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

Question:

The table shows the unit costs of transporting goods from supply points to demand
points. In each case:

a use the north-west corner method to find initial solution,

b werify that, for each solution, the number of occupied cells =number of supply
points +number of demand points —1.

¢ determine the cost of each initial solution

P 0} R Supply
A 150 213 222 32
E 175 204 218 44
C 188 193 246 34
Demand | 23 45 37
Solution
a
P 1Q |E | Supply
A 23| 4 32
B 4113 |44
Z 34| 34
Demand | 28 | 45| 37| 110

b Supply points =3, demand points =3, ocoupied cells=25.
34+3-1=5=number of cccupied cells. Yes formula holds,

T D | R Supply
A 150 | 213 | 222 | 32
E 175 | 204 | 218 | 44
C
D

188 198 | 246 | 34
emand | 28 [45 | 37 | 110

t Cost=28x15044=2134+41x204 +3x2184+534 = 246 = 22 434
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 2

Question:

The table shows the unit costs of transporting goods from supply points to demand
pointz. In each casze:

a use the north-west corner method to find initial solution,
b werify that, for each solution, the number of occupied cells = number of supply
points +number of demand points —1.

¢ determine the cost of each initial selution.

P Q R b Supply
A 27 33 34 ] 4 54
E a1 29 37| 30 &7
C
D

40 32 28 | 35 29
emand | 21 32 51 | 46

Solution
a
P IQ|E |5 | Supply
A 21221 24
E S0 17| &7
C 29 29
Demand | 21 [32] 5146 ] 150

b Supply points =3, demand points =4, occupied cells=6.
24+4-1=6=number of cccupied cells. Yes formula holds.

PIQIE [5 | Supply
& 23133 34|41 34
B 3129 37|30 67
Z
D

40| 32| 28| 35| 29
emand | 21| 32| 51| 46 | 150

¢ Cost=21x27 +32x353+1x 34+ 50 37 +17 % 30+ 25 x 35 = 5032
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Exercise A, Question 3

Question:

The table shows the unit costs of transporting goods from supply points to demand

pointz. In each case:

a use the north-west corner method to find initial solution,
b werify that, for each solution, the number of cccupied cells = number of supply
points +number of demand points —1.

¢ determmine the cost of each 1mitial selution.

P Q R Supply
A 17 24 19 123
B 15 21 25 143
C 19 22 18 24
D 20 27 16 150
Demand | 200 100 200 500
Solution:
a
P D | R Supply
A 123 123
E 77| 66 143
C 34 | 50 | 84
D 150 | 150
Demand | 200 | 100 | 200 | 500

b Supply points =4 |, demand points =3 Ocoupied cells= 6.
44+3-1=6=number of occupied cells. Tes formula holds

P o | R supply
A 17 |24 |19 | 123
B 15 |21 |25 | 143
iZ 19 (22 |18 | &84
D 20 127 | 16 | 130
Demand | 200 | 100 | 200 | 500

¢ Cost =123x17+ 77 15+66x 214+ 34« 224+ 5018 +150x16 = 8680
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise A, Question

Question:

The table shows the unit costs of transporting goods from supply points to demand

4

pointz. In each case:

a use the north-west corner method to find initial solution,
b werify that, for each solution, the number of cccupied cells = number of supply
points +number of demand points —1.

¢ determmine the cost of each 1mitial selution.

P 0 R 5 | Supply
A o6 | 86 | B0 | &1 1324
B 29 | e | TE | &5 203
C &2 | 70| 57| &7 176
D &0 | 68 | 75 | 71 187
Demand | 175 | 175 | 175 | 175 700
Solution:
a
I 2 | R = Supply
A 134 134
E 41 | 162 202
C 13 | 163 176
I 12 | 175 | 187
Demand | 175 [ 175 175 175 | 700

b Supply points =4, demand points =4 |, occupied cells =7
d4+4-1="7=number of occupied cells. Yes formula holds.

T o | R = Supply
A 26 | B6 |80 |61 | 134
B 29 |76 |78 |65 | 203
Z 62 |70 | 57 | &7 | 176
D &0 |68 |75 |71 | 187
Demand | 175 175 175 | 175 | 700

C Cost =134 =56 +41x08 +162x 7o+ 15370+ 163x57 +12x75+175 =71

=45761
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 5

Question:
A|B|C | D|Supply
X 2T 33| 34| 4 &0
Y 31| 28| 37| 30 &0
Z 40 | 32| 28 | 35 20
Demand | 40 | 70 | 50 | 20

Four sandwich shops A, B, C and D can be supplied with bread from three balkeries,

3, Y, and Z. The table shows the cost, in pence, of transporting one tray of bread from

each supplier to each shop, the number of trays of bread required by each shop and the

number of trays of bread that can be supplied by each bakery.

a Ezxplain why it 15 necessary to add a dummy demand point in order to solve this
problem, and what this dummy point means in practical terms.

b TI:ze the north-west corner method to determine an initial solution to this problem
and the cost of this solution

Solution:

a The total supply 15 200, but the total demand 12 180, A dummy iz needed to absorb
this excess, so that total supply equals total demand.

h
A |B | C[D | Supply
e 2733|334 (41|60
T 31| 29| 37| 30| &0
Z 40| 32| 28| 35| 80
Demand | 40| 70| 50| 20
Eecomes
A B | C |D | Dummy | Supply
X 21133341410 &l
i 31129 37]30(0 &l
A 0| 32| 28| 25| 0 &l
Demand | 40| 70| 50| 20| 20 200

