Mark Scheme Ondine Maths

Teaching
Q1.

(a) | Maximise P= 8x+ 20y+ 40z Bl 33
4x+ 8y+ 15z, 9000 M1 33
x+ Sy+12z...3600 Al 1.1b
x+ y+ z..1600 B1 33
i oy B1 | 33
(x,y,z...0) ’

&)
4x+ 8y+ 15z+ s5,= 9000
X+ S5y+12z- 5,+ a,= 3600 el b
® [
,\T}*r_- 53?(12—1600 Bl 7S
-x+3y+s5,=0
I= - (a,+ a,)where aq = 3600- x- 5y- 12z+ s,and
i a M1 2.1
a, = 1600- x- y- z+ s,
I- 2x- 6y- 13z+5,+ 5;,=- 5200 and P- 8x- 20y- 40z= Al 2.2a
eg.
b.v X ) z 51 52 53 54 a, a, Value
51 -4 8 15 1 0 0 0 0 0 9000
ai 1 5 12 0 |l 0 0 1 0 3600
a: 1 1 1 0 0 = | 0 0 1 1600 M1 34
s, |[-1] 3] 0o [ofo] o 1 [ oo 0 Al | 22a
P (-8]-20-401| 0 0 0 0 0 0 0
I |-2(-6]-13|0 1 1 0 0 0 |- 5200
(6
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Online Maths
bv.| x |y | z | s s2 | s3 | s4 | Value | Row Ops Teaching
B1
s, |0 0 0 l l 1 0 200 1
3 3 - 2 M1 | 21
z 0 i 1 i i 0 0 1800 = LR
(© 11 33 33 11 ¢ A1 | 11b
X 1 7 |0 4 5 0 |0 18000 12
= = | = [s* 3R
11 11 11 11 11 Al 1.1b
0 0 0 1 2
5 40 f 3 18000 i l—R]
11 11 11 11 1 B1 24
P (O 410 56 4010 |0 216000 56
il d e - | 5+ TR,
11 33 33 11 11
©)
(@ | (@) £20500 Bl 34
(11) 1125 + 5(375) + 12(100) = (4200 minutes so) 70 (hours) Bl 2.2a
(6]
(e) |e.g. there is no guarantee that all the books will be sold B1 3.5b
@
(19 marks)

Notes for Question

(a)

B1: Correct objective function (8x+ 20y +40z) plus ‘maximise’ or ‘max’ but not ‘maximum’ (and
‘P =" 1s not required)

M1: Either one correct inequality (need not be simplified) or both 4x+ 8y+ 15z, k; and

x+ 5y+12z..k, where k,k,> 0

Al: Both correct (4x+ 8y+ 15z, 9000, x+ 5y+ 12z ...3600) — allow equivalent answers
(provided 4 terms only and mnteger coefficients e.g. 2x+ 10y+ 24z- 7200...0)

B1: CAO (x+ y+ z...1600 oe provided 4 terms only and integer coefficients)

B1: CAO (3y,, xoe provided 2 terms only and integer coefficients)

(b) Note in this part that the numbering of the suffices for the slack, surplus and artificial
variables seen in both the candidate’s equations and Simplex tableau will most likely be
different from what is seen in the MS (e.g. 4x+ 8y+ 15z+ s, = 9000 is correct). The correct

values in the rows of the tableau do NOT imply the first four marks (the question explicitly
asked for the constraints as equations and the rows for the two objectives to be explicitly
stated)
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B1: Any two correct inequalities converted into equations correctly (condone the same letter, say s, [FEyrssm—r_

being used twice) — any equivalent forms of the correct equations are acceptable (e.g. variables do
not need to be on the same side)

B1: All four correct equations (using distinct slack, surplus and artificial variables) — any equivalent
forms of the correct equations are acceptable

M1: Using /= - (@, + a,)with their expressions for @, and a, (allow slips i forming J from their
two expressions for the two artificial variables) but must be a clear intention to calculate

I= - (a,+ a,)) — must be exactly two artificial variables in their expression for I for this mark
Al: CAO for I and P (must be stated as P- 8x- 20y- 40z= 0 (A0 1f = 0 missing) and

I- 2x- 6y- 13z+ s5,+ 5;=- 5200 - so variables on one side and constant on the other)

M1: setting up initial tableau — all six rows complete (with no blanks) and two correct rows (but
ignore b.v. column for this mark)

