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Question 
Number 

 
                                                     Scheme 

 
Marks 

Q1 
(a) 

 
 

(b) 
 
 
 

(c) 
 
 
 
 
 
 
 
 
 
 
 
 
 

(d) 

 
DC, EG, CF, reject DF; AD, BC, reject AB, BE, reject EF and FG, DH 
 
 
AD, DC, CF, CB; BE; EG, DH  
 
 

 
 
 

Weight of tree = 148 (km) 

 
M1; A1 
A1        3 
 
M1;A1; 
A1        3 
 
 
 
 
 
 
 
B1      1 
 
 
 
 
 
 
 
 
 
B1      1 
Total 8 

 
Notes 
a1M1:   First three arcs correctly chosen and DF rejected. Accept weights for all 3 marks. 
Special case: If all 7 arcs, in correct order, but no rejections seen at all, then award M1 only. 
a1A1:    All arcs/weights in tree selected correctly at correct time. 
a2A1:    All rejections correct and at the right time.  
b1M1:   First four arcs/weights correctly chosen, or first five nodes ADCFB chosen in order. 
Special case : If Prim but not starting at A please send to review. 
b1A1:    First five arcs/weights correctly chosen, or all nodes in order A, D, C, F, B, E, G, H. 
b2A1:    CSO (must be arcs/weights). E.g no ‘reject’ arcs 
c1B1:   CAO mark what you see at (c). 
d1B1:   CAO mark what you see at (d).
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Question 
Number 

 
                                                 Scheme 

 
Marks 

Q2 
(a) 

 
 
 
 
 
 

(b) 

 
BD + EF = 10 + 17 = 27 
BE + DF = 15 + 10 = 25 ←  
BF + DE = 20 + 14 = 34 
Repeat arcs BC, CE and DF 
Length of route = 129 + 25 = 154 
 
 
We add BF(12) to the network so only have to repeat DE (14) 
Length of route is therefore 129 + 12 + 14 = 155 
155>154 so his route would be increased 
 

 
M1 A1 
A1 
A1 
A1ft 
B1ft 
             6 
 
M1 
A1        2 
 
 
Total 8 

 
 
Notes 
a1M1:  Three pairings of their four odd nodes 
a1A1:   One row correct including pairing and total 
a2A1:   Two rows correct including pairing and total 
a3A1:   Three rows correct including pairing and total 
a4A1ft: Their smallest repeated arcs, (accept BCE). 
a1B1ft:  129 + their least out of a choice of at least two possible, distinct, pairings. 
b1M1:    DE identified, using/repeating 12 + their DE [ft from (a)] 
b1A1:    CAO, conclusion, numerical argument e.g. ref to 155 or 26 etc. 
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Question 
Number 

 
                                                 Scheme 

 
Marks 

Q3 
(a) 

 
 
 

(b) 
 
 

(c) 
 
 
 
 
 

(d) 
 
 
 

 
A bipartite graph consists of two sets of vertices X and Y.  
The edges only join vertices in X to vertices in Y, not vertices within a set. 
 
A Matching is the pairing of some or all of the elements of one set, X, with elements of a 
second set, Y. 
 

Alternating path: J – 4 = E – 2 = C – 3 
Change status:    J = 4 – E = 2 – C = 3 

 
C = 3, E = 2, G = 1, H = 6, J = 4, (S unmatched) 

 
  

Alternating path: S – 6 = H – 3 = C – 2 = E – 5  
Change status:    S = 6 – H = 3 – C = 2 – E = 5 

 
C = 2, E = 5, G = 1, H = 3, J = 4, S = 6 

 
 
 
 

 
 
B2,1,0 

2 
 
B2,1,0 

2 
 
M1 
A1 
 
A1         3 
 
 
M1 
A1 
 
A1         3 
 
Total 10 

 
Notes 
a1B1:   2 sets of vertices 
a2B1:   arcs must go from one set into the other. 
b1B1:   pairing or one to one.  
b2B1:   element(s) from 1 set with element(s) of the other.   
c1M1:   Path from J to 3 - or vice versa 
c1A1:  CAO including change status (stated or shown), chosen path clear. 
c2A1:  CAO unambiguous. Must ft from stated path, diagram ok 
d1M1: Path from S to 5 (or vice versa) 
d1A1:  CAO including change status (stated or shown), but only penalise once per 
   question, chosen path clear. 
d2A1: CAO unambiguous. Must ft from stated paths, diagram ok. Must have both M’s. 
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Question 
Number 

 
                                                 Scheme 

 
Marks 

Q4 
(a) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 

 

 
 