MNorth-west corner solution 13

LB | C | D | Dummy | Supply
X 40| 20 &0
i a0 10 &0
Z 40| 20| 20 a0
Demand | 40| 70| 50 | 20| 20 200

Cogt =40x 274+ 20x334+50 = 204+ 10 =237 +40= 284+ 20 =354+ 20=x0=5 380
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Exercise A, Question 6

Question:

K L M | N | Supply
A 35 | 46 62 | &0 20
B 24 | 53 | 73 | 52 15
C &7 | 61 50| 65 20
D
D

B2 a1 41 | 42 20
emand | 25 10 18 | 22

& company needs to supply ready-mized concrete from four depots &4, B, C and D to
four work sites K, T, M and W The number of loads that can be supplied from each
depot and the number of loads required at each site are shown in the table above, as
well as the transportation cost per load from each depot to each work site.

a Ezplain what 1z meant by a degenerate solution.

b Demonstrate that the north-west corner method gives a degenerate solution

¢ Adapt your selution to give a non-degenerate initial solution.

Solution:

a A degenerate solution occurs when the number of cells used in a solution 15 fewer

than the number of rows + number of columns — 1. It will happen when an entry,

other than the last, completes both the supply requirement of the row and the
demand requirement of the column.

h
E|[L [M]|N | Stock
Fi 20 20
E 5 |10 15
3 1812 |20
D 20| 20
Demand | 25 [ 10| 18] 22
C
EI[L [M]|N | Stock
A 20 20
E 5 |10 15
2 o | 18|12 |20
D 200 20
Demand | 25| 10| 18| 22
or
E|[L [M]|N | Stock
Fi 20 20
E S 100 15
5 1812 |20
D 20| 20
Demand | 25| 10| 18] 22
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise A, Question 7

Question:
L M N | Supply
P E 5 9 22
0 4 k] i e
R & 4 8 11
8 2 2 5 &
Demand | 15 17 20

The table shows a balanced transportation problem. The initial solution, given by the

nerth-west corner method, iz degenerate,

a Tsze this information to determine the values of @ and &

h Hence write down the initial, degenerate solution given by the north west-corner
method.

Solution:
L | MW | Supply
F 305 (9 |22
Q) 413 |7 |a
E & |4 [ 8 |11
= 812 |5 |&
Demand | 15 17| 20

a 3Since the problem iz balanced the total supply =the total demand, giving

a+h+22411=15+17420
hence & +5=19(1)

since the initial north-west corner solution 15 degenerate we know that the supply and
demand are both met before the final entry.

(Since 224+a4+11=15417 we know that thiz must ocour before row 3)

Hence 224+a=154+17, giving a =10
TTzing equation (1) we get A =9
o the values are: @ =10 and =9

h
M| N | Supply
% 1517 22
Q) 10 10
E 11] 11
= 9 19
Demand | 12 17| 20
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise B, Question 1

Question:

start with the initial, north-we st corner, solutions found in question 1 of exercise 14
In each case use the initial solution, and the original cost matrix, shown below,

to find
a the shadow costs,

b the improvement indices
¢ the entering cell, if appropriate.

P J R | Supply
A 150 213 | 222 32
B 175 204 | 218 44
C 188 | 198 | 246 34
Demand | 28 | 45 37
Solution:
a
shadow costs 150 213 | 227
F Q) E supply
0 A 150 213 | 222 | 32
-9 E 175 204 | 218 | 44
13 iZ 188 | 198 | 246 | 34
Demand | 268 |45 | 37 | 110

b Improvement indices for cells:

EF =175+5-130=34
CP =188-19-150=19

TR =198-19-213=-34

AR =222-0-227=-5

¢ Entering cell 1z COQ, since 1t has the most negative improvement index
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise B, Question 2

Question:

start with the initial, north-we st corner, solutions found in question 2 of exercise 14
In each case use the initial solution, and the original cost matrix, shown below,

to find
a the shadow costs,

b the improvement indices
¢ the entering cell, if appropriate.

P | Q| R | 8 | Supply
A 27133344 54
B A1 | 28 37| 30 &7
L 40 | 32 | 28 | 35 28
Demand | 21 | 32 | 51 | 46
Solution:
a
shadow costs 2T 33| 34| 27
PIQE [5 | Supply
] A 273334141 24
3 E 31| 2% 37 30|67
2 & A0 [ 32| 28| 33| 2%
Demand | 21| 32| 51| 46

b Improvement indices for cells:

BF =31-3-27=1
CF =40-8-27=5
B=20-3-33=7

CQ=32-8-33=-9
CE =28-8-34=-14
AS=41-0-27=14

¢ Entering cell 13 CE, since it has the most negative improvement indesx
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise B, Question 3

Question:

start with the initial, north-we st corner, solutions found in question 3 of exercise 14
In each case use the initial solution, and the original cost matrix, shown below,

to find
a the shadow costs,

b the improvement indices

¢ the entering cell, if appropriate.