Al: CAO (any equivalent correct form) - note that the candidate’s order in which the rows
appear in the tableau (and choice of letter to represent the slack, surplus and artificial

variables) may be different — check to ensure that the basic variable column is consistent with
their choice of lettering for the slack and artificial variables

(©

B1: Pivot (top) row completely correct including change of b.v. (but not ‘Row Ops’ column)

M1: All values in one of the non-pivot rows correct (so ignore b.v. column and ‘Row Ops’ column)
or one of the ‘non zero and one’ columns (which are y, §;,5, or Value) correct (must have pivoted on

the correct value)

Al: Row operations used correctly at least twice, 1.e. two of the ‘non zero and one’ columns (§,,5,,
y or Value) correct
Al: CAO all values including b.v. column — ignore ‘Row Ops’ column for this mark

12 12 56

: ; 1 1 2
B1: Correct row operations stated — alternatives are —r,.1,- — 1.1, T —1.1, - — 1.1, + —1
- 33 33 33 33

()@
B1: CAO (20 500)

(i)
B1: CAO (70 only)

(e)

B1: CAO — must explicitly mention the fact that 1t 15 possible that not all the books will be sold.
Ignore reasons for why, provided they do not relate to the publisher producing less than the optimal
number of books

Teaching
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Q2.

(a) Constraints:
2x+3y+4z,, 13
x—2y+2z..8 Bl 34
3x—4z..12 Bl | 22
(x,»,2...0)
Objective functions:
Maximise —2x +3y+z Ml 3.1a
Al 22
Minimise 2x—-3y—z =
)
(b) (Because M 1s big) the only negative in the objective row 1s the
2 — 41 so the pivot 1s from the x-column Bl 24
] . . 12. 8 13
The 3 in the ¢, row 1s the pivot as ?15 less than both i and 3 Bl 22a
)
(6 marks)

Notes for Question

alB1: One correct non-trivial inequality (allow strict inequality provided direction of inequality sign
1s correct) — equations with slack variables etc. scores no marks unless replaced with correct
inequalities

a2B1: All three non-trivial inequalities correct

alM1: Either expression stated correctly (allow equal to (or an inequality with) any letter e.g.

P =-2x+3y+z but not equal to a value e.g. = 0) — ignore any mention of maximum/minimum for
this mark

alAl: Both expressions correct including max/min correctly matched with each expression (allow
equal to any letter only) — do not isw if they continue and place their expression(s) equal to a
value(s)

b1B1: Correct reasoning that the pivot 1s a value from the x-column — as a minimum must state that
the 2 — 4M 1s the only negative (condone most negative) in the objective row (allow profit row or
P row. condone ‘bottom row’)

b2B1: Correct justification of why the 3 in the @, row or the 3 in the x column 1s the pivot — so must

state the correct pivot in a clear unambiguous way (so just saying the pivot 1s “the 3" 1s B0O) and

. . i . 8
comparing or stating that Eor 4 1s less than/least positive for both T or 8 and %3-01' 6.5 — must see

all three values so do check the table for possibly stating the & values there. However. just stating
that the 3 1s the pivot because it 1s the smallest & value (without seeing anywhere these & values) 1s
BO

online Maths
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Qs.

(@) Maximise P = 12x + 20y + 16z B1
2x+3y+z<80 M1 33
4x+2y+32<140

Subject to ') Al LIb
3x+4y+22<96 Al 1.1b
x,y,z20 Bl 3.3
©)]

(b) The values must all be integers B1 33

@
(© Variable y entered the basic variable column. ... M1 24
...s0 y was mncreased first Al 22a

2

(d) (80+140+96)—(8+92) =216 plants B1 3.2a

®

(e) The next pivot must come from a column which has a

negative value in the objective row so therefore the pivot - -
must come from column z. -
The pivot must be positive and the least of 92/2 = 46 and Al s
24/0.5 = 48 so the pivot must be the 2 (from column z). T
)
H P+ 10.5x + 35 + 3.5t = 756 so increasing x, s or £ will
B1 24
decrease profit
(¢))

(g Make 1 Drama basket and 46 Peaceful baskets Bl 22a

®

(h) The slack variable, r, associated with this type of plant, is M1 31b

currently at 31. Increasing the number of mpacr plants by '7
a further 20 would have no effect. Al 3.2a
2)
(15 marks)

online Maths
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Notes:

(@)

B1:  Correct objective function/expression (accept in pence rather than pounds e.g. 1200x +

2000y + 16002)

M1: Correct coefficients and correct right-hand side for at least one mequality — accept any
mequality or equals

