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Exercise A, Question 1

Question:

Formulate the following problem as a linear programming problem. You must define
vour variables, state your objective and write your constraints as equations.

A company makes three types of metal box, round, square and rectangular. Each box
has to pass through two machines to be cut and fortmed. The round, square and
rectangular boxes need 4, 2 and 3 minutes respectively on the cutter and 2, 5 and 3 on
the former. Both machines are available for & hours per day.

The profit, in pence, made on each round, square and rectangular box 1z 12, 10 and 11
respectively. The company wishes to maximise its profit

Solution:

Let x. x, and x; be the number of round, square and rectangular bozes respectively.
Masmimize P=12x +10x,+11x;

Subject to:

dx +ix, +3x +r =360

2% +3x, + 3% +5 =360

X, Ky, By, i,E = 0

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\d2 4 a 1.t 3/11/201.


http://www.kvisoft.com/pdf-merger/

Heinemann Solutionbank: Decision Mathematics . Pagel of 1

Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 2

Question:

Formulate the following probletn as a linear programming problem. You must define
vour variables, state vour objective and write vour constraints as equations.

A company makes four different types of backpack, A, B, C and D Each type & uses
2.5 units of material, needs 10 minutes of cutting time and 5 minutes of stitching time.
These figures, together with those for types B, C and D are shown in the table

A|B|C|D
Material in units 251 = 2 4
Cutting time in minutes mij12| 8 |15
Stitching time in minutes 5 i 4 9

There are 1400 units of material available each weel, 130 hours per week available on
the cutting machine and 50 hours available on the stitching machine,

Warleet research says that they will sell at most 300 backpacks each weel:

The profit, in pounds, 18 B, 7, & and 9 for types A, B, C and D respectively. The
company wishes to maximise its profit.

Solution:

Let x,.xp, x; and z=p, be the number of type A, B, C and D backpacks made
Mazimise P=bx, +7x +6x; +9x;
Subject to:

2.5x, +3xp + 25+, +7 =1400

10x, +12x +8x, + 152, +5 = 3000
Sxy T +Ar, + 50 +2 =400

XaaXp, XL g, et 20
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Exercise A, Question 3

Question:

Formulate the following problem as a linear programming problem. You must define
vour variables, state vour objective and write vour constraints as equations.

The annual subscription to a bowls club iz £40 for adults £10 for children and £20 for
SENIOTS.

The total number of members 15 restricted to 100,

At most half the club must be children and at least a third must be adults.

The club wishes to mazimise its incotme.

Solution:

Let x,,x; and x be the number of adults, cluldren and senior members
Mazimise P=40x, +10x, +20x,

Subject to:
Xyt xR +x +r =100

—E, tx —xts= 0 1
e ik R s L
—2r,tx tx+i= 10 2
XL X roet=l 1 1 1
PRl ER R —xp S XpFox
2 e 2

1
Ay 2§[XA+XC +x5)
3x, 2x, xR
2%, 2 xotx

Iptx,—2x, =0
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Question:

Formulate the following problem as a linear programming problem You must define
your variables, state your objective and write your constraints as equations.

Wilrs Brown was rather alartmed to discover from her children at bedtime that (a weel
ago) they had promised she would malke at least 100 small calkes for a cake zale at
school the next day. Mot wishing to let her children down, she puts the owen on and
checks her cupboards and finds she has 3 kg of flour, 2 kg of butter and 1.5 kg of
sugar, as well as other ingredients. Mrs Brown finds three cake recipes for rock cakes,
fairy cakes and muffing. The recipe for rock cakes uses 220 g of flour, 100 g butter
and 50 g sugar and makes 8 cakes. The recipe for fairy cakes uses 100 g each of flour,
kutter and sugar and makes 18 cakes. The recipe for muffine uzes 250 g of flour, 50 g
butter and 75 g sugar and makes 12 muffine. Each bateh of rock cakes, fairy cakes and
muffins take 10 minutes, 20 minutes and 15 minutes respectively to prepare.

Mrs Brown wishes to minimise her preparation time.

Solution:

Let =, x and xp bethe number of batches of rock cakes, fairy cakes and muffin
made.