P 0 R Supply
A 17 | 24 | 1% 123
B 15 | 21 | 25 143
C 19 | 22 | 18 24
D 20| 27| 16 150
Demand | 200 | 100 | 200
Solution:
a
Shadow costs 17 125 | 19
P o | R Supply
0 A 17 [ 24 | 1% | 123
-2 B 12 |21 | 25 | 143
-1 & 19 122 | 18 |84
-3 D 20 127 | 16 | 150
Demand | 200 | 100 | 200

b Improvement indices for cells:

TP =19+1-17=3

DF = 20+4+3-17

=6

AQ=24-0-23=1
DQ=27+3-23=7

AR =15-0-15

=0

BE = 25+2-1%=8

¢ There are no negative improvetnent indices, so the solution is optitmal.
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise B, Question 4

Question:

start with the initial, north-we st corner, solutions found in question 4 of exercise 14
In each case use the iitial solution, and the original cost matrix, shown below,

to find
a the shadow costs,

b the improvement indices
¢ the entering cell, if appropriate.

P 0 R b Supply
A 56 | 86 | B0 61 134
B 59 | 76| T8 65 203
C 62 | 70| 57 67 176
D 60 | 68 | 75 71 187
Demand | 175 | 175 175 | 175
Solution:
a
Shadow costs 56 | 73| &0 | 56
P o | R = Supply
0 A S6 [ 86 | 80 [ &1 | 134
3 E 28 [ 76 | TB |65 | 203
-3 @ G2 [7F0 | 57 | &7 | 176
15 D 60 [ &8 | 7S |71 | 187
Demand | 175 | 172 | 175 | 175

b Improvement indices for cells:

TP =62+3-56=19

DP =60-15-56=-11

AQ=86-0-73=13

Li=68-15-73=-20
AR =80-0-60=20

BE =75-3-60=15
AR =61-0-5%%=5
ES =65-3-5%6=¢
23 =67+3-56=14

¢ Entering cell 12 DO, since it has the most negative improvement indesx,
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 1

Question:

Complete vour solutions to the transportation problems from question 1 in exercise
14, Toushould demonstrate that vour solution is optimal.

P Q) R | Supply
A 150 | 213 | 222 32
B 175 | 204 | 218 44
C 188 | 198 | 246 34
Demand | 28 | 45 | 37
Solution:
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P |0 |R

supply

150 213 [ 222 | 52

188 | 198 [ 246 | 34

emand | 28 |45 | 37

A
E 175 204 | 216 | 44
i
L

110

Cur current selution s

IO |E | Supply
A 28| 4 32
E 413 |44
Z 34| 34
Demand | 28 | 45| 37| 110

We established 1n question 1 of exercise 1B that the entering cell was CQ, so we enter
& into cell CO and get the following stepping stone route

PO E Supply
A 28 | 4 32
E 41-8 | 3+8 | 44
iZ g 34-8 | 34
Demand | 28 | 45 37 110

The largest possible value of & 1z 34, making CE. the exiting cell, and giving the

imnproved solution.

Q| E | Supply
& 28] 4 52
B T 37| 44
C 24 34
Demand | 28 [ 45| 37| 110

Thiz gives the following shadow costs:

shadoew costs 150 215 | 227
E Q) E | Supply
] A 150 [ 213 | 222 32
-9 B 175 204 | 218 44
-15 &) 185 [ 198 | 244 34
Demand | 28 | 45 | 37 110

Improwement indices for cells:

BP =175+5-130=34
CP =188+15-150=53
AR =222-0-227=-5
CE = 246+15-227 =34

The zolution 15 not optimal, since we have a negative improvement index and the new

entering cell 15 AR
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We insert & into cell AR and set the following stepping stone route

F Q) E supply
A 281 4-8 g 32
E T+8 | 37-8 44
Z 34 34
Demand | 28| 45 a7 a0

The maximum wvalue of & 1z 4 making AQ the exiting cell
Improwed solution

Pl Q| E | Supply
I E 4| 32
B 11| 33| 44
C 34 34
Demand | 28 | 45| 37| 150
Shadow costs
150 | 208 [ 222
E Q| B | Supply
0 A @ 213@ 33
i B 175 44
—10 c 188@246 34
Demand | 28 | 45 | 37 | 150

Improvement indices

AQ= 213-0-208=5
EP = 175+4-150=25
TP = 188+10-150 =43
CE = 246+10-222=34

since all improvement indices are non-negative we have the optimal solution

Pl Q| E | Supply
A 28 4 32
E 1133 44
C 34 24
Demand | 28 [45] 37| 150

© Pearson Education Ltd 2C
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise C, Question 2

Question:

Complete vour solutions to the transportation problems from question 2 in exercise
14, Toushould demonstrate that vour solution is optimal.

P | Q| R | S | Supply
A 27133 34| 4 54
E 31 (28| 37|30 67
C 40 | 32| 28 | 35 29
Demand | 21 | 32 | 51 | 46
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Pl Q| E| S| Supply
A 2113313441 54
E 31| 22| 37|30 67
iZ
D

401322835 28
emand | 21 | 32| 51 46| 150

Cr current solution from question 2 of exercise 14 13

Pl Q| E| S| Supply

A 210132] 1 54
E S0 17 &7
i 29 29

Demand | 21| 32| 51 | 46| 150

We established in question 2 of exercise 1B that the entering cell was CE, so we enter
& into cell CR and getthe following stepping stone route

PO E = Supply
A 21132 1 54
B S0-8 | 17+8 &7

2 g 23-4 23
Demand | 21 | 32 51 46 150

The largest possible value of & 12 29, making C3 the exiting cell and giving the
improved solution