Al: Two correct (non-trivial) inequalities

Al:  All three non-trivial inequalities correct

B1: x,y,220

(b)

Bl: CAO

(©

MI1: Correct reasoning that y has become a basic variable

Al: Correct deduction that y was therefore increased first

(@

B1: CAO

(e)

M1: Correct reasoning given that the pivot value must come from column =

Al:  Correctly deduce (from correctly stated calculations) that the pivot value 1s the 2 in

column z

®

B1:  States correct objective function and mention of increasing x, s or # will decrease profit

(g)

B1: CAO —in context so not in terms of y and z

()

M1: Identifies the slack variable  and its current value of 31

Al:  Correct interpretation that increasing the number of Impact plants would have no effect

Online Maths
Teaching
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Q4.

online Maths
Teaching

(a) Simplex can only work with < constraints Bl 3.5b
e))
(b) M is an arbitrary large real number Bl x5
e))
(©) X = 3= x—s5;+1, =3 wheres; 1s a surplus variable and ¢ is an i 54
artificial variable '
1
(d) Let P=3x+2y+2z—Mt, (where M 1s an arbitrary large
number) M1 21
S P=3x+2y+2z-M@B—-x+s5;) Al 1.1b
=B+M)x+2y+2z—Ms,—3M
=>P-(3+M)x—-2y—2z+Ms,=-3M
2)
(e)
bv. x|V z 5, s,| 5| & | Value | Row Ops
M1 1.1b
s |0]|1] % % [0|1|-1]| 192 |r=(/2R
Al 1.1b
s (0|3 -12|-12]1]|0| 0| 512 R, -, i |
x |11 % % (00| 0| 252 | R+p
P|lOo]|1]| -12 32 |00 | M| 752 R, +3r,
b k| B | 2 |8 & | t, | Value | Row Ops
s lof2l1l1]o|2]-=2]| 19| n=2r ML [11b
s, |0]4(0] 0|1 1 -1 12 | R,+(1/2)n Al 1.1b
x [1]o]o|lo|o|-1] 1 3 | R—(1/2)n
Bl 24
P o2zl 0|2| @ 1 | M-1| 47 | R,+(1/2)y
P=47x=3y=0,z=19 Bl 1:2h
@)
(12 marks)
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Notes: Online Maths
Teaching

(a)

Bl:  Correctly states the limitation of the Simplex model — Simplex involves iterations which
allow movement from one vertex in the feasible region to another vertex (in the feasible
region). If all constraints are of the form < this means that the origin 1s always a feasible
solution and therefore can act as the initial starting point for the problem. However, the
constraint x = 3means that the origin is not feasible and so the algorithm 1s unable to

begin.

(b)

B1l: CAO including the correct mathematical language (must include ‘arbitrary’, ‘large’ and
‘real’)

©

(i)B1: Correctly states both the inequality x =3 and the equation x—s, +1, =3 together with an
explanation of the meaning behind the variables s, and ¢,

(i)M1: P=3x+2y+2z— Mt and substitutes their expression for ¢,

(ii)A1: Correct mathematical argument including sufficient detail to allow the line of reasoning to
be followed to the correct conclusion — dependent on previous B mark in (c)

(@

M1: Correct pivot located, attempt to divide row. If negative value used then no marks

Al: Pivot row correct (including change of b.v.) and row operations used at least once, one of
columns y.z,s,.f, or Value correct

Al: CAO for values (1gnore b.v. column and Row Ops)

M1: Pivot row consistent (following their previous table) including change of b.v. and row
operations used at least once, one of columns y.s,.s;.t, or Value correct

Al: CAO on final table (ignore Row Ops)

B1l:  The correct Row Operations explained either in terms of the ‘old’ or ‘new’ pivot rows

B1ft: Correctly states the final values of P, x, y and z from their correct corresponding rows of
the final table
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Q5.

(a)

()

(d)

©)

P__?_;-ij«3z:0 (o.e)
12 x +Ly +52 £2h ¢
9x by +3z £ 153
i < 07!
5x + 2y —2%
basicvariable | s [y | = {r|s| 7| Vahe
- 2la2]s|i]o|o] 245
s o (6) 3loj1fo] 153
' s|z22lofol1]
T P 214(alolofe] o
by, x v z r s t Valee Rm;am
cl 610 [ 3|\ |-%]|0 |y [R-LR:
220 i |2l o | % | C | 26.5|R.= €
E|lz jo|-3]|0 |-7=| 1 |120 |Rs-2R2
Pl o f-t10 |%|0 |02 [RerkRe
b.v. X y 2 r 8 t Volue opel:::;ns
z| 2o |V |Yl=" 0 | L3 [R:23
9| Ve V] o|-%| %l o] 15 |R-%R,
tE|8lolo]| v [-v |1 |26k |R+3Rs
e].é o | O3 lM| 0 | 150 |R.+ R4
P=150  x= b4 % e
=z O s= ¢ E ¥ 2k

the third combraik) E£0

62. 0 (Z)

