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1 (a) The philosopher Epimenides is said to have stated “All Cretans are liars”. Epimenides was a Cretan.

  Analyse the statement, starting with a consideration of what might be meant when someone is said to 
be a liar. [3]

 (b) (i) Use a truth table to prove that “/” is distributive over “0”, i.e. that a b c a b a c/ 0 / 0 /=^ ^ ^h h h.
 [3]

  (ii) Use a truth table to prove that “0” is distributive over “/”. [2]

 (c) (i) Explain why a b a b& + 0+^ ^h h. [1]

  (ii) Draw a combinatorial circuit for a b c& 0^ ^ hh. [3]

  (iii) Use Boolean algebra to prove that a b c a b c+ &/ 0 0+ +^ ^ ^ ^hh hh. [2]

  (iv) It is not the case that Adrian and neither Brian nor Claire were guilty. So, if Adrian was guilty, 
what can you deduce about Brian and Claire? State and prove. [2]
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2 Yvette is to buy tickets for a one-way journey. She can choose between a scheduled airline, a budget airline 
and a charter airline. She knows the costs of the tickets and other travel costs, but she also wants to take 
account of the time of her journey. This varies between the airlines because they use different airports, and 
because the budget airline involves two connecting flights. The time is also subject to delay, which Yvette 
has researched. Yvette costs her time at £50 per hour.

Airline Cost (i.e. all 
travel costs)

Total journey 
time (hours)

Probability of 
1 hour delay

Probability of 
2 hour delay

Probability of 
24 hour delay

Scheduled £180 3 0.05 0.01 0

Budget £80 4.5 0.1 0.03 0.02*

Charter £120 4 0.2 0.03 0

 (*… as a consequence of missing the connecting flight)

 (i) Draw a decision tree for Yvette. [4]

 (ii) Evaluate the EMV at each node of your tree, and give the airline which minimises the EMV of the cost 
of Yvette’s journey. [8]

 (iii) Investigate the consequences of using a square root utility function applied to total costs. Give the 
airline with the best expected utility and that value. [2]

 Yvette discovers a website which will tell her before she buys her tickets whether or not the budget airline 
plane for the first leg is delayed on its previous flight. If it is not delayed then the connection is assured, 
although other delays may take place as before.

 (iv) What is the EMV of this information? [2]
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3 (a) Consider applying Floyd’s algorithm to a complete undirected network on 5 vertices to find the 
complete network of shortest routes.

  (i) How many comparisons are needed during the first iteration? [1]

  (ii) How many comparisons are needed in total? [1]

  Now consider repeatedly applying Dijkstra’s algorithm to a complete undirected network on 5 vertices. 
The first iteration finds all of the shortest routes from the first vertex. In the second iteration the first 
vertex and its arcs are deleted and all of the shortest routes are found from the second vertex … and so 
on.

  (iii) How many comparisons are needed during the first iteration? [2]

  (iv) How many comparisons are needed in total? [2]

 (b) The unbracketed numbers in the table give direct distances between the vertices of a network, where 
direct connections exist. These are also the shortest distances. The bracketed numbers give shortest 
indirect distances, where no direct connections exist.

A B C D E F

A 32 27 (54) 41 31

B 32 38 22 45 33

C 27 38 (47) 18 (58)

D (54) 22 (47) 29 23

E 41 45 18 29 (52)

F 31 33 (58) 23 (52)

  (i) By deleting A and its arcs, and by finding a minimum connector for the remaining vertices, 
construct a lower bound for the solution to the travelling salesperson problem in this network. [4]

  (ii) Make three attempts to apply the nearest neighbour algorithm to find a good solution to the TSP. 
Start at vertex A for your first attempt, at vertex B for your second attempt and at vertex C for 
your final attempt, and give the best of your attempts. [3]

  (iii) Use the route inspection algorithm to find an optimal solution to the Chinese postperson problem 
in the network. Give an optimal route. [7]
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4 Ian the chef is constructing a recipe for a dish with four ingredients: pasta, sauce, cheese and olive oil.
 The fat, salt and sugar concentrations in each of his ingredients are listed in the table, all in units of grams 

per 100 grams. The table also shows the upper limits for concentrations which Ian does not want to exceed 
in constructing his recipe.

pasta sauce cheese olive oil limits

fat 2 5 30 100 26

salt 0.05 1 2 0 1

sugar 3.5 2 0 0 2.5

 The following LP is constructed to help Ian with constructing his recipe.

  maximise 1 2 3 4P p p p p= + + +
  subject to 1 2 3 4 1p p p p G+ + +
    2 1 5 2 30 3 100 4 26p p p p G+ + +
    .0 05 1 2 2 3 1p p p G+ +
    . .3 5 1 2 2 2 5p p G+
  end

 (i) Explain what p1, p2, p3 and p4 represent in this formulation. [1]

 (ii) Set the problem up in an initial simplex tableau. [5]
 
 (iii) Perform the first iteration of the Simplex algorithm. Pivot on an element in the p1 column. [5]

 There are many solutions to the LP, including , , ,
3
1

3
2 0 0

J

L
KK

N

P
OO and . , . , . , .0 405 0 000 0 490 0 105^ h, where the solutions 

are given in the form (p1, p2, p3, p4) either exact or correct to 3 decimal places.