Minimise T=10x +20x +15x,

Subject to:

220 +100x +250x, +» = 3000

100x +100x +50x, +5 = 2000
S0x 4100 +75x, +£ =1500
Bx +18x +12x, —u =100

XXX e ekn 20
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Question:

Formulate the following problem as a inear programming problem. You must define
vour variables, state your objective and write your constraints as equations.

Eoma iz mowing house. She needs to pack all her extensive collection of china into
special cardboard boxes which will be zold to her by the removwal company. There are
three sizes of box, small, medium and large The small boxes have a capacity of

0.1 m® and will held a maximum of 3 kg The medium boxes have a capacity of 0.3 m°®
and will hold a mazimum weight of 8 kg, The large boxes have a capacity of 0.7 m?
and will hold a maximum weight of 158 kg An expert from the removal company
informs her that she allew for at least 28 m? packing capacity and for at last 600 kg,

Eoma decides that at least half of the boxes she uses should be small and that she
should use at least twice as many medium as large.

=he will be able to fill the boxes she buys and the cost of each small, medium and
large biox 15 30p, S0p and B0p,

Foma wishes to minimise the cost of the boxes she buys.

Solution:

Let x,.x, and x bethe number of small, medivm and large boxes.
Minimise C=103x,+05x, +0.8x

subject to:
% +3x, +7xn—r =280

1
3x, +8x, +18x— s :600.// 2 (atnn)
—xtx, txti =0 Iz

s =X T
—xy, +2x+u =0 X, tm-x =0
b s I oAl e PR \
=
2n—xn, =0

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\d2_ 4 a 5.t 3/11/201.



Heinemann Solutionbank: Decision Mathematics . Pagel of 1

Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 1

Question:

=olve thiz linear programming problem using the simplex tableau algorithm.

Mazimizse P=5x+6y+4dz

subject to
x+2y+r =6
Sx4+3y+3z4s=24
xyzre 20
Solution:

bv. | x | » | =2 |#|&|wvalue | & values
r 1 [ ()] o [1]0 & 3%
g 5 33 (0] 24 g
F|l-=5|-6]-4]|0]0 0
T
bv | x |»y]| =z # | 5| value | Bow operations
¥ 1110 1 |0 3 Ri1+2
5 5
s | 7|0 @ -3 11| 15 E2-3R1
2 2
F|-2|0|-4] 3 |0] 18 E3+6R1
bw | x |¥w|z]| »r | & |wvalue | BEow operations
¥ 1T ({1101 0 3 E1 (no change)
2 2
z [FO]1f-1]1 5 E2+3
& 2|3
Fleg|ojo]l 1 4] 38 E3+4E2
3 3

F=38 =0 y=3 z=5 r=0 =0
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Exercise B, Question 2

Question:

wolve this linear programming problem using the simplex tableau algorithim.

Maximise F=3x+4y+10z
subject to
x+2y+2z+r =100

x+dz+s =40
rovzre2l

Solution:
kv | x | » z | r|e&|value | & values
F 1 2 2 1|0 100 a0
s 1 0 [ (4)[0]1] 40 10*
Fl-3]4]-10|0]0 0
kv | x | ¥ |z|r]| & |value | Eow operations
F 1 2 |0|1] -1] &0 E1-2E2
2 Fi
z 1 o ]11y0] 1 10 R2+4
4 4
Fl-1|-4(0]0] 3 100 E3+10E2
2 2
bv | x |¥|z]| r | & [walue | Eow operations
¥ T)1]0]1-1] 40 El+2
4 2|4
z Tf(of1fo]1 10 | B2 (oo change)
4 4
Follyofo)p 2| s 260 E3+4E1
2 2
F=260 x=0 y=40 =z=10 r=0 z=0
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Exercise B, Question 3

Question:

solve thiz linear programming problem using the simplex tableau algorithm.