31
81
6y (3)

mt A)
miatt

g/

mi A

M Al

(a)
M M/

(3)

glf 1)
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Online Maths
(a) 72 Ca o Teaching

00) Bl cao Pp_mcb‘m samz Lo Onhe m\l_,,
B\ cao e.q, £ rotle He 2 ; leder f"w\'!jk.
Bi Cao) Pendhc = or % buie (¥ lum 2 abs)

(© M) Comeck pivet charn —ie 6 in g columa
A\ p;voi o ceneck cao CncLuJJ«_:, baric vanable
M) Cowed oo apmf::«m: uged (aliz). Lohde 29 P Mo ave nome 2en, nore | Ferm dowee) par .
A [ron - gk s ceme k. D iriac iy prvek e anby
Bl [Oome et ‘rll row cpe:e.j-tmg cervredd

M . rujah-c prot = Mo My
N Ay lant » IF aheedu Von cane ond asecond Pivsk @osme creckh d M1 Ae i,
= L'aﬂ\é a Skarhng wdda
ML) (S aJx‘-«) o gais cn Value column Mo Mo
IYNJ"LG 4
Al Jnd feblaens

(8 m M7 shkbkd - ne:'jc..{—vv'e, Mo
AV 5 covredd /S
g'\f Cgii 7 C‘Tmcé

\Q’) £l V'I‘C' AC puol be Jw} one Non-220 slade venzdl
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online Maths

[R‘“’”‘" )@aé 2 B o B metes emJj Teaching
(p'.«.l‘ D e 2 ealiws)

\) cheaes o‘umn X takielly

\O-V. Yy 2 r s E Value R 0o 1
r~ el | | -2 o b2 |R-12R: S mok
I A N R P v
E 2 % o F 8¢ Rs -Sk.
P 0 = = 2 = (o) 34 Ry 12R,

Henr

T
*,_) oy
(a) (.'Lmﬂ Y nect - 3& Mmakn Schame I Eabloc [ha ms/ﬁ)

cheaz, 2 net - s Main sahame  Clast I prerk, nes cvatadl ]

(b) chas, 2 exb  Cre mode |

b bL8 ) % B s 3 vehie Res 2

. 1 o] -k I I % o L2 R =
x I 2 0 = S o 1 fe - 5K
E o 4t o & F v [2e0 %40
P | @6 -1 6 : 5 o {13 B3R,

(i)c\'\ww; 9 new t —90@ oned tablow (lal &4 mods Wd(“]
ki‘l) chans, § naxt ,le)s ne mdre ,'Z"H‘“*) EL‘"J"’“‘" ted e }"‘ UL‘:‘L le mots aunk

l) C\’\at'ln, (a\u-—-,. Z in'."."', LP;V,J» S <A Z.(...l\-u-mj

.b.v x 9 z r s = Value fou o Iz
- ‘_;_’z _‘>; i ;' o o L4.2 R, =5 S meds
< =+ 5 2 -2 \ o 5.y |, -3 antdb
Lo 2 o 7 0 U260 Ry a2k, b,
4 1?‘ '—3; o % o o Ite1.€ Ry ¥ 3R,

C\'\azn Y b — 3cL }-{nd tabloax [la'»k L made a.‘oa‘(-u‘)
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%?;S:;Z: Scheme Marks
(a)i) | P=x+2y+5z B1
15x—-2y+3z<180
(ii) 10x+y+=z=<80 M1 Al 3)
x+6y—-2z<100
bv | x ) z I3 s ¢ | value
r 15| -2 3 1 0 0 180
s 10 | 1 1 0 1 0 80
t 1 6 | 2 0 0 1 100
P -1 |2 |5 0 0 0 0
b.v X y r s t | value [ row ops
o 2 1
- 2 it i R =3
5 3 3 0 0 60 g M1 Al
s ~ 5 1
5 |3 S| v o] 2 R, -R M1 Al
)
: 11 i - 0 1 | 220 | Ry+2R
3 3 : 2
(b) P 16 5
24 23 5 0 0 | 300 | R.,+5R
b.v X ) r s t | value | row ops
z 1 2 2
7 0 - — 0 68 R +=R,
2] D 3
¥ [ 3 | 1 A 2l | | med MI Alf
5 5 3
t 4 4
B | i B 122 | 4k |2-Dr MIAL 8
5 5 3 -
R 40 0 i E 0 364 | R +ERa
5 5 < i
(©) P=364:x=0:y=12: z=068. r=5=0. r=164 M1 Al )
13 marks
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Question