 (iv) Obtain the fat, salt and sugar concentrations for the two solutions quoted above. [2]

 Ian adds the following constraints …
• The pasta content must be at least 40%.
• The sauce content must be at least 30%.
• There must be at least 10% cheese.
• There must be at least 5% olive oil.

 (v) Extend your initial tableau from part (ii) to model this extended problem using two-phase Simplex. Do 
not attempt to solve the problem. [6]

 An LP package gives a solution to this extended problem as (0.4, 0.3, 0.1, 0.2)

 (vi) Interpret this solution. [1]

END OF QUESTION PAPER
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4 (i)

4 (ii)

A spare copy of this diagram can be found on p10

4 (iii)

A spare copy of this diagram can be found on p10
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4 (iv)

4 (v)

A spare copy of this diagram can be found on p11

4 (vi)
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Question Answer Marks Guidance 

1 (a)  e.g. A workable definition of a liar is one who does not always tell the truth. 

 

If Epimenides was telling the truth, then all Cretans were liars (which is unlikely since there were perhaps 

some 200000 inhabitants in Crete in 400 BC).  This does not contradict the implication that he is a liar, 

given the above. 

If Epimenides was lying then not all Cretans are liars, which is also not a contradiction. 

(Note the liar paradox, “I am lying”, refers to one statement only.) 

B1 

 

M1A1 

 

Sensible consideration of 

meaning 

M1 for considering if 

Epimenides was telling 

the truth and if not 

A1 for full argument 

 (b) (i) 
 

a  (b  c)  (a  b)  (a  c) 

0 0 0 0 0  0 0 0 0 0 0 0 

0 0 0 1 1  0 0 0 0 0 0 1 

0 0 1 1 0  0 0 1 0 0 0 0 

0 0 1 1 1  0 0 1 0 0 0 1 

1 0 0 0 0  1 0 0 0 1 0 0 

1 1 0 1 1  1 0 0 1 1 1 1 

1 1 1 1 0  1 1 1 1 1 0 0 

1 1 1 1 1  1 1 1 1 1 1 1 
 

 

 

M1 

 

B1 

 

B1 

 

8 rows 

 

LHS 

 

RHS 
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  (ii) 
 

a  (b  c)  (a  b)  (a  c) 

0 0 0 0 0  0 0 0 0 0 0 0 

0 0 0 0 1  0 0 0 0 0 1 1 

0 0 1 0 0  0 1 1 0 0 0 0 

0 1 1 1 1  0 1 1 1 0 1 1 

1 1 0 0 0  1 1 0 1 1 1 0 

1 1 0 0 1  1 1 0 1 1 1 1 

1 1 1 0 0  1 1 1 1 1 1 0 

1 1 1 1 1  1 1 1 1 1 1 1 
 

 

 

 

B1 

 

B1 

 

 

LHS (cao) 

 

RHS (cao) 

 (c) (i) Both are only false when a is true and b is false. B1  

  (ii)  

 

 

  

M1 

A1 

A1 

uses (i) 

a “not” 

2 “or’s” 

  (iii)        ~ ~ ~a b c a b c a b c        by (i) B1 B1  

  (iv) Either Brian or Claire were guilty (or both), by (iii). B1 B1 “or both” not needed 

a 

b 

c 
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Question Answer Marks Guidance 

2 (i)& 

(ii) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Travel with the charter airline 

 

 

 

M1 

 

M1 
 

A1 

A1 

 

 

 

 

M1 

A1 

 

M1 

A1 

 

M1 

 

A1 

 

B1 

 

B1 

 

 

 

decision node at first 

branch 

chance nodes at second 

branches 

3 terminal nodes twice  

4 terminal nodes once 

 

 

 

 

one cost OK 

all costs OK 

 

one “no delay” prob OK 

all probs OK 

 

one chance computation 

OK 

all chance computations 

OK 
 

£333 quoted or in decision 

box 

decision 

 

      

scheduled 

charter 

0.94 

0.01 

0.85 

0.02 

430 

330 

305 

1505 

337 

333.5 

333 

0.77 

0.03 
420 

320 

333 

budget 

0.05 
380 

0.1 

0.03 

355 

405 

0.2 
370 
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 (iii)  Utilities are 18.26, 18.11, 18.24 respectively, so travel with the budget airline. 

