g T g

1,4,

T X s

1+x

5,8,1

1, X

2ty

+x

3,42 TN,
> T 6

8,2 —

lx8

13T X

37X 43

+x4

7,8,3 —

5,8,7
8+x

8+x

T3

-|-x&2

2—i—x

3 T3

3+x

+x

8,2,8 —

<Lx,

5.8 T X5

T X
1-|-x

7,1

T S

< 1,x6’

BRI

5’2+x

2+x

5,8,2 —

lx7

12 T )

3 T3

+x

5,3 4,

3-|-x

6,8,3

lx8

6,8,7

g T4 6
g T 5
g T %5 g

2,6, 1

1 T X 3
) TX 4
» T s

3,6,2

3TNy
+x3,5

+x

FRERE

lx

=seq(seq(add(x[i,j,k],j=1..n)<=1,i=1
X

1 T X6

X5

l,xS’

1T %

2T % 80

1x6

L2 t%,

63+x

EREE

< l,x7,

13T X%,

7,8,7

8+%A
s T3 s
s 7% 6
s T %5 7
s T %, 3

+x237

T
| T X 4
2 TX s
2 T% 6
+x3’7

) T X 3
3T 4
3T % s
3 T X5 6

<1x

8+@3
s T %5 4
s T % s
g T ¢
s T %, 7
s T %73

.n)
A
1+x2’
<l1lx

1T,

T s
> T X 6
2 T% 5
2-|-x
<l1x

12t 00

) X

+x4
<lx

13 7%,

3 T3

8,8,7

4,1,1

TR
Xy

3,8,2 —

5,1,

) T X 4
3T s
3T %
3T X5 5

6,1,

<l1lx
2.8 TX 08

g T 38

s T 48

g T 5.g

g T % 6.8

g T 7%

g T 5.8

8,1

s

1, x

g1 = >3,

X5

1T X5 5

s

T X6 41

P TX 50

1 T X% 61

s

> T X 90

T 50

1x4

2 T X5 50

T X630

2 TX 40
) T X 50

3T 63

3T % 93

37X 83

<l1l,x

8,3 >7s,

3 T %03

3 TX 53

3T % 43

,k=1..m) ;
T

15

1,

15

1,1,8

1

2

3

®



+x8,5
+xl’6
+x2’7
-I-x3 g,
<lx
T X6, 2
T,
T X 4
X s
T 6,
-I-x

+ﬁ8
<lx
T,
T X5 5
T4
T s
T
T
T X5 g,
<l1,x
T o
T 5
TX
T s
T 6
T X5 5
T X, 3,
<lx
T
T3

5,1,4

6,1,5

7,1,6

3 T %5 6
47X
4T g
4 = <l1lx
+ x

4 T X 5
s Xy
4 T s
s T 6
sT% 5
s T X g
s < <l1,x
+x

s T %3
s T X 4
6 T X s
6 T %6
6 7% 7
6 T %4 s,

6 = <lx

+ x
6 T %5 3
77X 4
7% 5
7T %56,
7+x
7+%8

1x7

§.1,7 T X

g T 3

7T

g T 4

4,

5,2,4

Sﬂ

6,2,5

6,

7,2,6

3T %573

4T X 8.4

b}

<l1,x

4 — 3,

+x
4T %6 4
4T %55
4 T 6
s X 4
s T % 5

<l1l,x

5 — 4,

+x
s T % 4
s T X 5
6 T %16,
6+x
6+%86

<l1,x

6 — 5,

+x
6 T %3 4
7T s
7% 6
77% 5
-I-x

4,8,7 —

7<1x6

82,7 T X,
g T 4

g T 5

La T X,
5,3,4

4 T X 5
4 T% 6
4 T X 5
5-i-x

s T,
6,3,5

s T % s
s T X 6
6 T %17

16 T %, 2
7,3,6

6 T %3 s
7T % 6
7T % 5
7+x

171X,

g T4 5
s T 6

T X 53

< l,xz’

L4 T%,

+x

1,8,5

1,x3’

