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Instructions to markers
 
M marks are for method and are dependent on correct numerical substitution/correct 

application.  Method marks can only be awarded if the method used would have led 
to the correct answer had not an arithmetic error occurred. 

 M marks may be awarded following evidence of an sca (substantially correct 
attempt). 

 
M marks can be implied by correct answers. 
 
A marks are for accuracy, and are dependent upon the immediately preceding M 

mark.  They cannot be awarded unless the M mark is awarded. 
 
B marks are for specific results or statements, and are independent of method. 
 
 marks are for follow-through.  This applies to A marks for answers which follow 

correctly from a previous incorrect result.  Whilst mark schemes will occasionally 
emphasise a follow-through requirement, the default will be to apply follow-
through whenever possible.  The exception to this are A marks which are labelled 
cao (correct answer only). 

 
MR Where a candidate misreads all or part of a question, and where the 

integrity/difficulty of the question is not affected, a penalty (of –1, –2 or –3) can be 
applied (according to the extent of the work affected), and the question marked as 
read. 

 Note that it is not a misread if a candidate makes an error in copying his own work. 
 
SC special case 



1. 
(a) 
(i) If sidelights and headlights are on, and if the foglights are 

switched on. 
 
(ii)  ( ) fh~s~~ ∧∨
 
(iii)  
 
 
 
 
 
 
 
 
 Accept t/table showing ( )h~s~~hs ∨=∧  
 
(b) 
(i)  
 
 
 
 
 
(ii) 
 
 
 
 
 
 
(iii)  = ( )r d m g∧ ∨ ∧ ( )( )r d m g∧ ∨ ∧  by associativity 

 =  by distributivity ( ) ( )( r d r m g∧ ∨ ∧ ∧)
 
 
(iv) 
 
 
 
 
 
 

 
B1 
B1 
 
M1  A1 
 
 
 
M1 8 rows 
A1  fhs ∧∧
A1 ( ) fh~s~~ ∧∨  
 
 
 
 
B1 comment re f∧  
M1 4 lines 
A1 
 
 
M1 
A1 
 
 
 
 
M1 
A1 “or” 
A1 first “and” 
A1 second “and” 
 
 
M1 distributive law 
A1 handling brackets 
(law names not needed) 
 
 
 
B1 

 

(s h) f ~ (
~ 

s ~ h) f ∧ ∧ ⇔ ∨ ∧

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

al
te

rn
at

iv

 m 

 d 

 r 

 r 

 g 

r 

 m 

 d 

 r  g 

m 
d outputt 

g 



2. 
(i) 
 
 
 
 
 
 
 
 
 
 
 
 
(ii) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(iii)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
M1 
A1 chance nodes 
A1 choice node 
 
B1√ invest in Greece 
 
 
 
 
 
 
 
 
 
M1 new chance nodes 
A1 64.855 or .86 or .85 
 
B1 invest in Greece 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M1 utilities 
A1 23.37 and 28.14 
 
B1 invest in UK 

(In €000s)  
75 0.6 invest 

in 
Greece 

67 
0.4 55 

67 1.20*35*1.6 = 67.2 0.5 

invest 
in UK 

64.4 
0.5 1.10*35*1.6 = 61.6 

75 0.6 (In €000s)  

invest 
in 
Greece

67 
0.4 55 

67 

invest 
in UK 

0.5 

0.5 
64.855 

68.88 

1.2*35*1.7=71.4 0.7 

0.3 1.2*35*1.5=63 
1.10*35*1.7=65.45 

0.4 
60.83 

1.10*35*1.5=57.75 0.6 

75^0.75=25.49 
0.6 

invest 
in 
Greece 

(In €000s)  23.37 
55^0.75=20.20 

0.4 
71.4^0.8=30.41 

28.14 

invest 
in UK 

0.5 

0.5 

 28.14 

29.54 
0.7 

0.3 63^0.8=27.51 
65.45^0.8=28.36 0.4  26.74 

0.6 57.75^0.8=25.66 



 
2 (cont) 

 

(iv) Require 1.2 1.1 35 x 67
2
+

× × = , 

 giving x = 1.665 
  

(v) Require ( ) ( )0.8 0.81.2 35 y 1.1 35 y
23.37

2
× × + × ×

= . 

 Trying y = 1.277: 
 

 (1.2×35×1.277)0.8 = 24.185 
 (1.1×35×1.277)0.8 = 22.559 
 (24.185+22.559)/2 = 23.37 
 

 
M1 
A1 cao 
 
 
M1 cash 
M1 house 
 
A1 one bracket 

evaluated correctly 
A1 

 
3. 
(i)  
 
 
 
 
 
 
 
 
(ii) First vertex en route is 3. 
 First vertex en route from 3 to 1 is 2. 
 First vertex en route from 2 to 1 is 1. 
 
(iii)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
M1 
A1 
 
 
 
M1 
A1 
 
 
 
B1 
 
 
 
 
 
 
 
M1 
A1 
 
 
 
 
 

2 

3 4 

2 

3 
1 

1 

6 

9 7 

2 4 

12 2 

loops optional 

2 

3 4 

2 

5 1 

1 3 5 

6 
1 

2 

3 4 

5 2 3 

3 
1 

1 

1 5 

5 

4 6 4 

2 4 

2 2 

2 

loops optional 



 
(iv) 
 
 
 
 
 

 
B1 distance matrix 
 
M1 route matrix 
A1 cao 
 
 
 
M1 
A1 
A1 
 
 
 
 
M1 Prim on matrix 
A1 
 
 
B1  B1 

 
(v) 1  2  3  5  4  1 
 14 
 1  2  3  2  5  4  5  2  1 
 
(vi)  
 
 
 
 
 
 
 Lower bound is   5 + 2 + 3 = 10 
 
(vii) e.g. 
 1  2  5  4  3  2  3  1 
 19 
 

 
 
M1  A1 cao 
B1 

 

1 2 3 4 5 

   1    2     4    3 
 1 2 3 4 5 
1 4 2 3 6 5 
2 2 2 1 4 3 
3 3 1 2 5 4 
4 6 4 5 2 1 
5 5 3 4 1 2 

   1 2 3 4 5 
1 1 4 2 3 6 5  2 2 2 2 2 
2 2 2 2 1 4 3  1 3 3 5 5 
3 3 3 1 2 5 4  2 2 2 2 2 
4 4 6 4 5 2 1  5 5 5 5 5 
5 5 5 3 4 1 2  2 2 2 4 4 



4.  
(i) The objective is nonlinear. 
 