Mazimise F=2x4+2v+22

subject to
Ax+dy+oz+r=10

x+3y+10z+5 =3
x—2y+i =1
xyzret =0

Solution:
bw | x| » | 2 |r|e&]|f|wvalue & walues
r ki 4 1 5|1 of 10 2.0
g 1 @ 10 1({0 .l IE*
3
£ 1 | -2 00|01 1 negative pivot
F|l-5|-5|-2]0]0 0
bw | x |¥| = & | ¢ | value | Eow operations
A 0 —_25 1 j 0 E E1-4E2
3 ki
yop1i 11w 01 o) 35 Ez+z
3 3 3 3
T 150 20 (0 2 |1 13 E3+2E2
2 3 3 3
P40 44 1005 (0] 25 E4+5E2
3 3 3 ]
b x ¥ z r & i value | Fow operations
x 1 0 -5 3 —4 0 8 !
= 2 i it
3 3 3
¥ 0 1 3 il 3 0 1 RE—lRl
) 5 3
4 0 0 15 -1 2 1 1 R3—§R1
F 0 0 8 4 3 0 11 R4+iR1
5 5 3
P=11 z=2 y=1 z=0 r=0 z=0 =1
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Exercise B, Question 4

Question:

solve thiz linear programming problem using the simplex tableau algorithm.
Mamimise FP=2x4+6y4322

subject to
x+év+2dz4+r =672

x+y+2dz4s =356
x+3y+16z4: =168
2x4+3y+32z4n =352

xy.zr s bzl

Solution:
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bw | x ¥ Fle |t || value | & values
r 1 & | 24 | 1|0(0|0] &72 28
5 3 1 24 |01 |ofo] 336 14
i 1 3 ofo]1|0| 168
@ 10%*
5 2 30 32 |00 1] 332 11
Fl-3|-6|=-32|0/0[0]0 0
bw | x ¥y |z g| ¢ |u|value | row operation
Pl -1 3 |0 o =3 | 0] 420 E1-24E3
2 2 e
g -7 |0 1) -3 |0 =4 E2-24E3
2 2
z 1 I 1fofo] 1 |0 21 E3+16
16 | 16 16 2
& o | =3|0jof0of-=21]1] 1& E4-32E3
Fl-1| 0o jojof0o] 2 |0] 33 Eo+32E3
bv x| ¥ |z s ¢ | x| value | Bow operations
ro |0 1 (0 1 | =210 948 R1+1R2
3 3 2
x (1] 7|0 2 =1 0] 36 R2+E
3 3 2
z |0 1 -1]1 of 7 R3—iR2
24 | 8 16
w |0 -3 |0 0| -211] 16 | E4(MNe change)
F|lol =70 2 1 |0 292 ES+R2
] 3
bv |x|y]| =z s £ 1 | value | row operations
P00l -1 E ﬁ o 441 R1—1R3
8 8 3
x 1|0 7 3 -1 10] 105 ED +ER3
B 5 2
y |01 3 = 310 21 R3+l
8 8 2
g (0|0 2 =3 7|1 78 E4+3E3
8 a
FPojolo| 7 3 15 (0] 441 R5+1R3
8 5 3

F=441 z=105 y=21 z=0 r=441 =0 (=0 x =73
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Exercise B, Question 5

Question:

solve thiz linear programming problem using the simplex tableau algorithm.

Meamimize F=4x+53x, +2x;, +35,
=ubject to
n+dx + 53 45, +r =95
2 tr, +E2x+3x, +5 =67
ntEx, tEx+2x, +1 =775
3m tExy a2, tu =772

b oW S SO - PR R

Solution:
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bow | x| omy | ®Z | x5, | r| 8| f | u | value | & values
r 1 41 2 1 (1j0oj0ojo| 95 95
g 2 1 & a|oflfojo] &7 635
¢ 1 32| 2 2 |ofof 1o 75 7o
u [(3)] 2 1 2 |ofjofoj1] 72 24
Fl4|-3|-2|-3|0jojojo|l 0
bv | x| x| x x | r|s|i| u |value | Row operation
r || & 1 |1 of-11 71 E1-E4
3 3 3 3
g 0 -1/ f of1)0 = 19 E2-2E4
3 3 3 2
¢ o7 3 4 ool -1] 51 E3-ER4
3 3 3 i
| 1] 2 1 2 10j0)0(1 24 E4+3
3 3 3 3
Flo|l-1|-=2|-1|0|0(0f 4 26 E5+4E4
3 i
bw | x| & | x| & |7 & | £] u |value | Eow operation
r 0 @ o -3 -2 | 0] 1 33 R]_ng
w0 [T [0]2 0|2 7| 2.t
4 4 4 & 4 2
AR E B
4 4 4 2 4 2
x| 1301 (o)1 001 7 R4—1R2
4 4 4 2 3
PO [ 1[0 1[0 [ 20| gouln
2 2 2 2
[ - A - A I S F g | ¢| u |walue | Eow operation
o010 —_3 l —_1 0 l E E1+4
4 < 2 < 4
s O[O T[T L5022 | morin
16 16 n 16 16 4
CO OO 2 [T 113 B gy
16 16 8 16 16 4
m |00 B3 [L1]0] 529 pa gy
16 | 16 a 16 16 <
PO 2 2 (L [0 2 B0 | morim
8 5 4 3 ] 2
8 16 4 16 16
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Exercise B, Question 6