Pl Q| E| 3| Supply

A 2113211 54
B 21 46| &7
iZ 23 29

Demand | 21| 32| 51 46| 150

Thiz gives the following shadow costs:

Shadow costs | 27| 33| 34 | 27

P|Q|R| S| Supply
0 A @@ 41| 54
3 B |31]29 @ 67
-6 c 4032 35| 29
Demand | 21[32[51 [46] 150
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Improvement indices

AS=41-0-27=14
BF =31-3-27=1

BO=28-3-33=-7
CF =40+6-27=13

CQ=324+6-33=5
CE =3546-27=14

The entering cell must be B, giving the following stepping stone route

F @] E 5| Supply
A 21| 32-8 | 148 24
E g 21-8 | 46 &7
C 29 29
Demand | 21 a2 ol 461 130

The largest possible value of & 13 21, making BE the exiting cell and giving the

following improved solution,

P1QE| 5| Supply
& 21011 22 54
B 21 46 &7
C 29 29
Demand | 21 (32| 51| 46| 150

Thiz gives the following shadow costs

PhysicsAndMathsTutor.com

Shadow costs | 27 | 33| 34 | 34
P|Q| RS Supply

0 A |@)\GI\EH[ 41| 54
4| B |3 37 67
6| C |40]32 35| 29
Demand | 21|32 (51 [46] 150
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TImprovement indices:

A =41-0-34=7
BP =31+4-27=8
BR =37+4-34=7
CP =40+6-27=19
CO=3246-33=5
08 =3546-34=7

Al improvement indices are non-negative so our selution 15 optimal

Optimal solution

21 units Ate P

11 unitz A& o Q)

22 units A to B

21 units B to O

46 units B to 3

28 units Cto kB Cost 4479
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise C, Question 3

Question:

Cotnplete your solutions to the transpottation problems from question 4 in exercise
1E. Tou should demonstrate that vour solution is optimal.

P Q R 5 | Supply
56 | 86| B0 | A1 134
3% | M6 | TR | A5 203
2 | A0 | 57 | &7 176
&0 | 63 | 75 | 71 187
Demand | 175 | 175 | 175 | 175

o 2| |

The solution to question 3 requires a number of iterations, plus the optimality check —
vou will certainly get lots of practise in implementing the algorithms!

Solution:
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B Q) E = | Supply
A 56 | B& | BD | 61 134
E 59 | F6 | 78| 65 203
iZ 62 | 70| A7 | &7 176
D
D

60 | 68 | 75 | 71 187
emand | 175 175 175 175 700

Initial solution (from question 4 of exercise 14)

T @] E = | Bupply

A 134 134
B 41 | 162 203
& 13 | 163 176
D 12 | 175 187

Detmand | 175 175 175 | 175 700

The entering cell i DO (from question 4 of exercize 1B)

Stepping stone route

E Q) E = | Supply
A 124 134
E 41 162 203
iZ 13-8 | 16348 176
D & 12-8 [ 175 187
Demand | 175 175 175 175 700

=12 Exiting cell 15 T3

improved solution

F 9] E = | Supply
& 134 134
E 41 | 162 203
Z 1 | 175 176
D 12 175 | 187
Demand | 175 175 175 | 175 | 700

Shadewcosts | 26 | 73 | 60 [ 76

Pl o] R[5 |Suply

0 A 86 | 80 | 61 | 134
3 B 78 | 65 | 203
Z| & 62 |(70) @ 67 | 176
5| D 60 75 @ 187
Demand | 175 [ 175] 175 [ 175 ] 700
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Improvement mndices: AQ=86—0-73=13
AR =80-0-60=20

Entering cell AF
stepping stone route

AR =61-0-T6=-15

BRE =78-3-60=15

B =65-3-T6=-14

TP =624+3-56=0
5 =67+3-Th=-6
DP =604+5-56="5
DE =75+5-60=20

P Q) E = supply
A 134-4 g 134
B 41+8 [ 162-8 203
iZ 1 175 176
D 12+ 8 175-8 187
Demand 175 175 175 175 700
Greatest value of & 15 134
Exiting cell 15 AP
F ] E 5| Supply
A 134 | 134
E 175 | 28 203
Z 1 | 175 176
D 146 41 187
Demand | 175 | 172 | 175 | 175 700
Shadow costs 41| 58 | 45 | 61
F ] E 5| Supply
0 " 56 | 26 | 80 134
18 B (39 78 | 65| 203
12 c 62 GD| 67| 176
10 D 60 75 |@D] 187
et 175|175 | 175 | 175 700
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Improvement indices: AP =56-0-41=15
AQD=86-0-58=28
AR =80-0-45=35
BE =78-18-45=15
EBE =65-18-61=-14
CP =62-12-41=9
CE =87-12-61=-%
DF =60-10-41=5
DE =75-10-45=20

Entering cell 1z BS

F Q) E = supply
A 134 | 134
E 175| 28-8@ g 03
C 1 175 176
D 146+ & 41-8 | 1387
Demand | 175| 175 | 175 | 175 | 700
&=28 Exting cell 15 BQ

T ] E 2| Supply
A 134 | 134
) 175 28 | 203
C 1 | 175 176
D 174 13 | 187
Demand | 175 | 175| 175 | 175| 700
Shadow costs 55 | 88 | 45 61