Kt Scheme Marks

Notes for Question

ailB1: CAO - allow 1n any equivalent forme.g. P—x—2y—5z=0 butnotsay P=x+2y+5z=0

aiilM1: Two inequalities (or equations with slack variables) correct
aiilAl: CAO

bh1MI1: Correct pivot located (3 in the z column). attempt to divide row. If choosing negative pivot then
MOMO

blAl: CAO pivot row correct including change of b.v. (so 7 must be changed to z)

b2M1: (ft) All values in one of the non-pivot rows correct ar one of the non zero/one columns (x, ¥, 7 or
value) correct following through their choice of pivot

b2A1: CAO on all values for the first iteration — ignore row ops and b.v. column for this mark

b3M1: Their correct pivot located following their first iteration. attempt to divide row. If choosing negative
prvot MOMO - however, allow recovery for the third and fourth M marks only if positive pivot chosen for
the second iteration after a negative pivot chosen for the first iteration

b3Alft: Their pivot row correct including change of b.v. following their first iteration

b4M1: (ft) All values in one of the non-pivot rows correct or one of the non zero/one columns (x, 7, s or
value) correct following through their choice of pivot

bd4Al: CAO for all values and row operations for both iterations - including all eight row operations stated
correctly (1gnore b.v. column for this mark)

cIM]1: Their correct values stated for at least P, x, y, z from their ‘optimal’ iteration so there must be no
negatives in the profit row. Two M marks in (b) must have been awarded — the numerical value of P must
be explicitly stated and not as part of an equation

clAl: CAO for all seven values explicitly stated

If pivoting on any other positive value for the first iteration then candidates can score in (b) and (c):

(b) MOAOM1AO M1AIMOAO (c) MIAO (so max. of 4/10)

Online Maths
Teaching
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Q7.

%}:Z;:;Z? Scheme Marks
(a) | e.g.vaniable x was increased first. since it has become a basic variable Bl (1)
bv. | x y z r s t | Value TOW Ops
; | 0|25 1 |09 a5 ]| 9| > R =2 B
x 1 |55 0 ([-15]55](0 3 R,-3R M1
® r [0 [35[0 05|25 1| & | R+R
Plo|1BB|o]| 2|50 27 | R+4R Al )
(c) P+13y+2r—5s=27 Blft @
@ P=27-13y—2r+5s . so we can increase the profit by increasing s, hence not B2.1.0 )
optimal 9 marks

Notes for Question

alBl: e g identifies x. refers to basic variable (oe)
If pivoting on a negative value or on a value from the x or y column then no marks in (b), (c) or (d)

bIM1: Correct pivot located (2 in column z). attempt to divide row

blA1: Pivot row correct including change of b.v. (so the 7 must be replaced with a z)

b2M1: All values in one of the non-pivot rows correct or one of the non zero-and-one columns (3, 7, s or
value) correct following through their choice of pivot from column z

b2A1ft: Row operations used correctly at least twice. 1.e. twao of the non zero-and-one columns (y. ». s or
value) correct following through their choice of pivot from column z

b3A1l: CAO — no follow through — all values and row operations correctly stated — allow if row operations
given i terms of old row 1 —ignore b.v. column for this mark

c1B1ft: Dependent on the second M mark earned in (b) — must be an equation containing P (please note that
P=13y+2r—>5s+27 1s incorrect)

d1B1: Must have gamned both M marks in (b) and must refer to increasing y, » or 5. Do not accept
‘negatives in profit row” with no further explanation given

d2B1: CAO — dependent on the correct profit equation in (c). Specifically identifies s as the next variable
that could be increased and states “not optimal™ (oe)

Pivoting on the 3 in the z column (can score a maximum of Bl MOAOMIAIAO B1 BOBO —so 4/9)

b.v. X y z r s t Value
r -2/3 11/3 0 1 -11/3 0 -2
z 173 2/3 1 0 1/3 0 6
t 1/3 5/3 0 0 1373 1 9
P 4/3 17/3 0 0 7/3 0 31