Question:

For each ofthe abowe questions 1 to 5:

a werify, using the original equations, that your solution is feasible,

b write down the final set of equations given by your optimal tableau,

¢ use the profit equation, written in part b, to explain why your solution is optimal.

Solution:
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For QF
g F=5x+6y+42 P=5+6(3+4(5) =38
x+iy+r =156 O+2(54+0=46
Sx4+3y+324+5=24 SO +ED+3(3+0 =24

P+12x+r+%s =34
1 1
—xit+y+—r =3
2 2

1
—x+z—=r+=-5=3
2 3

)
c FP=38-12x-r —%s 50 increasing x, » or & would decrease P,

Far (2

a  P=3x+4y+10z = 3(0)+4(10)+10(10) = 260
X+2y+2z+7 =100 = 0+ 2(40)+2(10)+0 =100
x+dz+5=40 = 0+4(10) + 0 =40

] P+lx+2r+és=260
2 2
lx+_)?+l.?"—ls = 40

4 2 4
lx+z+ls =10
4 4

1

c F=260—-—x- Zr—gs, go increasing x, 7, of & would decrease P
For (3

a P=3x+5y+2z =32 +5(1)+200)=11
3x+dy+5z+r=10 = 3(2) +4(1)+5(0) +0 =10
x43y+10z+5=5 = 243(1)+10(0)+0 =5
x-2y+t=1 =2-2()+1=1

4 3
b —rt+lg=
P+Bz+5r+55 11
x—5z+§r—ﬂs =2
> 2

y+5z—%r+§5=l

loz—r+ 25+ =1

c FP=11-8=z —-%r - %s, go increasing z, r or & would decrease P,

Far (4
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a F=3x46y+32z = 3105 4+6(21)+ 22(0) = 441
x+6y+24z +r =672 = 105+ 6(21) + 24(01 +441=672
x4+ y+24z+5=336 = 3(105)+21+24(0)+0 =336
x+3y+16z+:=168 = 105+ 32D +16(0)+0=168

2x+3y+32z+u =352 = 2(109+ 321+ 32(H+79= 352
b P+TZ+ES+%E =441

—z+r+§s—£ﬁ =441
8 a
A
x+7z+-5—-=¢ =105
g 8
1 3
+3z——s+=f =121
& 2 2
92—53—1£+u =79
8B

c FP= 44]—?2—53—23 . 80 increasing £, & or £ would decrease F.

For 05

3 P=dx+3x,+2%+3%, = 4[%}3[%}2[@}3(0) Bl
16 4 16 8

ntdxn+ig+x+r=59 = %+4(1—3]+3(%J+(0]+0= 95

208 33 261
2x1+x3+2x3+3x4+5“~=6?=>2[d—~]+[—J+2['—~]+3(0}+0=6?
16 4 16
o +3x, 4+ 2x +2x, +E=775 :‘>£+3 % +2 E +2(U)+E=?5
16 4 16 16
Imtintn+in tu="72 iB(@]+2(§]+[@J+2(D}+U=?2
16 4 16
b 1 1 1 9 ard
Pr-mn+-—r+—s+-u=—"
8 4 8 a
3 1 1 1 33
- iy For——gt-—u ==
17 1 3 af 261
Lt—Xi+—rt=—=— =—
16 16 8 1& 16
| 11 1 41 73
— Xy —t+—-sti-——u =—
16 16 &8 48 16
13 3 1 ] 209
Ht—X ——r+—+—u =—
16 16 8 16 16
C P=@—lx4 —lr—ls——u . 30 increasing, x,, 7 & or 4 would decrease F.