F 8] E 5| Supply

0 A 56 | 86 | 80 134
4 B 76 | 78 @ 203
i C 62 @ 67 | 176
10 D 60 75 @ 127

Demand | 175 | 175|175 | 175 ] 700
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Entering cell 1z CF

P Q) E = supply
& 134 154
B 175 28 203
& 1-8 | 175 g 176
D 174+ 8 12-8 | 187
Demand | 175 175 175 175 00
&=1 Exiting cell OO
T @] E 5| Supply
& 134 | 134
E 175 28 203
C 175 1 176
D 175 12 187
Demand | 175 | 175 | 175 | 175 700
55 58 51 61
Shadow costs
F Q) E = supply
& 56 56 50 £1 134
4 B (59) 76 78 (63) 203
i 62 0 @ 176
10 D &0 @ 75 @ 187
Demand 175 175 175 175 700

Improvement indices:

Entering cell 12 DP.

AP =56-0-53=1

AQ=86—-0-58=28
AFE =80-0-51=2%
BQ=T6-4-58=14
BE =78-4-51=23
CP =62-6-55=1
CQ="T0-6-58=46
DP =60-10-55=-5
DE=75-10-51=14

T Q| R = supply
& 134 134
E 17548 28+8 | 203
Z 175 1 176
D g 175 12-4 187
Demand 175 175 | 175 175 700
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=12 Exiting cell iz D3

F 9] E = | Supply
& 124 | 134
E 163 40 203
C 73] 1 176
D 12 | 175 187
Demand | 175 175 | 175 | 175 | 700
25 | 63 | 51 | 61

Shadow costs T o = SR
0 A 56 | 86 | 80 [ (6D | 134
4 E 69 [ 76 | 78 [ (65 | 203
& C 62 | 70| GED | BDH | 176
5 N GO Ed] 75 | T 187

Demand 175|175 | 175|175 700

Improvement indices:

o negative improvement indices so our solution iz optitnal

134 units A to 2
163 units Bto P

A0 units B to 3

175 unts Cto B

1unit Cto 5
12 units D te P

175 unite D to Q

© Pearson Education Ltd 2C

AP =56-0-55=1
AD=86-0-63=23
AR =80-0-31=28%
BO=76-4-£63=5
BR =75-4-51=1253
CP =62-6-55=1
2 =70-6-63=1
DE =75-5-51=1%
D5 =71-5-61=5
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise C, Question 4

Question:
P | )| Stock
A 2 18 3
B 217 3
C 6 |8 2
Demand | & | 4

The table shows the unit cost, 1n pounds, of transporting goods from each of three
warehouses A, B and C to each of two supermatkets P and Q. It alse shows the stock
at each warehouse and the demand at each supermarlet,

=olve the transportation problem shown in the table TTze the north-west corner method
to obtain an initial solution You must state your shadew costs, improwvement indices,
stepping-stone routes, & walues, entering cells and exiting cells. You must state the
initial cost and the improved cost after each tteration

Solution:
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P| Q] Stock
A 216 3
B 217 5
© 6% 2
Demand | 6| 4 10
Tnitial selution
P Q| Steck
A 3 3
E 312 5
6 2 2
Demand | & | 4 10
Shadewcosts | 2 | 7
Pl Q| Stock
0 A [2)6] 3
0 20T B
2 € 6 [3) =2
Demand | &6 | 4 10
Improvement indices
AQ=6-0-T7T=-1
CP=6-2-2=2
AC) 15 the entering cell
P i Stock
A 3-8 g 3
E i+8 | 2-8 5
3 2 2
Demand & 4 10
& =2 E=xting cell BQ.
P | Q| Stock
A 112 3
E 5 5
iz 2 2
Demand | & | 4
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Shadow costs

2

P

0 A C
E

Stock

L)
e

3 iZ &

-2
SOEIONE
L]

Demand | &

Improvement indices

BO=7-0-6=1

CP=6-3-2=1

There are no negative improvement indices 3o our solution iz optimal
1 unit from A to P

2 units from & to

Sunits from BEto P

2 unitz from C to O Cost 42

© Pearson Education Ltd 2C
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 1

Question:

Formulate the following transportation problem as a linear programming problem.

P 0 R | Supply

A 150 215 222 32
B 175 204 218 44
C 188 | 198 | 246 24

Demand | 28 | 45 | 37

Solution:

Let x; be the number of units transported from i to j where
ie{dB.C)

Je{P.QR}

e
xa,_[]

Minimize O =150x, +213x, +222x;
+1755,, + 2045, + 2182,
+188x3, +198x, + 2465,

Subject to xy; +x, txp =32
Ky T X T Xy =44
Hp T+ eyt g =34
It ry trg =28
Ky T Xy Ty 245

A+ Ag + ey 237

© Pearson Education Ltd 2C
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 2

Question:

Formulate the following transportation problem as a linear programming problem.