Online Maths
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Online Maths
Teaching

b.v. x y z r s t Value Row ops
r 0| -5 5 1 1 0 5 R, — 2R,
2
M1
2 4 Al
(@) Bi=FR; Mi
t 0 3| 6 0 1 1 3
2 % Alft
Al Q)
P 0 7 1 0 3 0 15 Ry + 3R,
2
7 arr
P+;y+z+:s—15 Blft
@ |r=5 s=0"t=3 Bl @
7 marks

Notes for Question

alM1: Correct pivot located (4 in column x). attempt to divide row

alAl: Pivot row correct including change of b.v.

a2M1: All values in one of the non-pivot rows correct ar one of the non zero and one columns (y, z, s or
value) correct following through their choice of pivot from column x

a2Alft: Row operations used correctly at least twice, 1.e. two of the non zero and one colummns (3. z, s or
value) correct following through their choice of pivot from column x

a3Al: CAO —no follow through — all values and row operations correctly stated — allow if row operations
given in terms of old row 2 —ignore b.v. column for this mark

b1BI1fi: Follow their profit equation from (a) dependent on scoring bath M marks 1n (a)
b2B1: CAO (no follow through) for slack variables (*=35.5=0.t=3)

Pivoting on the 1 in the x-column Pivoting on the 2 in the x-column
bv. [ x | » z r S t A\ bv. | x | 3 z r s t Vv
r 01-2]-7]1 0 -2 -1 x 11-2|]05]05|0( 0 7.5
s (0|6 (240 1| -4/-12 s |of1wo]|-10] 2[1] 0 [-10
x 1|-1| 4 |0] 0 1 8 t 0[1]35]|-05|0]| 1 0.5
Pl1O(f-1(19]0)] 0| 3 | 24 PJlo[4a[85 (15 [0 o0 |22
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Q9.
Question
Nisnbioe Scheme Marks
(@)
bv| x y z s | t | value | 6 values
r + 3 % 0(0] 50 16.67
5 | 2 1 [of1]{0] 30 15
t 0 5 1 |10jO0[1] 80 16
P |-25]40]-35]0 0 0
bv.| x |y]| z s | t | value | Row ops
r | 3 o 3o 5 [RI-3R2 e
= 2 B1
y |4 [E] 1|6l o] 15 R2+2 M1 Al
t [—3|0f-3|0[—-2]|1f 5 R3 -5R2
2 2 2
P | -510[|-15[0] 20 |[O| 600 | R4+ 40R2
bv.| x [yl z [ r s t | value Row ops
z 3¢ 6| A I | <3 |0 5 Ristet
2 2
; 3 1 5 1
y -3 1] 0 5| 32 0| 125 R2-3R1 B1
t 2 oo | 3 _§ 1] 125 | R3+3R1 Bl
= = M1 Al 9
P [325|0] 0 |15]|-25]0| 675 | R4+15Rl1
®) | P+325x+15r—255=675 B1 1)
= —325x—15r+2 i i S
© P =675—32.5x— 15r + 2.55, 50 can increase profit by increasing s, hence B2.1.0 Q)
not optimal.
12 marks
Notes for Question
alM1: Correct pivot located, attempt to divide row. If choosing negative pivot no marks.
alAl: Pivot row correct including change of b.v.
alBl: Row operations CAO — allow if given in terms of old row 2.
a2M1: (ft) Correct row operations used at least once, column x, z, s or value correct.
a2A1: CAO on numbers (ignore row operations and b.v.).
a2B1: Correct pivot located and b.v. changed. If choosing negative pivot 2B0 3MO.
a3B1: Row operations CAO.
a3M1: (ft) Correct row operations used at least once, column x, 7, s or value correct.
a3A1: CAO on numbers (ignore row operations and b.v.).
biB1: CAO
c1BI1ft: Explanation. Must have gained at least 2 M marks m (a) must refer to increasing x, 7 and s,
(condone no ref to y =z = t = 0), must have correct signs in equation in (b). Do not accept ‘negatives in
profit row’ o.e. alone.