B8 8 4
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Exercise C, Question 1

Question:

In a particular factory 3 types of product, &, B and C, are made. The number of each
of the products made 15 x, ¥ and z respectively and F is the profit in pounds. There are
two machines invelved in making the products which have only a limited time
available. These time limitations produce tweo constraints,

In the process of using the sitnplex algorithm the following tableau iz obtained, where
rand ¢ are slack variables,

Basic variahle x ¥ I s 5 | Value
z 1 0 1 -5 1 73
2
¥ o 1 0 17 0 56
11 11
F 3 0 0 2 0 840

a 3ive one reason why this tableau can be seen to be optimal (final).

b By writing out the profit equation, or otherwise, explain why a further increase in
profit is not possible under theze constraints,

¢ From this tableau deduce
i the maximum profit,
ii the optimum number of type 4, B and O that should be produced to maximise

the profit.

Solution:

a There are no negative numbers in the profit row.

b P+Ex+zr=840
2 4
2o P=84U—Ex—gr
2 4
Increasing x or » would decrease F.
¢ i Mazimum profit = £2340
i Optimum number of A =0, B=56 and C=75
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Exercise C, Question 2

Question:

A eweet manufacturer produces packets of orange and lemon flavoured sweets,
The manufacturer can produce up to 23 000 crange sweets and up to 36 000 lemon
sweets per day.

=mall packets contain 5 orange and 5 lemon sweets.
Medium packets contain 8 orange and & lemon sweets.
Large packets contain 10 orange and 15 lemon sweets.

The manufacturer makes a profit of 14p, 20p and 30p on each of the small, medium
and large packets respectively. He wishes to maximise hiz total daily profit.

Tze x, ¥ and z to represent the number of small, medium and large packets
respectively, produced each day.

a Formulate thiz information as a linear programming problem, making wour
objective function and constraints clear. Change any inequalities to equations using
7 atd & as slack variables.

The tableau below iz obtained after one complete iteration of the simplex algorithm,

Basic variahle x | ¥ |z]| r 5 Value
F 1 24 |0 1] 2 1000
3 3
z 1 2 |10 1 2400
3 5 15
F -4 | -8B |0 | D0 2 | 72000

b Start from this tableau and continue the simplex algorithm by increasing 3, until
you have either completed two complete iterations or found an optimal solution

From wour final tableau:
¢ 1 write down the numbers of small, medium and large packets indicated,
1 write down the profit,

iii state whether thiz iz an optimal selution, giving vour reason, [#]

Solution:

file://C:\Users\Buba\kaz\ouba\d2 4 c 2.f 3/11/201.



Heinemann Solutionbank: Decision Mathematics . Page2 of 2

a Maxzimize F=14x+ 20y +30z
mubject to:
Sx+8y+10z4» = 25000

Sx+6y+1oz4+s5 = 36000

where r and = are slack variables x, v,z 7,820

b
kv | x | ¥ |z|r]| & value
F 1E @ o]l _2 1000
i 3
z 12110 1 | 2400
3 5 15
F |l -4 |=-8|0|0| 2 |72000
kv | x |¥|:z » ] value | Eow operation
¥ sy1(of 1 1 250 E1-4
2 4 &
z l o1 1 3 2300 RZ—ERI
& m | 15 5
gz on 2 | 74000 E3+3R1
3 &
bw x| » |z]| » g WValue | Eow operations
x |1 22 of 3 |_2 &00 B1s =l
3 5 5 12
z |0 _E 1 _l l 2200 R2—1R1
5 5| &
2 |9 20 2| & | B paeim
5 5] 5 3

c i x=600y=0z=2200
i Profitis=£744
iii The solution iz eptimal since there are no negative numbers in the profit row.
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Exercise C, Question 3

Question:

Tables are to be bought for a new restaurant. The owners may buy small, medium and
large tables that seat 2, 4 and 6 people respectively.

The owners require at meo st 20% of the total number of tables to be medium sized.

The tables cost £60, £E100 and £160 respectively for small, medium and large. The
owners have a budget of £2000 for buying tables.

Let the number of small, medinm and large tables be x, ¥ and = respectively.

a Write down 3 inequalitiez implied by the constraints. Simplify these where
appropriate.

The owners wish to maximise the total seating capacity, &, of the restaurant.

b "Write down the objective function for 5 in terms of x, vy and z.

¢ Explain why it 15 not appropriate to use a graphical method to solve this problem.