P | Q| R | S | Supply
A E A T B 54
B 31 [ 28| 37| 30 &7
C
D

40 | 32 ] 28 | 35 29
emand | 21 | 32 | 51 | 4&

Solution:

Let x; be the number of units transp orted from i to j where
ie {ABC)
Je{F.QE.5

i)
xﬁ,_Cl

Minimise O = 27x; + 332, +34x, +41x,
Ay +297, +37 1, +30x,,
A0z, +32x, +28x,; +35x,,

Subject to xy +a, tazt+x, =54
Ty FEy tEpt o 267

Tyt Ay T agp tag = 29

xy t Xy g =21
O T =32
It i =51
Ty T X T Xy =46

© Pearson Education Ltd 2C
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 3

Question:

Formulate the following transportation problem as a linear programming problem

P Q) R Supply
A 17 | 24 | 18 123
B 15| 21| 25 143
C 18 | 22| 18 a4
D
D

200 27 | 16 150
emand | 200 | 100 ] 200

Solution:

Let x; be the number of units transported from i to j where i € (A,B,C, D}
and je{P,Q.R}
x; 20
Minimise O = 17x; +24x5, +1%x;
155, +21x, + 252,
+185, + 2275, +1825;
+alxg, + 275, +16x,;

Subject to i trgtag =123
Tyt iyt =143

Tyt th =84

Zyg FEgp s =150

Ittt ry =200

Tyt Ep Ry Tx, =100

Xg tEg Ry txg 2200

© Pearson Education Ltd 2C
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise D, Question 4

Question:

Formulate the following transportation problem as a linear programiming problem,

P Q) R 5% | Supply
A 36 | B6 | B0 | 61 134
B 29 | Y6 | TR | 65 203
C 62 | 0| 57 | &7 176
D
D

B0 | 68 | 75 | A 187
emand | 175 | 175 175 | 175

Solution:

Let x; be the number of units transported from i to j where i € {A,B,C,D}
and fe{F,Q,E. 5

Minimise O = 562, +86x, +80x,; +61x,
585y, + 76xy, + 785, +65xy,
Ho2ry + 70, + 575, + 671y,
0z, +68x, +75x,,+ 71z,

Subject to xp txy txsta, =134
Ty FEy tEp o = 203
Tyt gyt tx, 2176
Xy tEg T+, =187
ot igtrgtrg =175
Xyt Epy Tty Ty =175
Tzt Egs X tEz 2175

Tyt Egy T Xy T, =175
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Solutionbank D2

Edexcel AS and A Level Modular Mathematics

Exercise E, Question 1

Question:
L M | Supply
A 20 | 70 15
E 40 | =0 ]
C &0 | 20 ]
Demand | 16 12

The table shows the cost
A B and Cto each of two showrcoms L and M. It also shows the number of cars
available for delivery at each factory and the number required at each showroom.

. in pounds, of transporting a car from each of three factories

a Use the north-west corner method to find an initial solution.

b Saolve the transportation problem, stating shadow costs, improvement indices,
entering cells, stepping-stone routes, & walues and exiting cells,

¢ Demonstrate that vour solution is optimal and find the cost of your optimal

solution.

d Formulate this problem as a linear programming problem, making your decision
variables, objective function and constraints clear.

e Werify that your optimal solution lies in the feazible region of the linear
programming problem.

Solution:
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M | Steck
A 15 15
E 1] 4 5
© 3 2
Demand | 16| 12 28
]
Shadoew costs 200 10
L | M| Stock
0 A @[ 70| 15
20 & 60 g
16 12| 28

TImprovement indices,
AW =T0-0-10=60

CL =60-580-20=—-40
Entering cell CL 8=1
Eziting cell BL

L j%1 Stock

A 15 15
E 1-8 | 4+8 5
5 g 2-4 2
Demand 16 12 28
M | Stock

A 15 15

E 5 5

& 117 2
Demand | 16| 12 28
Shadow costs 20| 50

L | M| Steck

0 5 70| 15
50 E 40 5
40 & 2

Demand 16| 12 28
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¢ Improvement indices:
AM =T0-0-50=20
BL =404+20-20=40

Mo negative improvement indices, so optimal solution.
15 units from A to L

Sunits from B to I Cost: 1 140

1 unit from O to L

7 units from C to I

d Let x; bethe number of units transported from i to j where i € {A,B,C} and

J € {L,Mj
x =0
Minimize O = 20x,; +70x,
+40x,, +30x,
+60x, + 9%,
Subiect to apta, =15
Ay tEg =5
Iy tig =8
iyt xytrg; =16
Kyt Ep R, 212

e In our selution

i =15 x, =0

=0 m,y =5

Xy =l omy =7
mtx, =15 1540=15
Iy tr, =25 04525
Tt rn =8 147 =8

Xy ta +tay =16 15404116

Tyt T, 212 0454712
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise E, Question 2

Question:
P | Q R | Supply
F 23 | 21| 2z 15
G 21 | 23| 24 35
H 22 1 21| 23 10
Demand | 10 | 30 | 20

The table shows the cost of transperting one unit of stock from each of three supply
pointz F, G and H to each of three sales points P, Q and E. It also shows the stock held
at each supply point and the amount required at each sales point

a Use the north-west corner method to obtain an mitial solution

h Taking the most negative improvement index to indicate the entering square,
perform two complete iterations of the stepping-stone method. You must state your
shadow costs, improvement indices, stepping-stone routes and exiting cells,

¢ Ezplain how you can tell that vour current solution is optimal.

d State the cost of your optimal solution,

e Taking the zero improvement index to indicate the entering square, perform one
further itteration to obtain a second optimal solution

Solution:
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Q| B | Stock
F 0] 5 15
o D5 [anE 35
H 0] 10
Demand | 10| 30 | 20 &0
b
Shadow cost 23 21| 22
P| Q| E|Steck
0 F @@ 22| 15
5 & 5 @ 35
1 H o2 | 21 @ 10
Demand 100 30| 20 G0

Improvement indices:

FR =22-0-22=10
GP =21-2-23=-4
HP =22-1-232=-2
HO)=21-1-21=-1
Entering cell 12 GP.