(ii)  
 
 
 
 
 
 
 
 
 
 
 
 
 10 ml of oil and 5 ml of vinegar 
 
(iii) 
 
 
 
 
 
 
 
 
 
 (iv)   Omitted constraints non-active 
 (0, 0) not in feasible region. 
  
(v)  
 
 
 
 
 
 
 
 

 
Minimise C, hopefully to zero. 
Thereafter delete C row and a1/a2 columns, and proceed 
as usual. 

 

B1 
 
 
 
M1 tableau 
A1  
 
 
M1 pivot choice 
A1 pivot 
 
M1 pivot choice 
A1 pivot 
 
 
B1 
 
 
B1 x ≤ 10 and y ≤ 6 
B1 5 ≤ x and 3 ≤ y 
 
B1 proportion line 
 
B1 region 1 
B1 region 2 
 
 
B1 
B1 
 
 
 
 
B1 > constraints 
 
B1 artificial columns 
 
B1 new objective 
 
B1 
B1 

P x y S1 S2 S3 RHS 
1 −1 1 0 0 0 0 
0 1 0 1 0 0 10 
0 0 1 0 1 0 6 
0 1 −2 0 0 1 0 
1 0 −1 0 0 1 0 
0 0 2 1 0 −1 10 
0 0 1 0 1 0 6 
0 1 −2 0 0 1 0 
1 0 0 1/2 0 1/2 5 
0 0 1 1/2 0 −1/2 5 
0 0 0 1/2 1 1/2 1

x 
10 

(10, 5) 
6 
y 

x 
10 

(10, 5) 
6 
y 

3 

5 

(6, 3) 

C P x y s1 s2 s3 s4 s5 a1 a2 RH
S 

1 0 1 1 0 –1 0 –1 0 0 0 8 
0 1 1 –1 0 0 0 0 0 0 0 0 
0 0 1 0 1 0 0 0 0 0 0 10 
0 0 1 0 0 –1 0 0 0 1 0 5 
0 0 0 1 0 0 1 0 0 0 0 6 
0 0 0 1 0 0 0 –1 0 0 1 3 
0 0 1 –2 0 0 0 0 1 0 0 0

 



4772 - Decision Mathematics 2 
 
General Comments 

 
This was the first presentation of the new unit.  Questions were extended versions of 
those set for 2621.  Performances were clustered towards the mean, with few very poor 
performances and few very high scores.  Whilst most candidates attempted all 4 
questions there was some evidence of time pressure. 
It was clear that candidates had been well prepared for the paper. 
 
 
Comments on Individual Questions 
 
1) Logic 

 
 This question was answered well.  Only part (iii) caused any difficulty.  Some 

candidates thought it so obvious that they could not see what needed to be 
written down. 

 
2) Decision Analysis 

 
 Most candidates were able to complete part (i) and gain at least some credit on 

part (ii).  Few gained much on part (iii) however, the concept of utility 
completely passing most of the candidates by. 
This question also revealed a significant difficulty in work on Decision Analysis.  
Alternative approaches are possible to the accounting, but some have the 
potential for causing problems.  The safest is to work with final payoffs.  Thus in 
part (i) candidates who worked with profits came to the correct answer with 
effectively the same computations as those using payoffs, but that was not the 
case in part (ii).  The problem here is that, if r(t) is the exchange rate and v(t) is 
the value of the investment, then 

r(t) × (v(t) – v(0)) ≠ (r(t) × v(t)) – (r(0) × v(0)) 
 

The left hand side of the above expression is what many candidates used – it 
results from working with profits.  The right hand side is correct, and is 
consistent with the answer obtained by working with payoffs. 
Whilst this error is not obvious, working with profits rather than payoffs in part 
(iii) is a fundamental mistake.  Utility functions give the utilities of positions not 
changes. 
The definition of the utility function created some problems ("… thousands of 
euros."), but those using euros instead of thousands of euros were not heavily 
penalised. 
Part (iv) was answered by few, and part (v) by very few. 

 



 
3) Networks 

 
 Most candidates found some success in this question.  A few went into knee-jerk 

routine in part (iii) and attempted to apply Floyd, wasting quite a lot of time in 
the process. 
 

 
4) LP 

 
 As in Q2, this question revealed a fundamental flaw in candidates' approaches to 

part of the question.  A majority chose the wrong first pivot in part (ii).  Choosing 
the wrong pivot always leads to a negative element appearing in the last column.  
It is that which the ratio test, when applied correctly, avoids.  Candidates making 
this error carried on with their negative RHS, blissfully unaware that there was a 
problem. 
Another slight difficulty in the question occurred in part (iv).  The first mark here 
was asking why it is that Theo's formulation, though incomplete, leads to the 
correct solution.  The answer looked for was that the constraints he omitted are 
(clearly) not active at the solution.  Candidates did not recognise the issue. 
Apart from those two difficulties, and the fact that some candidates were short of 
time for this last question, it was answered well. 
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