It 15 decided to use the simplex algorithm to solve this problem

d Show that a possible initial tableau iz

Bagsic variable | x ¥ I P £ Value
r -1 4 -1 ]1 0 0
¢ 3 2 8 0 1 100
Ry -2 | -4 -5 |0 0 0

It iz decided to increase = first.

e Show that, after one complete tteration, the tableau becomes

Basic variahle x ¥ I s 3 Value
r i | o 0 1 1 24
3| 8 8| 2
¢ 3 5 1 ] 1 25
g | 8 3 | 2
Ry 1 1 0 1] 3 73
4 4 4

f Perform one further complete tteration.
g Explain how wou can decide if your tableau is now final.
h Find the number of each type of table the restaurant should buy and their total

cost, [£]

Solution:
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l r+y+zizy = —x+dy—z =0
5

E0x+100y+160z < 2000 = 3x+5y + 8z =100
x=20y =20 z=10

b S=Zx+dy+éz

¢ There are three variables.

d
bv | x| » | 2 |r]|¢]|value
Fol-1] 4 ]-1]1|0 0
£ 35 [®][o]1] 100
S| -2] 4| -6]10]0 0
e
bw | = ¥ |z|r| ¢ |vwalue | REow operations
e =D 42 o1 1 ]21 R1+E2
8 ! B 2
z 3 S|Tpopt ]21 E2+8
] 8 g 2
Ry 1| 1 (0pop3| 75 E3+6E2
4 4 4
f
bow, x |yl=z| » ¢ | value | Eow operations
Yol (1oL 52 R1-42
37 =7 37 37 ]
S P B b el S o R
37 37| 37 37 g
2 o PRI 2 el ?5§ R3+1R1
37 =7 37 37 4

g There are no negative numbers in the objective row.

h 0small, 2 medium and 11 large tables (seating 747 at a cost of £1960
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 4

Question:

Euddly Pals Co. Ltd make two types of soft toy: bears and cats. The guantity of
material needed and the time taken to make each type of toy 15 given in the table.

Toy | Material | Time (minutes)
(m?)
Eear 0.05 12
Cat 0.08 8

Each day the company can process up to 20m” of material and there are 48 worker

hours available to assemble the toys.
Let x be the number of bears made and v the number of cats made each day.

a =how that this situation can be modelled by the inequalities
Sx4+8y = 2000,

Ix 42y =720,
i additionte x20, w20,

The profit made on each bear 15 £1.50 and on each cat £1.75 Euddly Pals Co. Lid

wizshes to maximise its daily profit.

b Setup an initial simplex tableau for this problem.
¢ Solve the problem using the simplex algorithm.

The diagram shows a graphical representation of the feasible region

vk
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e X
.
‘o
S N
" Y
%
=5 C
s
o
o
\ -
\ Jd,
. -~
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\, .
N, e
kY S }
0 D E x

d Eelate each stage of the simplex tableau to the corresponding point in the
diagram. [£]

Solution:
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a Maierial

(x100) 0.05x+0.08y <20

Sx+8y <2000
Time (+4) 12x +8y < 2880

Ax42y =720
b
kv x ¥ # | & | value
r 5 (8) [1]0] 2000
g 3 2 of 1| 720
P l-15|-175 0|0 0
c
b  |v| r | s| wvalue | Eow operations
r 5 11 1 [0 250 El1+8
8 8
g 13 0] 11| 220 k2
4 4
i i Ul 2 [0 437"l RE—lERl
32 32 2 4
bw |x|v]| r 8 wvalue | Fow operations
A 1 o e [ | TR 205
14 14 7 8
B (el 2| ek | H | g R212
7 7 7 4
£ (&0 E E -488i E3- IERE
o6 56 it 32
. . 5 3
¢ Optmal solution x=1255 ¥ =171¥

Integer solutions needed, so point testing gives x =126 » =171

d The first point is A if ¥ is increased first
(Df x 15 increased first),
The zsecond point 1z O
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Exercise C, Question 5

Question:

A clocksmith makes three types of luzury wristwatch. The mechanism for each watch
1z assembled by hand by a skilled watchmaler and then the complete watch 15 formed,
weatherproofed and packaged for zale by a fitter.