T 0 E | Stock
F 10-g | 5+4 15
&) g 25-48 | 10| 35
H 10 10
Demand 10 30 20 &0

=10 exiting cell FP

improved solution:

Pl Q| E | Steck
F 15 15
G w1510 35
H 101 10
Demand | 10| 30| 20| &0
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Shadew cost 19121 22
|l Q|E | Steck
0 F 23|@D)[ 22| 15
IEECCCE
1 H 22] 21 |@3)| 10
Demand 103020 &0
TImprovement indices:
FP =253-0-15=4
FE =22-0-22=10
HP =22-1-1%=2
HO=21-1-21=-1
Entering cell iz HO
T ] E stock
F 15 15
G 0| 15-8 | 10+8 | 35
H g -4 10
Demand | 10 a0 20 &0
=10
Ezxiting cell is HE
Improved solution
|l Q| R | Stock
E 15 15
G W| 5|20 35
H 10 10
Demand | 10| 30| 20| &0
shadow costs 19121 22
Dl Q| E | Steck
0|F 231@D[ 22| 15
2o BEBE
0| H 22 |2D)| 23| 10
Demand 10 3020 &0
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Improvement indice

FP = 23-0-1%=
FE =22-0-22=
HP = 22-0-1%=

5.

4
0
3

HE = 23-0-22=1

¢ Mo negative improvement indices, so optimal solution

d 15units Fto O
10 units Gte P

5 units Gto Q Clost: 1 330
20 units Gto B
10 units H to O
e entering cell FE.

F Q E =tock
F 15-4 g 15
¢} 10 5+& | 20-4 35
H 10 10
Demand | 10| 30 20 60
g=15
exiting cell FQ
second solution

P | Q| R |[5Steck
F 15 15
G 1120 5 35
=i 10 10
Demand | 10| 20| 20| &0

© Pearson Education Ltd 2C
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Solutionbank D2
Edexcel AS and A Level Modular Mathematics

Exercise E, Question 3

Question:
X Y Z Supply
J 8 5 7 30
K ] 5 9 40
L K 2 10 a0
M & 2 15 ]l
Demand | 25 | 45 100

The transportation problem represented by the table abowe 15 to be solved. & possible
north-west cornier solution is

X | Y Z | Supply

J 25 | 5 30
K 40 40
L 0 50 50
M 50 50

Demand | 25 | 45 | 100

a Ezplain why it is was necessary to add a zero entry (in cell LY to the solution,

b State the cost of this initial selution

¢ Choosing cell M as the entering cell, perform one iteration of the stepping-stone
method to obtain an improved solution. You must make your route clear, state your
exiting cell and the cost of the improved solution.

d Determine whether your current solution 15 optimal. Give a reason for your answer.

After two more iterations the following solution was found.

X Y Z | Supply

J 30 |
K 20 | 20 40
L 50 50
M 25 | 25 0

Demand | 25 | 45 | 100

e Taking the most negative improvement index to indicate the entering square,
perform one further complete iteration of the stepping-stone method. You must
state your shadew costs, improvement indices, stepping-stone route and exiting
cell

Solution:
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a Otherwize the solution would be degenerate.

b 1675
c
X T Z supply

J; 25-8 | 544 30
K 40 40
L 0-8 | 044 50
i1 g 50-8 50
Demand 25 45 100 170

The exiting celliz: LY =0

XY | £ | Supply

i 20548 30
E 40 40
L 50 50
il 0 50 50

Demand | 25| 45| 100 170

The cost 15 unchanged at 1675

d
0 i @ 7] 30
0 K 51(3) 9| 40
-7 i 7| 2 50
-2 M 3 (19| 50
Demand | 25| 45| 100| 170

Improvement indices:
JZ2 =7-0-17=-10
EX =5-0-8=-3
EZ =9%-0-17=-8
L¥ =7+7-8=46
LY =2+7-5=4
MY =3+2-5=0

Thiz zolution is not optitnal since there are negative improverment indices.
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| T | 2 | Supply
T 30 30
E 200 20 40
iy 50 50
il 25| 25 a0
Demand | 25 |45 | 100 | 170
Shadow costs & 3| 7
| Y| 2 | Supply
0 T 8|5 (@)
2 K 5 |(5) 40
3 I 7| 2 50
0 M G 15| 50
Demand 25045 100 170
Improvement indices:
JX=8-0-6=2
J¥=5-0-3=2
EX=5-2-6=-3
LY =7-3-6=-2
LY =2-3-3=-4
MZ =15-0-7=8
Entering square 1s LY
X T Z Supply
T 30 30
E 20-8 | 20+8 40
L g 20-48 a0
i1 25 25 a0
Demand | 25| 45 100 170
&=720 Exiting square 1s KT
Improwed solution
Y | 2 | Supply
I a0 20
E 40 40
L 200 30 50
il 25| 25 50
Demand | 25 |45 [ 100 ] 170
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Shadow costs 21 -1 7
XY | 2 | Supply
o7 81 5 G":J 30
21K 50 5 @ 40
3L 7k (2} O_[f]j a0
4 | L (S’) @ 15 a0
Demand 25 45| 100 170