¢2DB1: CAO — dependent on correct equation in (b). Specifically identifies s as the next variable that
could be increased.
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Q10.
@ Ix+ 4y <20=>3x+ 4y+ s | =20
Bl 25
x+y<8=>3x+y+s,=8
,\'21=>.r—s,+al=l B1 25
2x+3y26=>2x+3y—s5,+a,=6 B1 1.1b
P=1lx+ lcy—M(a|+(12)
a, + (:2=7- 3x - 3y + Syt 8, M1 21
P=1lx+ky = M(7=3x=3y+5,+5,)
P=(1143M) x= (k+3M) y+ Ms ,+ Ms ,==T™M Al | 22a
eg.
b.v. : y Ss1 | 52 | 53| s4 | a1 | a2 | Value
- 1 0 0 0 0 20
. 3 M1 | 33
a 1 0 B =g 0 1 0
a 2 3 0 =1 © 0 1 Al 22a
S 3 1 0 0 0 1 0 0
P | =(11+3M) |-(k+3M) | O | M (M| 0 0| 0| 7y
@)
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(b) | Usin - or stating P 198+ 2&
x=—,y=— i =k
; 7 7 ; 7 7
: A : 1k -3 33 2
If optimal after the third iteration, then = 7k 2 (0and - 7k 20 M1 | 3.1a
11
(0<)ks? Al 22a
? 11 18 11(2
Maximum P whenk=— and P=11|— |+ —| — dM1 | 34
3 7 3 Xl
: . 88
Optimal value of P 1s T
accept answers from a stated value of k ﬁ'om(() <) k< A A1 | 22a
198 88
S0 < P < —
7 3
&)
(12 marks)
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Notes:

If correct they must use two slack, two surplus and two artificial variables. Accept alternative
letters for these as long as the artificial variables are clearly identifiable

Please check suffices on s and a terms carefully — they may be in a different order — check that
these are consistent

alB1: Correctly re-writing the two < inequalities as equations with slack variables (can be implied
by the corresponding two correct rows in Simplex tableau — our row 1 and 4)

a2B1: Correctly re-writing one of the > inequalities as an equation with surplus and artificial
variables (can be implied by a correct corresponding row in Simplex tableau — our row 2 or 3)
a3B1: Correctly re-writing both > nequalities

alM1: Forming an objective of the form P=11x+ ky - M( a ta 2) and substituting for 2 and a, (we
must see the substitution but this does not need to be a correct expression for this mark)

alAl: CAO for new objective (accept equivalent equation with terms in x and y collected) (M1 A1l
may be implied by a correct objective row 1n the tableau)

a2M1: Any two rows correct on the ft from the candidate’s stated equations (1gnore b.v. for this
mark)

a2A1: CAO (including consistent b.v. column) — note that the candidate’s order in which the rows
appear 1n the tableau (and choice of slack variable) may be different

A fully correct tableau implies all marks 1n (a) provided that there are no errors seen in the formation
of the objective function

' L : B : " 198 2
b1B1: Either using the correct values of x and y 1n the objective function or stating P = = + 71\'

bIM1: Considering at least one of the expressions (s3 or s4 columns) in the P row that involve k and
compare with 0 (accept any correct inequality or equals)

b1A1: Correct range of values for ¥ (condone missing 0 <) but must have considered both
possibilities and chosen 11/3 (may be implied by subsequent working) (allow & = 11/3 stated as the
maximum value)

b2dM1: Dependent on previous M mark — using their & in given P which must come from a
correct inequality or equation (they may choose a value of k from the correct range e.g. k= 3)

b2A1: CAO - Correct value of P for their choice of ¥
(accept answers 1n the range _1’;8 <PZ _@_ if k=3 P=204/7)
7 3
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Q11.
@@ |x=y2 IOO=>.\'—,\'—sl+u]=I00 33
x=5y<0=>x-5y+ .\'2=0 B3.2.1 33
20+ 3y 2350220+ 3y— 5,4 a,=350 33
P=-x-y=M(a +a,) andsubstitute expressions for a and a, M1 71
( P+ (1=3M) x+ (1—2M) y+ Ms + Ms ;= — 450M ) '
e.g.
b_‘r X ¥ s I § 2 s 3 a | a 2 Value
a, 1 il il 0 0 1 0 100
S 1 20 3 0 1 0 0 0 0 M1 33
Al 2.2a
a, 2 3 0 0 | -1 O 1 350
Pl l-3m | 1-2m | M | 0 | M| 0| 0 |_450m
(6)
b
((i)) x=130 Bl [
(1)) | Whenx =130 =y <30,y 226,y <130 and y = 30 M1 3.1a
y=30 Al 2.2a
3
(9 marks)
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alternative letters for these as long as the artificial variables are clearly identifiable
B1: one correct equation or two correct inequalities (do not accept strict inequalities)

(a) NOTE: if correct they must use one slack, two surplus and two artificial variables. Accept \