The table shows the times, in minutes, for each stage of the process,

Watch | Watchmaler | Fitter
type

A o4 &l

E 72 36

& 36 48

The watchmaker works for a maximum of 30 hours per week and the fitter for a
mazximum of 25 hours per week.
Let the number of type &, B and C watches made per weelk be x, v and z.

a Show that the above information leads to the tweo inequalities

3x+4y+ 2z =100,

Sx+3v+4z =125
The profit made on type A, B and C watches 12 £12, £24 and £20 respectively.

b Write down an expression for the profit, P, in pounds, in terms of x, v and =.

The clocksmith wishes to maximise his weekly profit It iz decided to use the simplex
algorithm to solve this problem.

¢ Write down the initial tableau using » and & as the slack variables

d Increasing y first, show that after two complete iterations of the simplex algorithm
the tableau becomes

Basic variahle x |y r|r 5 Value
¥ 1 1 0|2 1115
5 5 5
z 11 |0 I 2 20
10 0|5
= 0 0 ] 16 | 760
H e

e Give a reason why this tableau is optimal (final),
f “Write down the numbers of each type of watch that should be made to maximise
the profit. State the maximum profit [£]

Solution:
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a Watchmaler
Sdx+ 72y + 36z = 1800

{+418)
Ax+dy+2z <100
Fitter
E0x 436y +48z =1500
(+12) x ¥ z

Sx+3v+4dz =125

h FP=12x+24y+ 20z

bw | =x ¥ z | r|e&|value
F 3 (4) 2 | 1[0 100
8 5 3 4 [0]1] 125
Fol-1z|-24|=-20|0]|0 0
d
bw | x |y]| =z r | & | value | Fow operations
¥ 2011 110 25 El1-4
4 2 4
g 22 0 @ ) 1] 350 E2-3R1
4 4
£ 6 |0 =8| & |0 &00 E3+24R1
bow x |ylz| r & | value | Raw operations
% | s (R e (RN e
5 ] 5 2
z nopop1 39z 20 RO+ 21
10 10| & 2
F 14i oo 3 31 760 E3+58E2
3 5 5

e There are no negative numbers in the profitrow
f Type A =0 Type BE=15 Type C=20
Profit=£760

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\d2_4 c 5.f

Page2 of 2

3/11/201.



Heinemann Solutionbank: Decision Mathematics :

Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise C, Question 6

Question:

A craftworker malees three types of wooden animals for sale in wildlife parkes. Each
animal has to be carved and then sanded.
Each Lion talces 2 hours to carve and 25 minutes to sand.

Each Giraffe takes 2% hours to carve and 20 minutes to sand.

Each Elephant talkes 1% hours to carve and 20 minutes to sand.

Each day the craftworker wishes to spend at most 3 hours carving and at most 2 hours
sanding.

Let x be the number of Lions, ¥ the number of Giraffes and z the number of Elephants
he produces each day.

The craftworker makes a profit of £14 on each Lion, £12 on each Giraffe and £13 on

each Elephant. He wizhes to mazimize his profit, F.

a Model this as a linear programming problem, simplifiring your expressions so that
they have integer coefficients.

It iz decided to use the simplex algorithm to solve this problem.

b Ezxplaining the purpose of 7 and &, show that the initial tableau can be written as:

Basic variahle x ¥ I » 5 Value
F 4 ] 3 1 0 16
4 < & 0 1 24
F 14 |1 -12]1-13] 0 0 0

¢ Choosing to increase x first, work out the next complete tableaun, where the x
column includes two zeros.
d Explain what this first iteration means in practical terms. [&]

Solution:
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a Maximise P=14x+12y+13=

subject to:

Carving 2x+25y+15z =8 =4x+5y+32 =16
sanding 29x 4+ 20y 430z =120 = Sx+4v+bz =24

xyz =0

b rand s are numbers which indicate the slack time

Profit: P-14x-12y-13z=10

Constraints:

dx+oy+3z+r =16
Sx+dv+bz+s=24

bv | x ¥ z | r|&|value
ro| (4) 5 3010 16
g 5 4 6 |01 24
Fl-14|-1z|=-13|0]|0 0
c
bwv [x]| ¥ z r | & | value | Eow operations
x |1 E E l o] 4 El1+4
4 4 4
s |0 B 8|51 4 E2-35E1
4 4 4
P01 ST 10 56 E3+14E1
2 2 2

d From a zero stock situation, if we increasze the number of lions to 4, we are

increasing the profit from 0 to £36
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