ACHFIJ  
                                             114 minutes               
 
Route: ABEGIJ   length 115 (minutes) 
 
 
 

 
 
 
 
 
M1 
A1(BCH) 
A1ft(DE) 
A1ft(FG) 
A1(IJ) 
 
 
 
 
 
 
 
 
 
 
 
 
B1 
B1ft       7 
 
B1, B1 

2 
Total 9 

 
Notes 
In (a) Accept any rising sequence for order of labelling. Order of working values is crucial. 
a1M1:  Big replaced by small in working values at least once at D or F or I or J. 
a1A1:   A, B, C, H boxes all correct, condone lack of 0 in A’s working value 
a2A1ft:  E and D ft, based on their order of labelling. Penalise order of labelling only once.  
a3A1ft: G and F ft, based on their order of labelling. Penalise order of labelling only once. 
a4A1:    I and J CAO. Penalise order of labelling only once. 
a1B1:    Route CAO 
a2B1ft:  114, or their final value ft. 
b1B1:   route CAO. 
b2B1:   length CAO. 

48 

77  (84) (95) 27 

6 

(72) 
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Question 
Number 

 
                                                 Scheme 

 
Marks 

Q5 
(a) 

 
 
 

(b) 
 
 
 
 
 
 
 
 
 
 

(c) 
 
 
 
 

(d) 

 
Bin 1:  5, 1, 8,  5                              Bin 4: 8, 12 
Bin 2: 13, 2                                      Bin 5: 15 
Bin 3: 16                                          Bin 6: 10 
 
E.g Bubbling left to right (see alts) 
5        1      8    13     16      5     8      2    15   12   10 
5        8    13    16       5      8     2    15    12   10     1  
8      13    16      5       8      5   15    12    10     2     1  
13    16      8      8       5    15   12    10      5     2     1 
16    13      8      8     15    12   10      5      5     2     1 
16    13      8     15    12    10     8      5      5     2     1 
16    13     15    12    10     8      8      5      5     2     1  
16    15     13    12    10     8      8      5      5     2     1  +  ‘sorted’  
 
 
Bin 1:  16, 2, 1                                  Bin 4: 12, 8 
Bin 2:  15, 5                                      Bin 5: 10, 8 
Bin 3:  13, 5                                           
 
 

E. g. 95
20 4.75=  so a minimum of 5 bins needed.  

 
M1 (1st 6 
terms) 
A1(next 3) 
A1         3 
 
M1 
A1 
 
A1ft 
 
A1ft 
 
A1         5 
 
 
M1 (to 8s) 
A1 (to 5s) 
A1         3 
 
M1 A1   2 
Total 13 
 

 
Notes 
a1M1:  Bin 1 correct 13 and 16 in bins 2 and 3. 
a1A1:    Bin 2 correct 8 in bin 4. 
a2A1:   CAO 
b1M1:  End number (greatest/least) in place. Consistent direction throughout. 
b1A1:    first pass correct. 
b2A1ft:   2nd and 3rd passes correct – so end three numbers in place. 
b3A1ft: 4th and 5th passes correct – so end five numbers in place. 
b4A1:   cso including ‘sorted’, or extra pass (es), ruling off, boxed, ticked etc. 
c1M1:   Bins 4 and 5 correct, others started.  
Special case: If list at end of (b) wrong give M1 only for their 1st 7 terms placed correctly. 
c1A1:    Bins 2 and 3 correct up to the 5s. 
c2A1:    cao 
d1M1: Numerical argument. E.g. Attempt to find lower bound o.e., consideration of ‘spare room’. Etc. (Accept  ‘5 items 
≥  10’ o.e for M1 only) 
d1A1:  correct numerical argument; conclusion (the yes/no) may follow from (c). 
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Alternatives for Question 5(b) 
 Right to left 
5 1 8 13 16 5 8 2 15 12 10 1M1 
16 5 1 8 13 15 5 8 2 12 10 1A1 
16 15 5 1 8 13 12 5 8 2 10 
16 15 13 5 1 8 12 10 5 8 2 2A1ft  
16 15 13 12 5 1 8 10 8 5 2  
16 15 13 12 10 5 1 8 8 5 2 3A1ft 
16 15 13 12 10 8 5 1 8 5 2 
16 15 13 12 10 8 8 5 1 5 2 
16 15 13 12 10 8 8 5 5 1 2 
16 15 13 12 10 8 8 5 5 2 1 + Stop  4A1 
  
 