Iinprowvement indices;
J¥X =8-0-2=%
J¥ =5-041=¢
EX=5-2-2=1
EY =5-2+1=4
L =7-3-2=2
MZ=15-4-7=4

All improvement indices are non-negative, 20 we have an optitnal selution,

20 units b to X

2oumits M to T

20units Lto T Cost 1135
30 units Lto £

40 pmts K to £

A0units J to £
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PhysicsAndMathsTutor.com



Heinemann Solutionbank: Decision Mathematics : Pagel of 5

Solutionbank D2
Edexcel AS and A Level Modular Mathematics
Exercise E, Question 4

Question:
& U | Supply
A & 10 7 a0
B 7 5 5 |70
C & 7 7 a0
Demand | 100 | 30 20

a Ezplain why a dummy demand point might be needed when solving a
transportation problem.

The table shows the cost, in pounds, of transpotting one wan load of fruit tree seedlings
from each of three greenhouses &, B and C to three garden centres 3, T and TT. It alsc

shows the stock held at each greenhouse and the amount required at each garden
Centre.

b Tse the notth-west corner method to obtain an initial solution

¢ Taking the most negative improverment index in each case to indicate the entering
square, uze the stepping-stone method to obtain an optimal solutien. Tou must state
vour shadew costs, improvement indices, stepping-stone routes, entering squares
and exiting cells.

d State the cost of your optimal selution.

e Formulate thiz problem az a linear programming problem. Make your decision
variables, objective function and constraints clear,

Solution:
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a The total demand 1z 150, the total stocl: 12 170 0 demand < stock

We need a dummy demand to absoth the surplus stock

3 T | Dummy | Stock
A & | 10| 7 0 50
B 7 8 0 70
C & | 7|7 0 o0
Demand | 100 | 30| 20 20 170
b Initial selution
= | T | U | Dummy | Stock
A a0 a0
E a0 | 20 70
C 10| 20 20 50
Demand | 100 ) 30 | 20 20 170
c
=hadow costs & 4 1 4 -3
= | T | U | Dummy | Stock
0 A 0] 7 0 50
1 B MG s | o 70
N O CECE
Demand 100 30| 20 20 170
Improvement indices:
AT =10-0-4=4%
ATl =7-0-4=73
A Dummy =0-04+43=73
BT =5-1-4=73
EDummy =0-1+32=2
C3 =6-32-6=-3
= Ik T | Dummy | Stock
A ] a0
B a0-8 | 20448 0
C & -2 |20 20 a0
Demand | 100 30 20 20 170

Entering square C5 =10
Exiting square CT
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Page2 of 5



Heinemann Solutionbank: Decision Mathematics :

Iinprowed sol

ution

ST | T | Dummy | Stock
A 50 50
B 40 | 30 70
6 10 20 20 50
Demand | 100 | 30| 20 20 170
shadow costs & 4 1 7 1]
= | T | U |Dummy | Stock
0|4 w7 o 50
E DG 8| o 70
oo O @ [ =
Demand 100 3020 20 170
Improwement indices:
AT =10-0-4=§

AT =7-0-7=10
A Dummy =0-04+0=0
=g-1-7=0
E Dummy =0-1-0=-1
T =7-0-4=3

ET

= T | T | Dummy | Stock
A ll] a0
E 404 | 20 & 70
C 10+ 8 20 20-4 a0
Demand | 100 | 30| 20 20 170

Entering square B Dummy

=20

Exiting square C Dummy.

TImproved so

lution
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= T | T | Dummy | Stock
A a0 a0
E 20 | 30 20 70
iz 20 20 a0
Demand | 100 | 30| 20| 20 170
Shadow costs & | 417 -1

= | T | T | Dummy | Stock

0 A @9 10| 7 i 50
1 O @ |7
0 @ (E} Z (:) i 50

Demand 100 30 | 20 20 170

Improvement indices:

AT =10-0-4=6
=7-0-7=0

ATT

A Dummy =0-04+1=1

ET

=8-1-7=0

CT =7-0-4=3
C Dummy =0-0+1=1

The tweo zero improvement indices indicate that
there are two further optimal solutions.

TTzing ATT as an entering square, we get

= T | T Dummy = T | T | Dummy | Stock
A o0-8 g A 20 20 o0
B |20 30 20 — | B 200 |30 20 70
| 30+ 4 20-8 i o0 a0
Demand | 100 | 30 | 20| 20 170
Tsing BT as an entering square, we get
= AE T Dummy = T | T | Dummy | Stock
A a0 A a0 a0
E|an-& |30 g 20 — | B a0 |20 |20 70
| 30+8 20-4 C ll] 0 a0
Demand | 100 | 30 | 20 | 20 170
\l = T | U | Dummy | Stock
A 50 a0
E 0 30020 20 70
Z a0 a0
Demand | 100 | 30 | 20| 20 170
d Cost 910
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e Let x; bethe number of units transported from i to j where i € {(A,B,C} and
48 T, 1T, dummy}
x; 20

Minimize O = 62 +10x, + 755
+ixy + 05, + 82y
FEx + Ty + e

Subject to xy +x,+ g +x, =50
Tyt Epat Xty =70
gt Ay tagta, =50

X Ay =100
Ty Ry TRy =30
Xzt Xty = 20
Ty gy T =20
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