Common errors … 12.38, 15.70 and 14.57 … allowed on ft. 

Common errors … 13.53, 9.86, 11.49 … allowed on ft 

M1 

A1 

one of 18.11 or 18.24 

all correct, plus decision 

 (iv)  EMV = £333 - £313 = £20 

(Computation of £313 uses probabilities of 0.87, 0.1 and 0.03) 

Common error … budget becomes £233. for B1 only. 

B1 

B1 

computation of £313  

subtraction from £333 cao 
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Question Answer Marks Guidance 

3 (a) (i) 10 

(16 if not exploiting symmetry) 

(6 or 12 if no diagonal) 

B1 

(B1) 

(0) 

 

 

but follow subsequently 

      

  (ii) 50 B1 

 

or 80 or 30 or 60 from 

above 

  (iii) (3+3) + (2+2) + (1+1) = 12 M1A1 (3+3)or(2+2)or(1+1) M1 

  (iv) 12 + 6 + 2 = 20 M1A1 12 or 6 seen within three 

parts for M1 

 (b) (i) Min connector has length 18 + 22 + 23 + 29 = 92 

Add back in 27 and 31 giving an lower bound of 150 

M1A1 

M1A1 

M1 for 4 arcs 

M1 for adding 2   A1 

  (ii) A 27 C 18 E 29 D 22 B 33 F 31 A … 160 

B 22 D 23 F 31 A 27 C 18 E 45 B … 166 

C 18 E 29 D 22 B 32 A 31 F … stall 

M1 

B1 

A1 

160 and 166 

stall 

ACEDBFA given or 

indicated 

  (iii) Odd vertices are B, C, D and F. 

Pairings …   

BC – 38 and DF – 23 … 61 

BD – 22 and CF – 58 … 80 

BF – 33 and CD – 47 … 80 

So repeat BC and DF, giving for instance … 

A 32 B 38 C 38 B 22 D 29 E 18 C 27 A 41 E 45 B 33 F 23 D 23 F 31 A … 400 

M1 

 

A1 

A1 

A1 

M1 

A1 A1 
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Question Answer Marks Guidance 

4 (i)  the proportions of each ingredient B1  

      

 (ii)   

P p1 p2 p3 p4 s1 s2 s3 s4 RHS 

1 -1 -1 -1 -1 0 0 0 0 0 

0 1 1 1 1 1 0 0 0 1 

0 2 5 30 100 0 1 0 0 26 

0 0.05 1 2 0 0 0 1 0 1 

0 3.5 2 0 0 0 0 0 1 2.5 
 

 

 

 

B1 

B4 

 

 

 

 

objective 

constraints 

 (iii)   

P p1 p2 p3 p4 s1 s2 s3 s4 RHS 

1 0 3
7

  -1 -1 0 0 0 2
7  5

7  

0 0 3
7  1 1 1 0 0 2

7
  2

7  

0 0 27
7  30 100 0 1 0 4

7
  4

724  

0 0 34
35  2 0 0 0 1 1

70
  27

28  

0 1 4
7  0 0 0 0 0 2

7  5
7  

 

 

 

 

M1 

A4 

 

 

correct pivot 

one for each of first 4 rows 

 (iv)  (4, 0.683333, 2.5) and (26, 1, 1.4175) B1 B1 mark 26.01 and 1.00025 as 

correct 
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(v) 

  
 

A P p1 p2 p3 p4 s1 s2 s3 s4 s5 s6 s7 s8 a1 a2 a3 a4 RHS 

1 0 1 1 1 1 0 0 0 0 -1 -1 -1 -1 0 0 0 0 0.85 

0 1 -1 -1 -1 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 

0 0 2 5 30 100 0 1 0 0 0 0 0 0 0 0 0 0 26 

0 0 0.05 1 2 0 0 0 1 0 0 0 0 0 0 0 0 0 1 

0 0 3.5 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2.5 

0 0 1 0 0 0 0 0 0 0 -1 0 0 0 1 0 0 0 0.4 

0 0 0 1 0 0 0 0 0 0 0 -1 0 0 0 1 0 0 0.3 

0 0 0 0 1 0 0 0 0 0 0 0 -1 0 0 0 1 0 0.1 

0 0 0 0 0 1 0 0 0 0 0 0 0 -1 0 0 0 1 0.05 

 
 

 

 

 

M1A1 

B1 

B1 

 

 

 

M1 

A1 

 

 

 

new objective 

4 surplus variables 

4 additional variables 

 

 

 

4 new constraints 

all correct 

 

 
(vi) 

 
Proportions as given.  Concentrations are (25.3, 0.52, 2). B1 
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