Misreads – allow recovery if list reversed. 
Left to right ascending 
5 1 8 13 16 5 8 2 15 12 10 1M1 
1 5 8 13 5 8 2 15 12 10 16 1A1 
1 5 8 5 8 2 13 12 10 15 16 
1 5 5 8 2 8 12 10 13 15 16 2A1ft 
1 5 5 2 8 8 10 12 13 15 16 
1 5 2 5 8 8 10 12 13 15 16 3A1ft 
1 2 5 5 8 8 10 12 13 15 16 + stop 4A1 
 
Right to Left ascending 
5 1 8 13 16 5 8 2 15 12 10 1M1 
1 5 2 8 13 16 5 8 10 15 12 1A1 
1 2 5 5 8 13 16 8 10 12 15 
1 2 5 5 8 8 13 16 10 12 15 2A1ft 
1 2 5 5 8 8 10 13 16 12 15 
1 2 5 5 8 8 10 12 13 16 15 3A1ft 
1 2 5 5 8 8 10 12 13 15 16 + stop  4A1 
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Question 
Number 

 
                                                 Scheme 

 
Marks 

Q6 
(a) 

 
 

(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) 
 

(d) 
 
 
 

(e) 

 
(Edgar should plant) at least 40 apple trees. 
(Edgar should plant) at most 50 plum trees. 
 

 
 

(P = ) 60x + 20y 
 
Drawing objective line                      
Calculating optimal point                  
(72, 36) 
 
(£) 5 040 
 

 
B1 
          1 
 
 
 
 
B1 
 
B1 
 
B1ft 
 
B1          4 
 
 
 
 
 
 
 
 
 
 
 
 
 
B1          1 
 
M1 A1 
DM1 
A1 
              4 
 
B1          1 
Total 11 

 

R 

3 4 360x y+ =  

2x y=  
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Q6 Notes: 
a1B1:   CAO, both. Must be ≤  and ≥  not < and >. 
b1B1:   3x + 4y = 360 CAO. If extended it must go axis to axis within one small square.  Must be long enough to form the 
correct feasible region.  Lines should be drawn with a ruler. 
b2B1:   x = 2y If extended must go through (0,0) and (120, 60) within one small square. Must be long enough to form the 
correct feasible region. Lines should be drawn with a ruler. 
b3B1ft:  ft their lines for correct shading on one of their lines.  Implicit if R is correct. 
b4B1:   Region R correct, CAO. Must be labelled. 
c1B1:    CAO 
d1M1:   Drawing objective line or its reciprocal. 
d1A1:    Correct objective line. Axis to axis (0, 30) to (10, 0) minimum. 
d2DM1:   Depends on 1st M and correct region. Finding their correct optimal point. 
d2A1:    CSO 
e1B1:   CAO 
 
The vertices in R are: 
 
(40, 20) (40, 50) (53 1

3 , 50) (72, 36) 
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Question 
Number 

 
                                                 Scheme 

 
Marks 

Q7 
(a)(i) 

(ii) 
 
 

(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) 
 
 

(d) 
 
 

(e) 
 

 
I depends on B, E and F only, K depends on B, E, F and D 
This is so that G and H will not share the same start and end events.  
So that G and H can be uniquely described in terms of their end events. 
 

 
 
Total float on D = 18 – 5 – 6 = 7 
Total float on G = 17 – 4 – 7 = 6 
 

Lower bound = 
59

3
21

=  workers  

 
 

 

 
B1 DB1 
 
B1 

3 
 
 
 

 
M1 A1 
 
M1 A1 

4 
 
 
 
 
 
 
 
 
 
 
 
 
M1 A1ft 
B1         3 
 
 
M1 A1cso 

2 
 

M1  A1 
 
 
M1  A1 

4 
Total 16 
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Q7 Notes 
ai1B1:  K, I, D and at least one of B, E, F referred to.  Correct statement but maybe incomplete give bod here. 
ai2DB1:  Clear correct statement. No bod.  
aii3B1:  correct statement referring to either events or activities. (‘unique’ alone not enough) 
b1M1:   All top boxes complete, values generally increasing left to right, condone one rogue 
b1A1:   CAO 
b2M1:   All bottom boxes complete, values generally decreasing R to L, condone one rogue 
b2A1:   CAO 
c1M1:   Correct calculation seen once, all three numbers correct (ft). 
c1A1ft: one float ( ≥  0) correct. 
c1B1:   Both floats correct (independent of working) 
d1M1:  Attempt to calculate a lower bound. [51-67 / their finish time].  Accept awrt 2.81 
d1A1:   CSO.   
e1M1:   At least 7 activities including at least 4 floats. Do not accept scheduling diagram. 
e1A1:   Critical activities dealt with correctly 
e2M1:   All 11 activities including at least 8 floats 
e2A1:   Non-critical activities dealt with correctly 
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