s T,

+x

st X% 86

<1x4

e T%5

+ x

3,8,7 —

lx5

17 T %,

3.7 T %,

4T X3
5.4,4

4 T %6

4+x

s T 3
6.4,5

s T 6

6 T,

6 T %. 3
7.4.6

6 T%s.6

7+x

-I-x7’3

<l1,x

b

Lat%,

+x

s T%

8,8
<l1lx

2,
s T,

+x

s T 7

8,
1, x

3,
16 TX 0

+ x

7T X

2,8,

<l1lx

4,
17T %

4’7+x

g T .
8+x

4 T X5 5
4T X,

5,5,4

s T 3
s T 4

6,5,5

6 T %53
6 T %4

7 T % 3
71Xy

+ x
4 T % 7

2 TX

, 4

+ x
st
s T g

6 < <l1,x

+ x

7,5,6

6+x

7+%8

<l1,x

7T — 3,

g.5.7 T X

g T 7

+x28

4 X5
4 T 3
4T
4T X s

5,6,4

4 T % 8.4

4 =

< l,xl’1
1,5 T%
s T3
s T % 4
s T % 5

6,6,5

st 55

< Lx

5

2,
e TX

6 7% 3
6 T%5 4
6 T%.s

7,6,6

7 —

1,7 T%,
7 T %5 3
7T X 4
7T %

8,6,7
g T,

8 —

<l1x

8,

e T,

+ x
+x
<l1lx

17+x

lx3

2,

4 T 5
4 T4
4T 5
4T %6
TXs5 4

s TX
sTX 5
s T 4
s T % s
s T X5 ¢
+x6’7

6 T3 3
6 7% 4
6 T %5 s
6 T %, 6

7,7,6

8,8,6

7T % 3
7 T %5 4
7T % s
7T %6
+x8’7

8,8

4 Ty
47X 5
4 T X5 6,
4+x
+x584

<lx

714

14T X o
s T 5
s T X,
s T s
s T % 6
s T %5 5
s T %85

<l1lx

8, 1,5

6 T X2
6 %3
6 T %3 4
6 7% 5
6 T %5 6
6 T %6, 7

+ x7

8,6 —

<1x
L7+%J
7T X5 5
77 X 4
7 T %5 s
7T % 6
7T % 5
7+x

8,8,7

<l1l,x

- 2,1,8

s T

4+x1’
4+x2’
4 T

4+x8’
5+x1’
5+x2’
5+x3’
5+x4’
5+x

6+x1’
6+x2’
6+x3’
6+x4’
6+x5’
6 T %,

7+x1’
7+x2’
7+x3’
7T,
7+x5’
7+x’
7+x7’

8+x3’

5,4
6,4

s

7,4

4T % 84

lx6

+x 2.4
3,4
4,5
5,5
6,5
7,5
5,8,5

1, X,

T X005

3,6
4,6
5,6
6,6
7,6
8,6
1%

2,7
3,7
4,7
5,7
6,7
6,7,7

8,7
<lx

T 5%

3,8

1,4

5

15

1,6

1,1,8



TN e s st X s TX 75X g s S LY, | g%, gt X 551T%,,
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T 68 T 78T g g ShXg | gt X 5 g% 3 5T % 45T % 5.8 T%.6.5
T8 T X g8 S LY | g7, g% 5 gt X 4 g% 5 gtX st
T g S X gt gt X 3 gt X 4 g% s 5T % 65T 7.8 T %, 5.5
<1

> TConstraints2:=seq(seq(x[i,i,k]=0,i=1..n) ,k=1..m);

TConstraints2 := X1 0, X017 0, X33.1° 0, Xp41" 0, X557 0, X 6.1 0, X7 0
=0.xg ¢ 70X 5=0x 5 =00 5,500, 70X 5, =0x 6 ,=0,x, 5,
=0,x5 5 ,=0,x 1 3=0,%, 5 3=0,0 5 3=0,x,, 3=0,x 5 =0, (3=0,x, ;3
=0xg 5 370,20 4 =0.0, 5, =00 5, =0x, , ,T0x5 5, =056 ,=0,x, 5,
=0.x5 54702 1 5700, 5 5=0,05 5 =00, 4 5=0,x5 5 550,50 ¢ 5=0,x, 5
=005 5 5=0,x | (=0,%, 5 =00 5 =0,x,, (=0,x 5 =0,x ¢ =0,x .
=0x5 56702 70,0, 5 ,=0,x; 5 ,=0,x, , ,=0,x5 5 ,=0,x (,=0,x, ;5
=0.x5 5 770,20 70,0, 5 ¢ =005 5 =00, ¢ =0,x5 5 g=0,x0 6 ¢ =0,x, 5
=0, X g8~ 0

> Objective:=add (add(add(x[i,j,k],j=1..n),i=1..n) ,k=1..m);

Objective =2, |, X, 5 44y | g FX 5, TX X 4% 5 07X, 1%, 5y

Ty T g T s T s T T X g TG T s T

1 1

b}

T g T X T T s T X T T s T T g

BRI R e U T e at A T S e TR S s Y B S a ST S e R T S s S UAP S aE AP

T T s X Xy X X T T Y

BT T T S a O T a S S e T e S TR S e S S S i SO S S al SO

LRI T S e i e YR S a I S ol B Ui et T B e SN B

TX Ty s g T X s g T X s s TN s g T X s s T X 6 s TN 68 T X5 6.8

T X 68 T X 6.8 T Y% 6.8 7% 6.8 T %68 T 78T % 787X 787X 73

TX st X g T s T X s T X g s T g s T X g8 T 58 T g5

T X g s TN s s TX g s TX 475 471X 477X 4715 47T % 4.7

TX g g T X g g X s T X s T s T Xy s T X s X s T X 5

T X s X TN s T 6 Xy 6 TN g T X 67T X 67 T X 6.7

®
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=> Sol:=LPSolve (Objective, [TConstraints2,More,VTConstraints,