B1: two correct equations or three correct inequalities

B1: all three equations correct (please check suffices on s and a terms carefully — they may be in a
different order)

M]1: setting up the new objective which mustbe P=— x— y— M( a ta 2) and an attempt to
substitute for their a | and a 2 (accept any equivalent form. which may not be fully simplified)
(accept the use of Q instead of P throughout)

M]1: setting up initial tableau — all four rows complete with two correct rows (but 1ignore b.v. column
for this mark) (Note the order of rows may be different from above) Check that the slack,
surplus and artificial variables correspond to their equations

Al: CAO (any equivalent correct form. but the terms 1n the objective row must be simplified)

(b)

(i) B1: CAO (x=130)

(i1) M1: Substitute x = 130 into candidate’s mequalities from (a) (at least 3 inequalities seen or both
y 230 and y < 30)(condoney < 130)

Al: CAO (y=30) wemustsee bothy = 30 and y < 30 explicitly stated for this mark (must
not follow from any incorrect working)
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(a) | Simplex can only be applied when the non-negativity constraints are <. B1 3.5b
@

(b) 3x+y+2z<30=>3x+y+2z+5 =30 B1 L.1b
x—y+z28=>x—-y+z—-s,+a =8 Bl 25
4y+2z215=24y+2z—5;+a, =15 Bl 1.1b
P=2x+2y—z= P=2x+2y—z—M (a,+a,) together with

M1 2.1
a+a,=23—x—-3y—3z+s,+s;
P—(2+M)x—(2+3M )y—(-1+3M ) z+ Ms, + Ms, = -23M Al 1.1b
bv X Yy Z 51| 5| 83| @ | @ Value
5, 3 1 2 1({0]0|0]| O 30
& 1 = 1. Jo[=afeale] s ] 2 |3
Al 22a
a, 0 4 2 0(0]|-1]0| 1 15
P | —(2+M)| —(2+43M) | -(3M-1) O (M| M| 0| 0 | -23M
@)
(c) 5,=2625,4 =11.75,y =315, x=2 =5, =s;=a,=0 Bl 34
@

(d) | The solution after the 1* iteration is not feasible because 4, =11.75 1s an B1 24

artificial variable which must be zero in a feasible solution )
@

© The most negative value in the objective row 1s 2—15M so the pivot 1s B1 24
a value from the z-column :
The 0.5 1n the y row 1s the pivot because 203 1s less than both 4625

0.5 15
. dB1 22a
11.75
and
1.5
@
(12 marks)
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Notes for Question

(@

Bl: CAO —e.g. not all of the constraints are <. the origin is not a (basic feasible) solution of the LP

()

Bl: CAO 3x+y+2z+s5 =30 (may be seen in the simplex tableau — allow any s, (or 5) for s5,)
Bl: CAO x—y+z—s5,+a, =8 (may be seen in the simplex tableau — allow any consistent s, for s,
(or ¢ say) but not the same s, as in the previous mark and allow any a, for a,)

Bl: CAO 4y +2z —5; +a, =15 (may be seen in the simplex tableau — same conditions as above)
MI: setting up the new objective which must be P=2x+2y—z—M (q +a,) and substituting for
their @, and a, (if no working then the correct objective line in the tableau implies this mark)

Al: CAO P—(2+M)x—(2+43M ) y—(-1+3M ) z+ Ms, + Ms; = -23M (any equivalent form —need

not be factorised and does not need to be re-arranged into this form - if no working then the correct
objective line in the tableau implies this mark)

M1: setting up initial tableau — all four rows complete with two correct rows (but 1ignore b.v. column
for this mark)

Al: CAO (any equivalent correct form)

©
Bl: CAO 5,=26.25.q =11.75.y=3.75.x=z =5, =5; =a, =0 (1gnore expression for P if given)

@

B1: correct reasoning of why the solution is not feasible e.g. g, 1s not zero but B0 for just stating that

the artificial variable 1s non-zero (so must see ether @ or 11.75 being stated as non-zero)

(e

B1: correct reasoning of why the pivot comes from a value from the z-column so must say that the
most negative value (in the objective row) 1s 2 — 1.5M (or this expression clearly implied)

dB1: correct justification of why the 0.5 in the third row 1s the next pivot (dependent on previous B

mark) — so must compare or state that 2 or 7.5 1s less than both 26'%3 or 17.5 and i

0.5 15 1.5
7.8(3333....) — just stating that the 0.5 1n the third row 1s the next pivot without reasoning 1s no
marks 1n this part

or

www.onlinemathsteaching.co.uk