HTConstraints,ByeWeeksl , ByeWeeks2] ,assume={ 'nonnegative',

, maximize=true) ;

'integer'}

50112[56’[x1,1,1:0’x1,1,2:0’x1,1,3:O’xl,1,4:O’x1,1,5:0’x1,1,6:0’x1,1,7:0’
X8~ 00X 5 170X, ,=0x 5, =00, =Ly, =1, =1y, =0,
Xag = bX 5 170X 5, =0,x 5 =1 5 =0x 5 =0,x 5 =0,x ,,=1,
X387 0% 4 =0, =0y, 3=0,x , ,=0.x, 5=0.x,, (=0x ,,=0,
g 0x 5 1 T0x 5, =Ly 5 3=0,x 5, =0,x 5 5=0x 5 =0,x 5,50,
X587 0% 6 170X 5 =0,x 0 0=0,0 ¢ =0,x (s =0,x (=0,x (,=0,
X 68~ 0% 7,70 5 ,=0,x 5 5=0,x 5 ,=0,x 5 =0x 5 ,=0x ,,=0,
X 7870 g 1 T0x ¢ ,=0,x o 3=0,x, =02 6 =05 6 (=0, ¢ =0,
g 0% 170X ,=0x, ,=0x, =Ly, =Lx (=1x,,=0,
s X, 1 T0x, 5,50y, 3=0x,,=0x,,=0x,,,=0x,,,=0
X087 0% 3 1 T0x 5 =Ly, 5 3=0,x, 5 ,=0,x 5 =0y, 5 ,=0,x, ,,=0,
38700 41 70x ,,=0x, s =1x, =0y, s=0x, =0,x,,=0,
X 4870% 5 ,70x, 5,50y 5 3=0x, 5 ,=0,x, 5 5=0,x, 5 (=0x, 5, =L
X 58700 ¢ 1 50.x, 6,500 6 3=0.x 6, =0.x,  s=0.x, ¢ (=0,x, (=0,
N eg 0% ;1 =0x 5 ,=0x,,=0x,,=0x,,=0x,,=0x,,=0,
X 7870:% ¢ 1500, ¢ 5,500 ¢ 3=0,x) ¢ =02, 6 5=0,x, o (=0.x, ¢ ,=0,

an






Xo.7.8= 0% 5
Xo5,8= 0% 1
X087 0% 5
X287 0% 5
X387 0% 4
X487 0% 5
X587 0% ¢
X768~ 0% 7
X787 0% ¢
X587 X
Xgo18 - O Xg 5
Xg 9.8 = 0sXg 5y
Xg 387 0% 4
Xg 48~ 0% 5
Xg 5.8~ 0sX ¢y
Xg 6.8~ 0% 7
Xg 787 LXg g
X5 5.5~ 0]]

=0,x5 5 7 0,x5 5 370,x0 ¢, =0, ¢ 5= 0,x ¢ ¢
=02, ,70x, 3=0,x,, ,=0,x,, =0,x, ¢
=0.x 5,702, 350,05, , =00, 5=0,x,, ¢
=0.x, 5,702, 5 350,05, =00, 5 5=0,x, 5 ¢
=02, ,70x , 3=0x, , ,=0,x,, 5=0,x,, ¢
=0,x, 5,702, 5 370,05, =00, 5 =0,x, 5 ¢
=0.x, 6 =L 370,00, =00, 0 =00, 6
=0.x, 5 ,50,x, 5350, 5, =0, 5 5=0,x, 5 ¢
=1 g =0 x g 3= hxy o =00 0 =1 ¢
=0.xg  ,=0.x 3700, =00 =00 ¢
=0,x 5,7 0x5 5, 370,05 5 ,=0,x 5 5=0,x 5 ¢
=0,x5 3 ,70,05 3 370,05 3, =0, 3 5=0,% 5 4
=0xg 4 =gy 370.x, =005, =00, ¢
=0.x5 5 ,=0,x 5 370,x 5, =0, 5 5=0,xg 5 ¢
=0,x5 6 570,05 4 370,05 ¢ 4, =0, ¢ 5=0,% ¢
=Lxg ,,70x 5 =L 5, =00 5 = hxg ¢
=0.x5 5,7 0.x 5 370,x ¢, =00 ¢ =005 ¢ ¢

angﬂ“L
—Qxlh7—Q
_QXZL7_Q
—anl7—Q
_QX1&7_L
—Lx1i7—Q
—Qx1&7—Q
—Qxll7—Q
—Qx1&7—Q
—Qx&h7—Q
—Qx&l7—Q
—Qx&&7—Q
—Qx&%7—Q
—Qx&i7—Q
—],x&6’7—1,
—Qx&l7—Q
—Qx&&7—Q

=> for week from 1 to m do

£:=(i,3)->x[i,],week] :

Matrix(n,n,f):
print (week,
end do:
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- O O O o o o o

S = O O O O O O

subs (Sol[2] ,Matrix(n,n,£f)));
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